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PREFACE 


The fourth edition of The Radio Manual, like 
I)revious editions, is designed to serve as a textbook 
and reference for those entering the profession of 
electronics and telecommunications. In addition, it 
is designed to meet the needs of the engineer and 
operator already engaged in the profession as they 
encounter the many systems of communication em- 
I)loyed in various stations and services. Moreover, 
the text provitles a comprehensive reference for col¬ 
leges, schools, and public libraries, as well as for 
students preparing for radio operator license ex¬ 
aminations. 

"J'he chapters covering electrical and radio theory 
have been thoigughly n'vised and new material in 
keeping with the pVogress made in the art and in¬ 
dustry has been added. 

As m former editions, the policy of furnishing 
technical data covering representative commercial 
radio eijuiiiment directly from the instruction boo'ks 
and other literature of the manufacturer has been 
retained in this edition. An attempt has been 
made to include descriptions of the ecpiipmcnt of 
.'is many different manufacturers as possible. As an 
examjile, CTapter 11 describes a considerable num¬ 
ber of different commercial FM transmitting equip¬ 
ments, all of which meet the Federal C ommunica- 
tions ('ommission Standards of (lood I'higineering 
Practice, but accomplish J^'M transmission in a 
different manner. 

Because of siiace limitations, it obviously has not 
been jjossible to describe the ecjuipments of all 
manufacturers. However, it should not be assumed 
that the equipments chosen for description are 
siqierior to similar equipments produced by other 
ni.'mufacturcrs, nor should it be assumed that their 
selection for descrijition in this text constitutes 
preference on the part of the Federal Communica¬ 
tions ( ominission with which agency one author is 
associ.ated. The decisions as to the types of ap¬ 
paratus to be described are solely those of the 
authors. 


The authors and publisher have been confronted 
with the usual problems that are encountered in 
composing the text of .a book which is .associated 
with a dynamic art and industry that is jirogressing 
as rapidly as that of telecommunications and elec¬ 
tronics. The television chapter is a good example. 
After this chapter had been completed by Dr. Gold- 
.smith, the color i.-,sue became dominant and, con- 
.scqueiitly, a major revision of this ch.aptcr was 
undertaken in order to include brief descriptions of 
the three systems of color television that are cur- 
renth under consideration. 

Fxperience has shown that when the page proof 
of a book has been completed, the author is alw.'iys 
tempted to change the original material, or add new 
niaicrial, to describe the very latest develojmients 
in the subject under discussion. Authors of tech¬ 
nical books arc alw.'iys vulnerable in this re.spect 
and we are no excejitimi. As in all things, however, 
there must be a degree of finality and we offer this 
edition with the hope that errors and omissions will 
be brought to our attention. 

In order to enhance the value of the text, new 
ch.'ipters on Radio Wave Propogation and Antennas 
have been added. "J'here has also been add(*d a 
chapter covering R.'idar and Loran as applied to 
marine navigation. As in former editions, the tc.xt 
concludes with the latest rules and regulations, laws 
and treaties as they jiertain to the d.'iily ta.sks of 
radio engineers and operators, d'his material should 
prove useful to students preparing to t.'dce ex.'imina- 
tions for the various classes of radio operators 
licenses. 

Sincere appreciation is expressed to the many 
nmnuf.'icturers and individuals who contributed to 
this edition of The Radio Manual and particularly 
to Dr. 'i'homas (Goldsmith for his pl.'inning and 
labors in producing the chaiiter on television. Ap¬ 
preciation is also expressed to Robert S. Kruse and 
William R. Foley for the preparation of material 
in chapters 4, 5, and 6 which has been carried over 
into this edition from the third edition. 


G. K. S. 

R. B. M. 


in 
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CHAPTER 1 


ELEMENTARY ELECTRICITY AND MAGNETISM 


Among laymen, one often hears an expression 
such as ''No one knows what electricity is,” and the 
statement often continues '‘scientists know only how 
to use it.” On the contrary, scientists and physicists 
are able to explain in great detail the nature and 
composition of electricity as well as its relation to 
matter. In fact, more is known about electricity 
than most oilier phenomena of nature, and that 
knowledge has served as a key to unlock doors lead¬ 
ing to further knowledge in other fields which here¬ 
tofore has completely eluded us. 

1~1. The Electron Theory —All matter, whether 
in the solid, liquid, or gaseous state, is regarded as 
being composed of minute bodies called atoms. Un¬ 
til late in the nineteenth century, the atom was con¬ 
sidered to be the ultimate and indivisible particle 
of matter. At that time, a series of ingenious ex¬ 
periments showed that the atom was by no means 
the smallest particle but was actually a complex 
structure in itself, being made up of even smaller 
particles. The atom, it was found, is made up of a 
positively charged nucleus about which revolve a 
number of infinitesimally small negative particles, 
in much the same manner that the planets of our 
solar system revolve around the sun. These tiny 
negative particles, which form the very basis of our 
present conception of electricity, are known as 
electrons. 

As knowledge of nuclear physics advanced, it was 
learned that several other elementary particles in 
addition to the electron are involved in the composi¬ 
tion of the atom. Two of these particles, the proton 
and positron, contain a positive charge, while two 
others, the neutron and neutrino, are uncharged. 
A group of these particles bound tightly together 
form the positively charged nucleus of the atom. 

The electrical charge displayed by an atom, under 
normal conditions, is zero, that is, the positive 
charge of the nucleus is cancelled by the equal nega¬ 
tive charge of the electrons revolving around it. 
The atom is therefore normally in electrical equi¬ 
librium. 

Each of the more than ninety elements known to 
chemistry may be considered as being made up of 
different combinations of the above-mentioned fun¬ 
damental elements of matter. For example, the 
hydrogen atom is made up of a single proton as a 
nucleus about which rotates a single electron. This 
is the simplest atomic structure. A helium atom is 
slightly more complex, being composed of a nucleus 
containing two protons and two neutrons about 
which revolve two electrons. Hence, it can be seen 
that these fundamental particles of matter serve as 


building blocks from which are formed the most 
complex atomic structures, these atomic structures 
in turn forming all the familiar matter of nature. 

1-la. The Electron —In electronic and electri¬ 
cal work, the electron is of major interest because 
the electron is the fundamental unit of electricity, 
that is, the movement of an electron in a conductor 
constitutes a flow of electricity. 

All electrons, whether from an atom of iron, lead, 
mercury, potassium, or any of the other known 
elements, arc identical. An electron removed from 
an atom of iron is precisely the same as an electron 
removed from an atom of gas such as hydrogen or 
helium. 

The electron is an exceedingly minute body, so 
small that the most powerful microscope could not 
make visible hundreds of thousands of them grouped 
together. Nevertheless, considerable knowledge of 
the physical and electrical characteristics of the elec¬ 
tron has been gained. The exact shape of the elec¬ 
tron is not known, but its radius has been found to 
be approximately 2x 10'^^ cm (centimeter). The 
mass of the electron has been found to be approxi¬ 
mately 0.91 X 10““’^ g (gram). Most important of 
the characteristics of the electron, as will become 
evident subsequently, is its electrical charge which 
has been found to be approximately 1.6 X 10 
coulomb. 

The electrons of an atom arc grouped around the 
nucleus in planetary orbits. They are held in place 
by a balance between two forces; one the centrifugal 
force from rotation which tends to force them away 
from the nucleus; the other the attractive force of 
the positive nucleus which tends to draw them to it. 

In relatively complex atoms, where a large num¬ 
ber of electrons are involved in the atomic structure, 
the electrons in the outermost orbits are not strongly 
bound to the nucleus and, by the application of a 
suitable force, a small number of these loosely bound 
electrons may be removed from the atom. When 
this is done, the electron is known as an unbound 
electron. The removal of a few electrons in this 
manner will cause no change in the atom's composi¬ 
tion, that is, the reduced number of electrons will 
not cause it to become a different element. To ac- 
complivsh this, the structure of the nucleus would 
have to be changed. When electrons have been 
removed, the atom will exhibit a slight positive 
charge and will attract to it another unbound elec¬ 
tron which will combine and restore the atom to its 
original state. 

The recombining of an electron with a positively 
charged atom does not occur instantly because the 
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electron does not drop into the place of the missing 
electron and stop suddenly. Instead, it oscillates 
before settling down, and in most cases the fre¬ 
quency of its oscillation produces a wave motion 
of such a frequency that it is visible to the eye. 
These wave motions are called light. The rate of 
oscillation depends on the element; therefore, under 
these circumstances, atoms of different elements 
radiate different colors of light. The radiated color 
is characteristic of that substance, and one of our 
most useful methods of identifying substances de¬ 
pends on such characteristic radiation as the intense 
orange red of neon when excited by an electric cur¬ 
rent in the familiar advertising signs. 

1-2. Static Electricity— A body in which the 
atoms are in electrical equilibrium, that is, the nega¬ 
tive charge of the electrons is equal to the positive 
charge of the nucleus, will be neither negatively nor 
positively electrified. This is the normal condition 
of all bodies. In other words, they are uncharged. 
This electrical balance can often be upset by me¬ 
chanical means, such as friction. Thus it is pos¬ 
sible for a body to acquire a surplus of electrons 
in which case it is said to have a negative charge; 
or it can acciuire a deficiency of electrons in which 
case it is said to be positively charged. 

Three general statements can now be made: 

1. A body having an excess of electrons is said 
to be negatively electrified or charged. 

2. A body having a deficiency of electrons is said 
to be positively electrified or charged. 

3. A body in which the negative charge of the 
electrons and the positive charge of the nucleus are 
equal is said to be uncharged. 

l-2a. Charging a Body by Friction —A very 
simple example of frictional electricity can be dem¬ 
onstrated by the familiar experiment of tearing a 
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PAPER 

Fig. 1—1. Under the influence of the negatively charged 
rubber rod, electrons in the paper move to the under side 
of the paper. 

sheet of paper into small bits and picking them up 
by means of a hard rubber rod which has been 
rubbed with a woolen cloth or fur (Figure 1-1). 
If the rod is clean, the day dry (and preferably 
cold), and the paper thoroughly dried by heating, 
it will be found that bits of paper will jump to the 
rod with surprising alacrity. The friction between 
the rod and wool produces a charge on each. Elec¬ 


trons are removed from the wool by friction and re¬ 
main on the rubber rod. As already stated, how¬ 
ever, the electrons added to the rod do not change 
its atomic structure, neither is there any change 
made in the atomic composition of the wool by re¬ 
moving electrons from it. Nevertheless, from an 
electrical standpoint the rod now has a surplus of 
electrons and is therefore negatively charged, while 
the wool, having lost electrons, has less than its 
normal number and is therefore positively charged. 

l-2b. Relation of Charged Bodies —When the 
negatively charged rubber rod is brought near the 
bits of paper, the paper is attracted because of the 
difference of polarity which exists between the 
paper and rod. In this particular case the rubber 
rod bears a negative charge while the bits of paper, 
although uncharged, represent a positive charge 
with respect to the rod. Attraction between the 
paper and rod results. 

Whenever the charges on two bodies are not 
equal, it is natural for shifts and readjustments to 
occur until a balanced condition is attained. 1'he 
space surrounding the charged rod and paper is 
subjected to a strain enabling it to act on the paper 
with a force which in this case is attractive, as 
manifested by the small bits of paper jumping to 
the rod. The moment they touch the rod, the 
charges on each body become equalized and the at¬ 
tractive force disappears. 

Another simple experiment can be performed with 
a ball of pith cut from a corn stem, and a glass rod. 
If the glass rod is rubbed vigorously with a piece of 
silk and then brought close to the pith ball, it will 
be found that the pith ball is attracted by the glass 
rod. Allow the glass rod to touch the pith ball. 
The ball has now become charged with electricity 
of the same polarity as that of the rod by the con¬ 
tact. It will now be noted that the rod repels the 
pith ball. The condition now exists where like 
charges repel. 

From these experiments the following statements 
can be made. 

1. Unlike charges attract. (Positive and nega¬ 
tive charges attract each other.) 

2. Like charges repel. (A negative charge repels 
a negative charge, likewise a positive charge repels 
a positive charge.) 

3. Whenever a charged body is acted upon by an¬ 
other charged body so as to produce a force, either 
attractive or repulsive, the space surrounding the 
charged body is subject to a strain or stress. The 
space in which this stress occurs is called the elec¬ 
tric field. It is sometimes called an electrostatic 
field. 

The electric field extends in all directions from 
the body, the strength of the field decreasing with 
distance. 

l-2c. Induced Charges —Consider the case of 
the uncharged pith ball. Let it be represented in 
its uncharged condition by Figure 1-2. When the 




ELEMENTARY ELECTRICITY AND MAGNETISM 


3 


charged glass rod was brought near the pith ball the 
negative electrons on the rod, as indicated by B of 
Figure 1-3, repelled the electrons on the side of the 
pith ball nearest the rod giving that side a deficit of 



Fig. 1-2. Uncharged Fig. 1-3. Body A charged 

body. by electro.static induction from 

charged body B. 

electrons and a positive charge, as indicated by the 
small circle A. The other side, to which the elec¬ 
trons rushed, has a negative charge. Removing the 
glass rod allows the electrons to flow back into 
their proper place, thus discharging the body. The 
charge produced on the pith ball is called an induced 
charge. 

The arrangement shown in Figure 1-4 will permit 
that body to hold more than its ordinary amount of 
electrons. Hie lines represent two conductors and 
the space between the lines a nonconductor. If the 
conductors arc charged, it will be seen that they 
attract and hind each other and hence the conductors 
are able to hold a greater number of electrons than 
they could hold if they were not near each other. 



Fig. 1-4. A charged condenser 

It is a general rule that a negatively charged con¬ 
ductor can hold more electrons if there is another 
conductor nearby which is charged positively at the 
same time. Such an arrangement of two oppositely 
charged conductors is called a condenser, because it 
permits us to concentrate, or condense a large 
amount of electricity on each of the two conductors. 
Familiar forms of condensers consist of copper or 
tinfoil separated by mica insulation. An equally 
familiar form uses air insulation and makes one 
plate (or set of plates) movable, so as to vary the 
capacitance, which is the term used to designate the 
ability of the condenser to hold electricity and which 
term has in recent years caused the condenser also 
to be called a capacitor. Such a condenser illus¬ 
trates the point that the capacitance increases as the 
two conductors approach each other. 

l-2d. Potential —When we speak of electric 
potential, we mean electrical pressure. When elec¬ 


trons are crowded upon a conductor, its potential 
rises in just exactly the same manner that the pres¬ 
sure in an automobile tire rises when air is crowded 
into it. It will be seen later that just as we can 
produce air pressure by rotating centrifugal pumps 
or by ordinary plunger pumps, so also we can pro¬ 
duce electrical pressures by a variety of means, in¬ 
cluding batteries and generators. We have already 
seen how a small electrical pressure can be created 
by rubbing a glass rod with a silk cloth and how this 
pressure tends to drive electricity from one point to 
another so forcibly as to carry light substances with 
it. We will see later how the pressures created by 
batteries and generators will cause large currents 
of electricity to flow and thereby to operate all the 
machinery of radio transmission and reception. 

l-2e. Electrons and Difference of Potential— 
Consider a pair of charged bodies as shown in the 
top portion of Figure 1-5 as A and B, A has an 
excess of electrons; thus it has a force trying to dis¬ 
charge electrons—it has a negative potential. B has 
a deficit of electrons, thus it lias a force trying to 
attract electrons—it has a positive potential. If 
given a path, electrons would flow from A to B. 
Consequently the flow of electrons would constitute 
a flow of electric current, as electrons really are the 
current. The number of electrons flowing from A 
to B would depend upon the difference of potential 
between A and B, The electrons would continue to 
flow until there was no longer a difference of poten¬ 
tial, that is, A and B would then have the same num¬ 
ber of electrons. 

Consider the pair C and D. Both have a nega¬ 
tive potential, but C has a larger negative potential 
than D since it has relatively more electrons than D, 
Hence, there is a difference of potential equal to 
potential C minus potential D, If given a path, the 
electrons would flow from C to D and the move¬ 
ment of electrons would constitute a flow of current 
from C to D. 

l“2f. Lightning, a Movement of Electrons— 

When a cloud and the earth are oppositely charged, 
there is a possibility of a lightning discharge occa¬ 
sioned by the readjustment of electrons in order to 
restore the cloud to an uncharged condition. As 
the charges on earth and cloud arc increased, or as 
the distance between them becomes less, a potential 
sufficiently high to permit the electrons to discharge 
from one body to the other (the actual direction 
depending on the polarity of the charges on the 
earth and cloud) is reached. In their passage, the 
electrons collide with air molecules and, as a result 
of these collisions, electrons arc often knocked out 
of the air molecules. A molecule which has thus 
lost an electron displays a positive charge and is 
known as an ton. The removed electron joins the 
other electrons in their flight while the ion, because 
of its positive charge, proceeds in the opposite direc¬ 
tion. With electrons moving in one direction and 
ions in the opposite direction majiy other collisions 
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Fig. 1-S. Direction of electron flow, if a path were provided, between bodies charged 
at different potentials. 


occur, one result of which is the recombining of 
electrons with ions, thus restoring the ions to their 
uncharged state. As explained in a previous para¬ 
graph, the electron does not instantly recombine with 
the ion but instead oscillates before settling down. 
The frequency at which it oscillates is such as to 
produce a wave motion which can be seen as a flash 
of light. Many thousands of such collisions occur 
during the discharge period and consequently the 
intensity of the flash is enormous. 

1-3. The Electric Current—It has already been 
shown in preceding paragraphs that some of the 
loosely bound electrons can be torn loose from an 
atom if suitable force is applied. It has also been 
shown that unlike electrical charges attract while 
like charges repel. 

Let us assume that a metal wire is connected 
across the terminals of a source of electrical poten¬ 
tial as shown in Figure 1-6. A battery is shown 
in this illustration, but any other source of electrical 
potential would also be suitable. It will be noted 
that the battery causes a positive potential to be 
applied to one end of the wire and a negative poten¬ 
tial to the other end. Under these circumstances, 
the loosely bound electrons in the atoms of the wire 
are attracted by the positive charge at one end of 
the wire and repelled by the negative charge at the 
other end. Some of these electrons, therefore, are 
torn loose, and a slow and orderly drift of the 
loosely bound electrons (which are now unbound 
electrons) through the wire toward the positive 
terminal of the battery results. Upon reaching the 
positive terminal, this flow of electrons continues 
through the battery and back through the conductor. 

The actual number of electrons moving under the 
influence of the charge is determined by the magni¬ 
tude of the electrical pressure. If a large pressure 


is applied, the force is great enough to dislodge 
many electrons and the number of moving electrons 
is high. With small pressure, the number of mov¬ 
ing electrons is low. 

Although electricity is assumed to travel at the 
speed of light, the movement or drift of the elec¬ 
trons through a conductor is (|uitc slow, being in the 
order of a fraction of a centimeter per second. It 



Fig. 1-6. Flow of electrons through conductor is in 
negative to positive direction. 

is the simultaneous movement of electrons at all 
points along the entire length of a conductor that 
makes the current effective at great distances at 
incredibly fast speeds. 

The movement of electrons through the wire con¬ 
stitutes a flow of electric current. It will be re¬ 
called that each electron contains a small electric 
charge expressed as 1.6 X 10-^® coulomb. The cou¬ 
lomb, symbol Q, is the unit of electrical quantity. 
The practical unit of current flow is the ampere, 
which is the rate that the current flows past a given 
point in the circuit each second; that is, the number 
of coulombs flowing per second. 
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l-3a. Direction of Current and Electron Flow 

—Before the discovery of the electron, it was as¬ 
sumed that the flow of current was from the point 
of positive potential to the point of negative poten¬ 
tial. At this date, however, all scientists agree that 
the electrons in motion are the current and therefore 
current flows from a negative to a positive potential. 
Later on it will be shown how well this fits in with 
the explanation of the movement of electrons in a 
vacuum tube. 

l-3b. Conductors and Nonconductors —In or¬ 
der for an electric current to flow, it is necessary 
that a suitable path be provided. Some materials, 
notably pure metals, are made up of atoms in which 
a large number of the outermost electrons are 
loosely bound and therefore move freely through the 
material when a potential is applied. These mate¬ 
rials are known as conductors. Other materials 
are made up of atoms in which all the electrons are 
closely bound to the nucleus, practically no electrons 
being free to move when a potential is applied. 
Such a material obviously will permit very few. if 
any, electrons to move and is therefore a non¬ 
conductor. Other terms applied to nonconductors 
are “insulators** and “dielectrics.** 

Different materials permit varying degrees of 
conductivity; therefore, some materials are good 
conductors, others are poor conductors, whereas still 
others are nonconductors. 

1-4. Units of Electrical Measurement 

1. Current. Electrical current strength is meas¬ 
ured in amperes. One ampere is flowing when 
6,250,000,000,000,000,000 electrons pass a given 
point in a circuit in one second. This gives some 
idea of the very .small electrical charge on a single 
electron. The electrical symbol for current is /. 

2 Pressure. The difference of potential between 
two bodies or between two points of the same body 
is measured in ifolts. Because a difference of po¬ 
tential will always cause a current to flow, provided 
a path is furnished, it is also called electromotive 
force (e.m.f.), the force of which makes the elec¬ 
trons move. Therefore, a volt is the unit of e.m.f. 
The electrical symbol for electromotive force is E. 

3. Resistance. The property of a material by 
which it opposes the passage of an electrical current 
is called resistance and is measured in ohms. The 
electrical symbol for resistance is R. The resist¬ 
ance of a column of pure mercury 106.3 cm long, 
weighing 14.4521 g, at a temperature of 32° F, is 
one ohm. Since the resistance of any metal rises 
when the metal is heated, our standard ohm must 
always be measured at the same temperature; for 
this reason, the temperature of 32° F (0® C) has 
been chosen. 

The resistance of a conductor depends upon the 
material in the conductor, the length of the con¬ 
ductor, the cross-sectional area, and to some extent 
upon the temperature of the conductor. To be 
exact, it increases with the length of the conductor 


and decreases with an increase of cross-sectional 
area. Resistance also increases as the frequency is 
increased. 

1-5. Ohm’s Law —A simple relationship exists 
between voltage, current, and resistance. This 
relationship, which is knowm as Ohm*s law, makes 
it possible to find any one value if the other two are 
known. Ohm*s law states; 



that is, current (in amperes) equals electromotive 
force (in volts) divided by resistance (in ohms). 

By transposing, Ohm*s law can be stated in three 
ways, as follows: 


STANDARD UNITS 

FORMULAS 

KXAMPLES 

^ Volts 

An.per«-^^— 


^ ^ 10 Volts 

Volts "Ohms XAmperes 

IR^E 

5 Ampere.s X2 Ohms -10 Volts 

... Volt^ 

Ohms - 

Amperes 

-4 

. ... 10 Volts 

2 Ohms - 

5 Amperes 


1-6. Production of Electric Current —From 
the foregoing discussion it is seen that a current will 
flow through a conductor if there is a difiference of 
potential created. The current will be maintained 
if the difference of potential is maintained. Take a 
zinc and a copper rod and immerse them in a sul¬ 
phuric acid solution. Test the ends of the copper 
and zinc for charges and it will be found that the 
copper has a positive charge and the zinc a negative 
charge. Therefore, a difference of potential exists. 
Connect the copper and zinc by a wire and a current 
will flow. Disconnect the wire and test the copper 
and zinc again. The result will be the .same, that is, 
this combination will maintain a difference of po¬ 
tential and hence will produce a steady current. 

The sulphuric acid attacks the zinc (chemical ac¬ 
tion) and gives it electrons, taking them away from 
the copper. Such an arrangement is called a cell. 
(See Figure 1-6.) Two or more cells together arc 
called a battery. There are many combinations of 
materials that will give the same result. The com¬ 
bination always consists of two dissimilar metals 
and an acidic or basic solution. The voltage of 
such a cell is never greater than 2 volts. Such cells 
are called primary cells. The difference between a 
primary cell and a storage cell lies in the fact that 
the primary cell cannot be renewed by passing an 
electric current through it while a storage cell can. 
Zinc is employed in all cells, other than storage 
cells, in common u.se. It is always the negajive pole 
or terminal. The positive pole is usually copper or 
carbon. 

l-6a. Series and Parallel Connections 

Cells. Cells may be connected in series or parallel 
(Figure 1-7). When connected in series the re¬ 
sultant voltage is the sum of the voltages of each 
cell. When connected in parallel the resultant volt¬ 
age is the same as that of one cell but the current 
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obtainable is the sum of the current obtainable from 
each cell. 

Resistances, Resistances connected in series have 
a greater resistance than any one alone. Their total 
resistance is the sum of the individual resistances, 
that is: 


R Ri + K 2 + Rz 

Two resistances connected in parallel have a 
smaller total resistance than either of them. If they 
are of equal values, the total resistance is one half 
of the resistance of one. If there are three re¬ 
sistances of equal values the total resistance would 
be one third of the resistance of one. 
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PARALLEL CONNECTION OF CELLS 


Fig. 1-7. Scries and parallel connection of cells. 


When the resistances are of uneciual values their 
total resistance may be computed as follows: 



— + — 4- ~ 

Ri Ra ^ Rz 


where R = the total resistance. 

Example: Resistances of 4 ohms, 6 ohms and 8 
ohms are placed in scries. Their total resistance is 
446 + 8=18 ohms. Connected in parallel, their 
total resistance is: 


R « 


1 + 1 + 1 
4 ^ 6 ^ 8 


11 

24 


1.8 ohms 


It can be .seen that two or more resistances in 
parallel will conduct an electric current more freely 
than one. 


l-6b. Effects of Current —The passage of cur¬ 
rent through a conductor can be determined by two 
principal effects: 

1. Heating effect. 

2. Magnetic effect. 

When a current of electricity flows through a con¬ 
ductor, it encounters frictional resistance and a cer¬ 
tain amount of energy is transformed into heat. 
The heat generated increases directly as the resist¬ 
ance; also the heat generated increases directly as 
the square of the current, and the time during which 
the current flows. This is expressed: 

/ = /- X RT 

where J is the joule 
I the current 
R the resistance 
T the time in seconds 

The joule is defined as that amount of energy 
which is expended during one second by a current 
of one ampere flowing through a resistance of one 
ohm. The joule per second is the practical unit of 
electrical power which has been named the watt, 
the symbol for which is IV. 

Since power is the rate of doing work per unit of 
time, one watt per second would equal one joule. 
The power may be also exjircssed in the units of 
electromotive force and current strength. 1'he 
power in watts in a given circuit in which direct 

RESISTANCES IN SERIES 
4 OHMS 6 OHMS 8 OHMS 

-VWWV-VWWV-WWW- 

TOTAL RESISTANCE 10 OHMS 


Ri 

4 OHMS 



RESISTANCES IN PARALLEL 
TOTAL RESISTANCE 1.846 OHMS 


Fig, 1-8. Series and parallel connection of resistance. 

current is flowing is equal to the product obtained 
by multiplying the current in amperes by the electro¬ 
motive force in volts or: 

Watts = 7 X R 

1-7. Magnetism—The magnetic effect resulting 
from the flow of current through a conductor may 
be described as follows; 

Figure 1-9 shows a coil of wire wound around a 
soft iron bar and carrying a steady current fur¬ 
nished by the battery. While the current is flowing, 
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the bar will be found to have acquired the power to 
attract pieces of small steel or iron. If the current 
from the battery is broken, the bar will lose the 
power of attraction for the iron or steel. Thus the 
current flowing through the solenoid has given it a 
new property called magnetism, and since it has this 
property only when the electric current flows, it is 
called an electromagnet. 



Flu. 1-9. Electromagnet. 


If the bar of soft iron is replaced by a bar of hard 
steel and the current is permitted to flow through 
the solenoid for a short length of time, it will be 
found that the steel retains the property of attrac¬ 
tion long after the battery circuit is broken. A bar 
of magnetized steel which retains its magnetism is 
called a permanent magnet. 

It will be found that the iron likewi.se has retained 
the property of attraction, but to a much smaller 
degree than the hard steel. The steel is said to have 
a high degree of retentivity, while the iron has but 
little retentivity, 

I'he lines of force retained by a piece of iron 
after the magnetizing current has been di.scontinued 
are called the residual lines of force, and the iron is 
said to have residual magnetism. Residual mag¬ 
netism plays an important role in the operation of 
some types of generators which will be described 
later. 

If a permanent magnet is placed into a box of 
iron filings, it will be noticed that there are two 
places on the magnet to which the iron filings cling 
most strongly. These are near the ends of the bar 
and arc called the poles of the magnet. 





. TRUE 
' NORTH 


MAGNETIC 
■ NORTH 


Fiu. 1-10. Suspentlcd magnet attracted by earth’s 
magnetic pule. 


The poles always appear in pairs and are called 
the north pole and south pole because of the fol- 
following fact: If the magnet is suspended in such a 
way that it is balanced and free to turn in a hori¬ 
zontal plane as in Figure 1-10, it will be noted that 
the magnet will always come to rest pointing in an 
approximate north-south line. The same end or 
pole will always point northward; this is called the 
north or north-seeking pole, while the other end is 
called the south or south-seeking pole. 


The following experiment will indicate the power 
of attraction and repulsion of the poles of magnets. 
The north pole of the suspended magnet will be 
repelled when approached by the north pole of an¬ 
other magnet; likewise, the south pole will be re¬ 
pelled when approached by another south pole, 
whereas if the north pole is approached by a south 
pole the suspended magnet will be attracted. If the 
south pole of the suspended magnet is approached 
by a north pole the suspended magnet will again be 
attracted. From this experiment it will be found 
that like poles repel; unlike poles attract. This 
clarifies somewhat a statement in the preceding 
paragraph wherein it was noted that the end of the 
magnet pointing toward the earth’s north pole was 
the north-seeking pole. It is commonly called the 
north pole of the magnet, but according to the the¬ 
ory of attraction and repulsion, a north pole could 
not be attracted by the earth’s north magnetic pole. 
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Fig. 1-11. Magnetic fields. 

l-7a. Angle of Declination —A magnet bal¬ 
anced upon a pivot and free to swing in a hori¬ 
zontal plane is called a compass. It aligns itself in 
a north and south direction. This is explained by 
the fact that the earth has magnetic poles. These 
magnetic poles are near, but do not exactly coincide 
with, the geographical poles. Hence, there is an 
angle between true north and the direction in which 
the compass points, magnetic north. This angle is 
called the angle of declination. 

l-7b. Magnetic Field —If the field surrounding 
a magnet were to be examined (this can be done 
with the aid of iron filings), it would be found to 
consist of closed lines known as magnetic lines of 
force. These magnetic lines of force extend into 
the space surrounding the magnet, starting at the 
north pole, re-entering the magnet at the south pole, 
and returning through the magnet to the north pole 
(Figure 1-11). The shape of*the external field 
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may be altered somewhat by the presence of near-by 
magnetic substances. The space through which the 
lines of force pass is called the magnetic field. 

l-7c. Permeability —The extent to which a 
body will be acted upon by a magnet depends upon 
its ability to carry magnetic lines of force. This 
property of carrying lines of force is called perme¬ 
ability, Different kinds of iron have different de¬ 
grees of permeability. The magnetic strength of 
an electromagnet or solenoid varies as the product 
of the amperes passing through the conductor and 
the number of turns of wire, commonly called 
ampere turns. For example 100 amperes flowing 
through 50 turns of wire gives the same magnetic 
field as 20 amperes flowing through 250 turns, for 
100 X 50 and 20 X 250 both equal 5000. 

The magnetic strength of such a coil is also de¬ 
pendent upon the permeability of the iron; that is, 
the iron, in effect, increases many times the lines of 
force. 

l-7d. The Molecular Theory of Magnetism— 

The following experiments provide a basis for the 
presently accepted theory of magnetism. 

1. Take a magnet and strike it repeatedly. The mag¬ 
netism will gradually disappear. 

2. Take a bar magnet and cut it into small pieces. 
Each piece, no matter how small, will be a magnet. 

3. Take a magnet and heat it. The magnet becomes 
very much weaker and eventually loses its magnetism. 

4. Take a piece of steel and stroke it with a magnet. 
I'he steel will become a permanent magnet. 

When it is remembered that heat is caused by the 
rapid vibration of the molecules of which a body is 
composed, and that the final division in cutting a 
magnet into minute pieces would also reduce it to 
molecules (if this were possible) it is easy to draw 



Fit;. l“12a. Arrangement of molecules in unmagnetized 
iron bar. 



Fig. 1-12b. Arrangement of molecules when iron bar 
is magnetized. 

the conclusion that each individual molecule of 
which the material is composed is actually a small 
magnet. Hence, this theory is known as the mo¬ 
lecular theory of magnetism. 


According to the molecular theory of magnetism, 
it is assumed that each molecule of a magnetic mate¬ 
rial is a small magnet possessing a north and south 
pole. If this is true, then why is it that a bar of 
iron is not always a magnet ? 

Consider the diagram of Figure l-12a. The 
small lines represent the molecules. It is seen that 
if they are arranged in a haphazard manner the lines 
of force emanating from one molecular magnet go 
to the nearest south pole of another molecular mag¬ 
net and so on back to their origin without extending 
outside the iron bar. Hence, there are no magnetic 
lines of force outside the iron bar. Therefore, it 
is not a magnet. 

If the iron bar is magnetized, the molecules ar¬ 
range themselves in an orderly manner, as shown 
in Figure 1-12b. The magnetic lines of force ema¬ 
nating from one molecular magnet pass to the next 
one, and then to the next, and to get back to their 
source must go outside the iron, for they cannot 
double back on themselves. Hence, the iron bar is 
now a magnet. 



Fig. 1-13. Meter with D'Arsonval movement. 


1-8. Voltmeters and Ammeters— The fact that 
an electric current is surrounded by a magnetic field 
is used in the construction of voltmeters and am¬ 
meters. The simplest kind of an ammeter is made 
by placing a compass in the center of a coil of wire. 
The greater the strength of current, the greater the 
needle deflection. 

Another type of ammeter, and the one most com¬ 
monly used, is made by having the magnet station¬ 
ary and the coil movable. The moving coil prin¬ 
ciple was developed by a French scientist named 
D'Arsonval and is therefore known as the D'Arson¬ 
val movement. Figure 1-13 shows the arrangement 
of this instrument. 

Between the pole faces of a permanent magnet is 
placed an iron core, allowing a gap between it and 
the pole faces large enough to permit an aluminum 
frame to swing freely. On this frame is wound a 
coil of very fine wire, through which a certain per¬ 
centage of the current to be measured passes. As 
this current passes through the coil, the coil becomes 
an electromagnet with north and south poles which 
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are immediately affected by the north and south 
poles of the permanent magnet. Obeying the mag¬ 
netic law that like poles repel and unlike poles at¬ 
tract, the north end of the electromagnet is drawn 
toward the south pole of the permanent magnet and 
vice versa—which results in the aluminum frame 
being moved and the pointer attached to the frame 
moving across the scale. Every meter of this type 
is in reality a millivoltmeter (millivolt—1/1000 of a 
volt) as the coil is built in such a manner that a 
small current flowing through it causes the action 
described. 

Permanent magnets can be weakened by jarring 
and age; hence, high grade meters use carefully 
aged tungsten steel magnets. 

l~8a. Use of Shunt and Multiplier —A volt¬ 
meter is always shunted (connected in parallel) 
across the load whose voltage is to be measured. 
The voltmeter has a very high resistance, some¬ 
times requiring the use of an external series resistor. 
When possible, this resistance is mounted within the 
meter case. Because of its high resistance, the 
voltmeter requires a very small current for its 
operation. 

The ammeter is always connected in scries with 
the load. It has a low resistance. In some am¬ 
meters only a fractional part of the total current 
passes through the coil, the remainder being con¬ 
ducted by a .shunt which is calibrated for the par¬ 
ticular ammeter. 

An example will .show how these meter resistances 
and shunts are calibrated. 

Let us assume that the coil of a meter is wound 
with 10 ft of fine wire having a resistance of 10 
ohms. It is found by experiment that 0.1 volt 
(100 millivolts) is required to move the needle of 
the meter to full-scale deflection. Then, according 
to Ohm’s law, I = E/R, or / = 0,1/10 = 0.01 amp, 
the current required to cause full-scale deflection. 



Fit;. 1-14. Method of connecting voltmeter and am¬ 
meter. Voltmeter employing resistor and ammeter employ¬ 
ing shunt. 

If it is desired to use the above meter in an appli¬ 
cation where the full scale reading is to be 5 amp, 
it is necessary to connect a shunt across the meter 
to carry a large portion of the current. In this 
case, the shunt must have a resi.stance value such 


that 4.99 amp will flow through the shunt, while 
only 0.01 amp flows through the meter. Figure 
1-14 shows such an arrangement. The resistance 
of the shunt must be 1/499 of the meter resistance, 
or in this case 10/499 = 0.02004 ohm. 

1-9. Telephone Receivers —The telephone re¬ 
ceiver illustrates another application of the property 
of magnetism. The telephone receiver, as used for 
telephone work, consists of a case containing a per¬ 
manent horseshoe mzignet, two coils of wire, and a 
soft-iron diaphragm, the latter being clamped by its 
rim with its plane at right angles and close to, but 
not touching, the poles of the permanent magnet. 
The extensions on the permanent magnet are fitted 
with bobbins which are wound with many turns of 
fine wire. The diaphragm is left free to vibrate 
except at its rim. The distance from the pole 
pieces to the diaphragm is normally fifteen thou¬ 
sandths of an inch (.015 inch). ( See Figure 1-15.) 

PULL EXERTED NORMALLY ON DIAPHRAGM BY MAGNET 



Fig. 1-15. Construction of telephone receiver. 

The action of the receiver is as follows; The per¬ 
manent magnet attracts the diaphragm of the re¬ 
ceiver, holding it under a steady attraction. If a 
varying or alternating current passes through the 
coils of the receiver, the strength of the magnet¬ 
ism is varied. The pull on the diaphragm is there¬ 
fore varied and, if the changes in the current pass¬ 
ing through the coils are rapid, they will cause the 
diaphragm to vibrate accordingly. Thus, if the cur¬ 
rent passing through the coils is varied at the fre¬ 
quencies used in speech, the diaphragm will vibrate 
accordingly, reproducing the voice of the speaker. 

The diaphragm is lacquered on one side and 
enameled on the other. As the efficiency of a re¬ 
ceiver depends greatly upon the smallest practical 
air gap, the side nearer the magnet is coated with 
lacquer, which is much thinner than the coat of 
enamel on the other side. The lacquer and enamel 
serve to protect the diaphragm from rust. The pole 
pieces of the magnet are lacquered for the same 
purpose. 

As the receiver has a permanent north and south 
pole, current flowing in a given direction will cither 
increase or decrease the strength of both poles, the 
coils being so connected to accomplish this. 

The distinctive features of telephone receivers for 
radio work are lightness of the moving parts and 
the employment of a great many turns of wire 
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around the magnet poles. The lightness of the 
diaphragm enables it to follow and respond to rapid 
pulsations of current. The large numbers of turns 
of wire causes a relatively large magnetic field to 
be produced by a feeble current. 

1-10. Induction—^An important discovery in 
electricity revealed the fact that a magnetic field in 
motion would cause a movement of electrons, that 
is, produce a flow of electric current (Figure 1-16). 
The following experiment will illustrate this fact. 



Fin. 1-16. Electron in motion produces magnetic lines 
of force. 

I'ake a coil of wire, as in Figure 1-17, lower a 
magnet end into the coil. The pointer of the milli- 
amnieter will move, indicating the presence of a cur¬ 
rent. It will quickly come to rest. Draw out the 
magnet. The needle moves again; but this time in 
the opposite direction. Reverse the magnet and 
repeat the above. It will be found that the meter 
pointer moves, but in the opposite direction to its 
movement before the magnet was reversed. Use 
two magnets. The meter pointer deflects farther 
than with a single magnet. Try moving the magnet 
faster and slower; the faster it moves the more the 
needle movc.s—i.e., the stronger the current. Notice 

^ MAGNET 





Fig. 1-17. Production of current by electromagnetic 
induction. 

that a current flows only when there is relative 
movement between the magnet and the coil. Try 
moving the coil instead of the magnet—the results 
are the same. 

Substitute a piece of unmagnetized steel for the 
magnet. There is no current. The difference be¬ 
tween the magnet and the unmagnetized steel is that 
the magnet is surrounded by magnetic lines of force. 


These experiments show that whenever a con¬ 
ductor is cut by magnetic lines of force there is a 
current produced by electromagnetic induction. In¬ 
vestigate further by having a current produce the 
magnetic lines of force, they in turn producing a 
current. Substitute an electromagnet for the mag¬ 
net used in the previous experiment. Arrange a 
circuit as in Figure 1-18. Press the key. The 
meter pointer moves in one direction and then comes 
to rest. Break the current by means of the key— 
the meter moves in the opposite direction and then 
conics to rest. Insert an iron core in the coil of 
wire. The results are similar but the current in¬ 
duced is much stronger. 

In this experiment the conductor has been cut by 
magnetic lines of force. The circuit with the key 
is called the primary circuit; the other, the second¬ 
ary circuit. Closing the circuit in the primary al¬ 
lows a current to pass which sets up a magnetic 
field. This magnetic field cuts the secondary, thus 
inducing a current. When the primary circuit is 
broken, the magnetic field collapses, and the sec¬ 
ondary is again cut by lines of force, this time in 
the opposite direction. 



Fig. 1-18. When current is started or stopped in the 
primary circuit a voltage is induced in the secondary by 
electromagnetic induction. 

All these experiments produce current by electro¬ 
magnetic induction. The facts of electromagnetic 
induction may be summed up as follows: 

Whenever variable magnetic lines of force cut a 
conductor or a closed circuit made by a conductor, 
there is created in the conductor an e.m.f. whose 
direction is such as to oppose the e.m.f. that pro¬ 
duced it. The value of this back e.m.f. is propor¬ 
tional to the rate of change of the lines of force. 

1-lOa. Self-Induction — Consider the circuit 
shown in Figure 1-19. Close the key, and a cur¬ 
rent will flow through the circuit. This current 
does not flow instantaneously. It reaches point A 
before B. The current passing through the turns 
of the coil sets up magnetic lines of force which cut 
the turns of wire, producing an e.m.f. whose direc¬ 
tion is such as to oppose the passage of the original 
current in the circuit. When the key is opened, the 
lines of force collapse on the coil, inducing an e.m.f. 
in the same direction as the original current tending 
to keep the current flowing. Induction in the same 
circuit is called self-induction. 
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1-lOb. Mutual Induction —Mutual induction is 
the interaction between two circuits by which a 
changing current in one sets up through electro¬ 
magnetic induction a current in the other. Con¬ 
sider the circuit in Figure 1-20. Whenever the 
current is started, stopped, or varied in the primary 
coil, the magnetic lines of force set up around it 
cut the windings of the secondary, inducing an 
e.m.f. in the secondary circuit. A transfer of elec¬ 
trical energy has taken place between two circuits 
which have no electrical conducting path between 
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Fi(.. 1-14. Counter e.m.f. of self-induction. 


them. Induction between two separate circuits is 
called mutual induction. 

The mutual induction of two given circuit^ de¬ 
pends upon the size and construction of the circuits, 
their distance apart, their relative positions in space, 
and the nature of the-material between them. All 
these factors necessarily affect the magnetic flux 
interlinked with both circuits. The effects of mu¬ 
tual inductance fall off rapidly as the distance be¬ 
tween two circuits is increased. Mutual inductance 
is measured in the same unit as sclf-inductance. 



Fi(., J-20. Induced current by mutual induction. 


Mutual inductance is of importance in radio cir¬ 
cuits. The plicnomena of mutual inductance are 
the essential principles involved in the operation of 
many different types of electrical apparatus, of 
which .some are considered in the following pages. 

1-11. Inductance —Inductance is electrical in¬ 
ertia and is defined as that property of a circuit 
which opposes a change in flow of current through 
the circuit. 

Opposition to a change in the flow of current de¬ 
pends upon the amount of self-inductance or upon 
the combined amount of sclf-inductance and mutual 
inductance. The inductance of a circuit is, there¬ 
fore, the amount of self-inductance it possesses plus 
any mutual inductance which it may also possess. 
The unit of inductance is the henry, abbreviation 
for which is h. 


A circuit has an inductance of one henry when a 
current changing at the rate of one ampere per 
second induces an e.m.f. of one volt. 

At radio frequencies where small values of induc¬ 
tance are employed the unit is subdivided and ex¬ 
pressed as follows: 

1 millihenry (mh)—.001 h. 

1 microhenry (^ith)—.000001 h. 

In self-induction this e.m.f. is set up as a counter 
e.m.f. in the circuit itself; in mutual induction, it is 
set up in the .secondary circuit. In either case its 
effect is to oppose any change of flow of current 
through the circuit and is the mea.surement of oppo¬ 
sition to that change. In any given conductor, the 
time it takes for the current to build up to its maxi¬ 
mum or to decrease to zero is influenced by the 
opposition to its increase or decrease in strength, 
that is, it is influenced by the inductance of the con¬ 
ductor. The greater the inductance, the longer the 
time required for the current to reach its maximum 
strength. 

The inductance of a circuit, conductor, coil, or of 
any apparatus is a property of that device, just as 
resi.stance is one of its properties. 'I'he impressed 
voltage does not affect the inductance. A conductor 
has inductance whether or not current flows in it. 

1-lla. Practical Forms of Inductors— The in¬ 
ductors most commonly emj)loyed at radio fretiuen- 
cies consist of a single-layer coil wound as an air- 
core solenoid. Other forms consist of multi-layer 
coils either in the form of spider web or honeycomb 
coil, so called because of their physical construction. 
In addition there have appeared the toroidal and 
the binocular coil, so called because of their shape. 

I'he extent of the magnetic field can be greatly 
restricted by altering the shape of the coil. By 
bending the coil into the shape of a “toroid'^ as b, 
Figure 1-21, the field or magnetic flux is circulated 
around the center of the coil and confined to the 
limits of the coil. 

Another scheme used to confine the magnetic field 
of a coil is the binocular coil. This form of coil is 
shown in c. Figure 1-21. Here the coil is divided 
in two with the two halves placed side by side, the 
windings of each being connected in series. The 
flux passes through one half and returns through the 
other half. Both the toroid and the binocular type 
coils are used in older radio receivers and their 
purpose is to confine the magnetic fields of the coils 
to prevent their reaction on earlier stages of 
amplification. 

Iron-core inductors are made by winding many 
turns of wire on an iron core. The core may be 
the open or closed type. It is usually found in 
audio-frequency circuits. Hie u.se of such coils will 
be shown in later chapters. 

1-12. Capacitance —When water is poured into 
a container, the pressure in the container depends on 
how high the level of the waterds raised; the pres- 






12 


RADIO MANUAL 


sure will be directly proportional to the quantity of 
water in the container, and inversely proportional 
to the container’s size and shape. The size and 
shape will qualify what might be called the capacity 
for water of the container. If the container is con¬ 
nected to a tank containing water, a discharge will 
flow into it until the levels or pressures are the same 
in both, and the greater the capacity of the con¬ 
tainer the more water will flow into it to equalize the 
pressures. 



a—Single layer solenoid. 



b—Toroidal coU. 



c—Binocular coil. 

Fig. 1-21. Practical forms of inductance coils .showing 
electromagnetic field surrounding each. 

l-12a. Dielectric Current—Similarly, if a per¬ 
fect insulating material, with no other conductors 
near by, is charged by connecting it by contact or 
by a wire to a source of e.m.f., a charge will flow 
into it until the two are at the same potential. A 
small sensitive indicator of current connected as in 
Figure 1-22 will show a sudden deflection each time 
the key is closed and will soon return to zero. The 
momentary flow of current is due to the production 
of an electric strain or displacement of electricity. 
'Phis is resisted by an elastic reaction of the insula¬ 
tor that may be called electric stress. Because of 
this reaction of the electric .stress, the electric strain 
due to a steady applied e.m.f. reaches a steady value, 
and the current becomes zero. When the electric 
strain is allowed to diminish a current again exists 
in the opposite direction. A current of this kind, 
called a displacement current, exists only when the 
electric strain or displacement is changing. When 
considering the existence of electric strain or dis¬ 


placement in an insulating material, the material is 
called a dielectric and the displacement current is 
sometimes called a dielectric current. The electric 
displacement is a movement of electrons, with the 



Fig. 1-22. Production of displacement current 
in a condenser. 


positive elements of each molecule of the substance 
gathered at one end, and the electrons at the other. 
A dielectric in such a strained condition possesses a 
charge of electricity and is sometimes called elec¬ 
tricity in electrostatic form, or electricity at rest. 

l-12b. Condensers—A condenser, or capacitor, 
is constructed of several conductors placed parallel 
to each other and separated by an insulator called 
the dielectric. It usually takes the form of one 
metallic plate, or set of plates, joined together and 
separated from a similar plate or set of plates by a 
dielectric glass, ebonite, parafiin, oil, mica or air. 

The capacitance of a condenser depends on: 

(a) The area of the plates. 

(&) The distance between the plates. 

(c) The material of the dielectric. 

If an experiment is made of the effectiveness of 
glass and air as the dielectric, it will be found that 
the glass increases the capacitance 4 to 10 times as 
much as air. 

The dielectric constant of a substance is, there¬ 
fore, its effect when used as a dielectric as compared 
with an air dielectric. The following table shows 
the dielectric constants of .several materials. 


Dielectric 

Material Constant 

Air. 1.0 

Glass. 4.0 to 10 

Mica.4.0 to 8 

Hard rubber. 2.0 lo 4 

Paraffin. 2 to 

Paper, dry... 1..S to 3 

Paper (treated as used in cables). 2..S to 4 

Moulded insulating material, shellac base... 4 to 7 

Moulded insulating material, “Bakelite”.... 5 to 7.5 

Transformer oil. 2.5 

Polystyrene. 2.5 to 3 

Mycalex. 8.0 

Fused quartz.4.0 

Isolantite. 6.1 


A wide variation is seen in the values given for 
some materials. The different grades and kinds of 
materials vary considerably in their physical proper¬ 
ties, including their electrical properties. For in¬ 
stance, glass used for photographic plates has a 
higher dielectric constant than that of common 
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window glass. Moulded insulating material, known 
to the trade as bakelite, has a much higher dielectric 
constant than substitutes commonly spoken of as 
moulded mud. 

If the applied voltage is from a source of alter¬ 
nating current, the values of dielectric constant may 
differ from the values obtained with direct current. 
This is particularly true if the alternating current 
has a very high frequency, such as used in radio 
communication. 

Dielectric materials are not perfect insulators but 
do have a very small conductivity. A charge in a 
condenser will be slowly dissipated if allowed to 
stand with its terminals disconnected. This is called 
leakage. A condenser in which the dielectric is 
paper which has not been properly treated will some¬ 
times discharge within a few minutes because of 
leakage. The lower the leakage, the longer the 
charge will remain in the condenser. 

The thinner the dielectric, everything else re¬ 
maining equal, the greater the capacitance. The 
breaking-down potential of a dielectric depends upon 
its thickness as well as the material; consequent!v, 
the thickness of the dielectric which must be used 
depends on the potential strain it will be required to 
stand, as well as the material used. Thus, the di¬ 
electric strength is measured by the voltage which 
will break dowm the insulation of a unit thickness of 
the material. The values vary somewhat according 
to the shape of the electrodes between which the 
dielectric is placed. I'hus, when capacitance is in¬ 
creased by decreasing the thickness of the dielectric 
for a given potential, there is a certain thickness for 
each dielectric that may be used, and the best di¬ 
electric has not necessarily the highest dielectric 
strength. 

The larger the capacitance of a condenser, the 
greater the charge required to bring it to a given 
potential. Thus, the potential is directly propor¬ 
tional to the charge and inversely proportional to 
the capacitance, or in symbols: 

E = or C = or () = C X £ 

( t 

where E = potential 

Q = quantity or charge 
C = capacitance 

Unit capacitance would be that of a condenser 
which is raised to unit potential by unit charge. The 
practical unit of capacitance is called the farad, the 
abbreviation for which is f. A condenser whose 
capacitance is one farad would be raised to a poten¬ 
tial of one volt by a charge of one coulomb. A 
farad is far too large a unit for ordinary purposes 
and the following subdivisions are generally em¬ 
ployed in practice: 

fx{ =.000001 farad, 

i/iftf*= .000000000001 farad. 

1 Sometimes written “pfd" meaning picofarad. 


l-12c. Dielectric Hysteresis— If a charged con¬ 
denser is discharged and left undisturbed for, say, 
30 seconds, another small discharge can be obtained 
from it, and sometimes a third one. This is due to 
the fact that, when charged, the strain across the 
dielectric causes the charges to leave the plates and 
settle on the surface of the dielectric, through which 
they arc bound by electric lines of force, or strain 
in the dielectric. When the plates are suddenly 
discharged, the electrons rushing around the circuit 
neutralize the positive and negative charges but 
some are still left straining across the dielectric, 
trying as it were to get across that way instead of 
taking the easier path that has suddenly been pro¬ 
vided for them; the dielectric does not entirely re¬ 
cover from the strain when the discharge takes 
place. The charge which flowed out instantaneously 
upon discharge is called the free charge. The 
charge which flows out the second or third time is 
called the absorbed or residual charge. In con¬ 
densers made with oil or mica for the dielectric, 
absorption is small. This absorption is manifested 
by heat in the dielectric and represents a loss of 
energy. 

l-12d. Series and Parallel Connection of Con¬ 
densers —Condensers may be connected either in 
series or in parallel. If connected in parallel, the 
combined capacitance is ecjual to the sum of their 
individual capacitances, or: 

C = Cl + C2 + Ca 

Connecting them in parallel is equivalent to adding 
the plate areas. If three condensers of similar con¬ 
struction, each having a capacitance of .004 fii, are 
connected in parallel, the resulting capacitance would 
be .012 p,f. 

If condensers are connected in series the result¬ 
ing capacitance is less than that of one alone. If 
the condensers have equal values of capacitance, 
their combined capacitance is obtained by merely 
dividing the capacitance of one by the number of 
condensers in series; if they have unccjual values, 
the resulting capacitance is equal to the reciprocal 
of the sum of the reciprocals or. 


If three condensers of .004 /xf are connected in 
series, the resulting capacitance would be .0012 /xf. 
If three condensers of .002, .003, and .004 /xf are 
connected in series the resulting capacitance would 
be .00092 /xf. 

The voltage that several equal condensers in series 
will safely withstand is as many times greater than 
the voltage of one as there are condensers in series. 
Advantage is often taken of this in building con¬ 
densers for high voltages. Using this principle, a 
.004-/xf condenser to stand 20,000 volts can be made 
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of twenty 1000-volt sections of .08 /xf each, all con¬ 
nected in series. 

Condensers used in radio transmitters are some¬ 
times protected by a safety gap mounted on their 
terminals. The gap is so spaced that, should the 
condenser be subjected to an excessive voltage, a 
discharge will take place across the gap, thus lower¬ 
ing the potential of the condenser and preventing a 
rupture of the dielectric. 


rll- 

004 MFO. 


.004 MFO. 


— )l— 

.004 MFO. 

— 


HI- 

U04 MFO. 
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.004 MFD 





_J)04 MFD. 
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r 012 MFD 1 


r 0133 1 

f MFD 1 

f.000921 


002 MFO. 

003 MFD. 
.004 MFO. 


TOTAL EFFECTIVE CAP. TOTAL EFFECTIVE CAP TOTAL EFFECTIVE CAP. 
CONDENSERS IN PARALLEL CONDENSERS OF LIKE CONDENSERS OF UNLIKE 
VALUES IN SERIES VALUES IN SERIES 
C*C,+C,+ C, ^ C, 1 


C= - 


c, c, c, 


Fic;. 1-23. Series and parallel connection of condensers. 


It has been shown that a condenser, when first 
connected to a charging source, has zero potential 
and as the current flows, the potential rises until the 
voltage of the condenser is equal to the voltage of 
the charging circuit; the flow of current then .stops. 
If the charging potential is decreased, the condenser 
will discharge and current will flow out in the oppo¬ 
site direction to which it was charged. The voltage 
of the condenser tends to set up a back pressure 
which tends to drive the charging current back. The 
effect of capacitance in a circuit increases the time 
required to obtain a maximum flow of current 
through the circuit. Inductance in a circuit tends 
to prolong the flow of current while capacitance 
tends to extinguish it or hold it back. The effects 
of counter e.m.f. of inductance and capacitance 
produce a pronounced effect on the flow of alternat¬ 
ing current. 

1-13. Alternating Current—An alternating cur¬ 
rent is a current that reverses its direction of flow 
at regular intervals. The wave form of the com¬ 
mercial alternating current commonly used for light 
and power is a sine wave, F'igure 1-24. Although 
the wave shape of an alternating current may devi¬ 
ate considerably from the true sine-wave form, this 
form is assumed in most a-c calculations. 

Starting at zero potential, the alternating current 
flows in one direction, reaches a maximum value, 
then returns to zero only to flow again but this time 
in the opposite direction, reaching a maximum value 
in this direction and then returning again to zero. 
This constitutes one complete cycle. 

Each cycle is composed of two alternations. One 
alternation is the flow of current in one direction, 
starting from zero rising to a maximum value and 
returning to zero again. The peak value of current 


reached during an alternation is called its amplitude. 
The number of complete cycles occurring during a 
second of time is called the frequency of the current. 
Thus, a 500-cycle generator produces 1000 alterna¬ 
tions of current per second. 

It can be shown that the voltage and current wave 
form of an alternating current may be irregular or 
distorted in form and if pictured graphically will 
show, besides the fundamental, other frequencies 
which are multiples of the fundamental. These are 
known as harmonics. If a harmonic is double the 
frequency of the fundamental it is known as the 
second harmonic: if three times, the third harmonic, 
and so on. Harmonic frequencies are quite com¬ 
mon to radio-frequency currents, as will be shown 
later. 



Fig. 1-24. Curve of one complete cycle of 
of alternating current. 


Alternating currents having a frecjuency below 
15,000 cycles per second are called audio-frequency 
currents and those above 15,000 cycles are called 
radio-frequency currents. 

Consider the arrangement shown in Figure 1-25. 
A small lamp and a condenser of approximately 20 
^f arc connected in series with an alternating- 
current generator. As long as the circuit is closed, 
the lamp will be lighted, indicating the passage of 
current. 



Fig. 1-25. Condenser in series with a-c circuit. 

If direct current was applied to this circuit, the 
lamp would be lighted only momentarily when the 
circuit was closed until the condenser was charged 
to the same e.m.f. as the applied e.m.f. With an 
alternating e.m.f. in the condenser circuit the alter¬ 
nating current is constantly flowing into and out of 
the condenser to keep the voltage between the plates 
equal to the instantaneous value of the applied e.m.f. 
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The current is larjjest at moments when the applied 
e.m.f. is changing most rapidly; it is zero at mo¬ 
ments when the e.m.f. is for a moment stationary 
at its maximum values. 

l-13a. Impedance —The flow of direct current 
through a circuit is opposed only by the ohmic re¬ 
sistance, but the flow of alternating current is op¬ 
posed by the counter e.m.f. of self-induction as well 
as ohmic resistance. The effect of self-induction 
in a direct-current circuit is only momentary, the 
effects being observed only when the current is 
changing in value, as would occur when the circuit 
is closed or opened. Consider the circuit shown in 
Figure 1-26. The presence of the choke coil re¬ 
tards the flow of current when the key is closed and 


I A/I ^ d A A/\ 



tends to prolong it after the key is opened. If the 
battery were to be replaced by an alternating current 
generator, there would be a constant opposition to 
the alternations of current, that is, the counter e.m.f. 
self-induction of the choke would retard an alterna¬ 
tion from reaching its maximum amplitude and 
would also tend to delay it from falling to zero. 
1'he counter e.m.f. of self-induction is called re- 
actance and, as it is a form of opposition, it is con¬ 
venient to measure it in ohms. The combined oppo¬ 
sition of reactance and ohmic resistance is called 
impedance (expres.sed symbolically as Z). It also 
is measured in ohms. However, the combined re¬ 
sistance, or impedance, of a circuit in which there 
are values of reactance and ohmic resistance is not 
found by adding the values of each but expressed 
as follows: 

Impedance / = Vi?'** -f 

where R = resistance of circuit in ohms 
X == reactance of circuit in ohms 


The counter e.m.f. occasioned by a circuit con¬ 
taining inductance is termed inductive reactance. 
It is expressed: 

Inductive reactance Xl ^ 2irfL 
where 2ir = 6.28 

/ = frequency in cycles per second 

L — inductance in henrys 

From the formula it can be seen that the higher 
the frequency, the greater will be the inductive re¬ 
actance. At radio frequencies the reactance of a 
given coil reaches high values. 

The counter e.m.f. occasioned by a condenser in 
series with an alternating current is called capacitive 
reaclame. It is expressed: 


Capacitive reactance A% 


1 

2irfC 


where 27r - 6.28 

/ = frequency in cycles per second 

C = capacitance in farads 


A condenser offers less obstruction to the flow 
of current as the frequency is increased. 

l-13b. Phase Displacement —If an a-c circuit 
contains only resistance, the voltage and current 
flowing through the circuit reach their maximum 
and minimum values at the same instant. Under 
these circumstances, the voltage and current are said 
to be in phase. When inductance is introduced in 
the circuit, the current reaches its maximum value 
at a time later than does the voltage, the interval 
of time depending on the value of the inductance 
and the frequency of the current. 1'his difference 
in time is called phase displacement. Such a cir¬ 
cuit is said to have a lagging phase. (See left-hand 
drawing of Figure 1-27.) 

When capacitance is introduced in the circuit and 
capacitive reactance predominates, the opposite con¬ 
dition will occur, that is, the current will lead the 
voltage, reaching its maximum at a time before the 
voltage. A circuit of this type is said to have a 
leading phase. 

Difference in phase is nothing more than differ¬ 
ence in position of the voltage and current in the 
cycle. Phase displacement is expressed in terms of 
the degrees of a circle, that is, an alternating current 
is said to have an angle of lag of so many degrees, 
depending upon the constants of the circuit. 



VOLTAGE AND CURRENT 
CURVES WITH LAGGING 
PHASE. 



VOLTAGE AND CURRENT 
IN PHASE. 



TWO VOLTAGE CURVES IN 
OPPOSITE PHASE. 

PHASE ANGLE 180® 


Fig. 1-27. Curves showing lagging and leading phases. 
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The effect of phase displacement on the power of 
the circuit is to reduce the value of power for the 
same value of current and voltage as compared to 
the power in a purely resistance circuit. Whenever 
an a-c load contains reactive elements, the product 
oi E and I will not give the power. This product 
must he corrected by being multiplied by the power 
factor, which is always smaller than one but is usu¬ 
ally expressed in percent. Since one usually does 
not know the power factor, it is best to use a watt¬ 
meter which makes the correction automatically. 
(See Figure 1-28.) 



l-13c. Single and Polyphase Alternating Cur¬ 
rent —An alternating current having but one 
e.m.f. is known as a single-phase current. An a.c. 
having two or more e.m.f.'s differing by a fixed 
amount is called a polyphase current. 

Tf three conductors were spaced on an armature 
120° apart and revolved between the poles of a U 
magnet, there would be generated in the conductors 
three e.m.f.’s differing in phase by 120°. If the 
three conductors are connected to an external cir¬ 
cuit, the system would be known as a three-phase 
circuit. (See Figure 1-20.) 



Fiij. 1-jy. Voltage curve of three-phase 
alternating current. 

’ l-13d. Effective Value of Alternating Current 

—An alternating current with a peak value of one 
ampere obviously will not produce the .same power 
or heating effect that a direct current of one ampere 
will produce. 

The value of alternating current required to pro¬ 
duce the same effect is known as tlie effective, or 
rms, value, and this is the value that is indicated on 
a-c ammeters. The rms alternating current will 
have the same heating value as the same number 
of d-c amperes, in other words, one ampere d-c and 
one effective ampere a-c both produce the same heat¬ 
ing effect, or power. The peak value of the alter¬ 
nating current will have a value V2, or 1.41. times 
the effective value. 


Example: If 10 amp of direct current pass 
through a resistance of 2 ohms, the power converted 
to heat will be PR or 10^ X 2 = 200 watts. 

If an alternating current is passed through the 
same resistance and is adjusted to such a value that 
200 watts are again con.sumed in heat, the value of 
current indicated by an a-c ammeter will be 10 amp. 
The peak value of this current will be 10 X V2, or 
14.1 amp. 

The abbreviation “rms” represents root-mean- 
.square. The effective, or rms, value of an alter¬ 
nating current is found by extracting the square 
root of the mean of all the instantaneous values 
of current over a complete cycle s(|uared. 

As shown above, the rms, or effective, value and 
the peak value of an alternating current are related 
in the following manner; 

fpouk A'ff ^ 1.414 
A*ff — ^iM*nk ^ 0.707 

The relationship of peak and effective values of 
voltage are the same as the above current relation¬ 
ship. The maximum voltage per alternation is 
1.41 times the effective value. The maximum volt¬ 
age per alternation in 110-volt a-c circuits is there¬ 
fore 155 volts. 

l-13e. Hot-Wire and Thermocouple Ammeters 

—Radio-frequency currents are measured by the 
heating effect of the current on a piece of wire or 
strip of metal. Such instruments are called thermal 
ammeters. They are divided into two classes 
knowm as hot-zoire and thermocouple ammeters. 

The hot-wire ammeter depends for its operation 
upon the expansion of a metal wire when it is 
heated. Figure 1-30 illustrates the principle. 



Fig. l-,t0. Principle of hot-wire ammeter. 

Wire AB is connected with the r-f current. The 
resistance of the wire is such that it will stretch 
when heated by the r-f current. Spring 5* exerts 
a pulling action on the slackened wire through 
thread T. The resultant motion causes needle N to 
move over the scale. The degree of movement de¬ 
pends upon the amount of current flowing in wire 
AB» The scale is calibrated in amperes so that the 
position of the needle shows directly how large the 
current is. 
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The thermocouple ammeter depends for its action 
on the e.m.f. produced by heating two dissimilar 
metals. The value of e.m.f. depends on the com¬ 
bination of metals and ordinarily increases directly 
as the temperature is increased. 

The theory of operation can be explained by re¬ 
ferring to Figure 1-31. Two dissimilar metals C 
and D make contact with the hot wire AH, in w'hich 
the r-f current is flowing. The e.m.f. produced by 
the heat at the junction E is communicated to the 



Fig. 1-31. IVinciple of thermal-ammeter. 

cl-c ammeter M. As previously explained, the heat 
due to a given number of amperes of alternating 
current is the same as that of an equal number of 
d-c amperes. A deflection of the needle of the Jim- 
meter indicates the effective value of current since 
a-c meters of r-f variety read in effective value just 
as do 60-cycle or 500-cyclc instruments. 

l-13f. Skin Effect —The resistance offered by 
a conductor to r-f current is not the same as for a 
low-frequency or direct current. The resistance in¬ 
creases with frequency. Radio-frequency currents 
are conducted on the surface of the wire, hence, it 
is the surface area and not the cross-sectional area 
which is most important in determining the resist¬ 
ance to currents of high frequency. Stranded wire, 
tubing, or metal strip is often used in connecting 
radio apparatus, because the same amount of copper 
has more surface in such shapes than when it is 
formed into solid wire. 

l-13g. Resonance in Alternating-current Cir¬ 
cuits —It has already been shown that the effects of 
inductive reactance Xi^ are opposite than the effects 
of capacitive reactance, By the proper selection 
of inductance and capacitance values in an a-c cir¬ 
cuit the counter e.m.f’s can be made to balance at 
any desired frequency and the reactance therefore 
reduced to zero. The circuit then acts as if neither 
inductance nor capacitance were present and the 
flow of current is limited solely by the ohmic re¬ 
sistance. When this condition exi.sts the circuit is 
said to be resonant since the frequency of the circuit 
corresponds to the frequency of the current flowing 
in the circuit. The frequency at which this occurs 
is called the resonant frequency. 

There is a frequency for each combination of 
inductance and capacitance where the reactances of 
each will be equal and opposite. Inasmuch as cir¬ 


cuits used in radio work must be capable of resonat¬ 
ing over a wide range of frequencies, it is con¬ 
venient to arrange either the capacitance or the 
inductance, or both, to be variable so the resonant 
frequency of the combination can be adjusted to the 
frequency desired. 

Since inductive reactance Xx, = 27 rfC and capaci¬ 
tive reactance Xr = —, the inductive and ca- 
2rfL 

pacitive reactances will be equal in a circuit con¬ 
taining an inductance and capacitance in series when 
the following condition exists: 


where / = frequency in cycles per second 
L =■ inductance in henrys 
C = capacitance in farads 

From the above equation, the resonant freiiuency 
of a given value of capacitance and inductance in 
scries can be found. Transposing, the above equa¬ 
tion becomes 

^ ~ 2jrVIC 

The above equation for resonant frequency is 
strictly correct only for series-connected induc¬ 
tances and capacitances. When parallel-connected, 
the resonant frequency is affected to some extent 
by the resistance in the circuit. T f tlie resistance 
is low, as is usually the case in radio circuits, the 
formula for series resonance may be used with rea¬ 
sonable accuracy. 

1-14. Alternating-current Transformers —There 
are two kinds of alternating-current transformers 
commonly employed in radio telegraphy and teleph¬ 
ony. The purpose of one is to change or transform 
alternating current of low voltage and comparatively 
large current to alternating current of higher volt¬ 
age and smaller current or vice versa. 

The transformer which is used to produce a 
higher voltage is called a step-up transformer. A 
transformer used to produce a lower voltage than 
the input is called a stcp-dozvn transformer. 

The step-up transformer is generally employed to 
produce high voltages for the plate supply of vac¬ 
uum tube transmitters. The step-down transformer 
is used to operate the filaments of vacuum tubes. 

l-14a. Construction —An a-c transformer con¬ 
sists of two windings so placed as to have appreci¬ 
able mutual inductance. The winding to which the 
input power is delivered is called the primary while 
the winding which delivers the output to the load 
circuit is called the secondary. These windings are 
placed over an iron core which is common to each 
and increases their mutual inductance. 
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OPEN CORE TRANSFORMER. 



Fig. 1-32, Open- and closed-core transformers. 


In some transformers the path of the magnetic 
flux is partly through the air; such a transformer 
is called an open-core transformer. A transformer 
in which the magnetic path is entirely through iron 
is called a closed-core transformer. The two types 
are shown in Figure 1-32. A closed-core trans¬ 
former has a very small leakage flux. Little flux 
exists in the air surrounding the core because of the 
complete path of high permeability offered by the 
closed core. The primary usually consists of sev¬ 
eral coils or **pics^* connected in series and placed 
directly over the center of the iron core with strips 
of wood to space the winding from the core in 
order to provide ventilation. 

The secondary also consists of several pies con¬ 
nected in series and mounted over the primary with 
an insulating material between them. 

Transformers having air cores arc employed at 
radio frequencies. The mutual inductance of such 
windings of an air-core transformer is compara¬ 
tively small. At low frequencies the efficiency of 
such transformers is very low. If such trans¬ 
formers were to be employed at high powers, it 
would become very expensive. 

The core of an a-c transformer employed at 60 
cycles is constructed of many thin sheets or lamina¬ 
tions of silicon .steel. By the use of such lamina¬ 
tions the losses due to eddy currents are reduced 
and the transformer can be operated at higher flux 
densities than one which is not laminated. 

l-14b. Ratio of Transformation —If the pri¬ 
mary of a step-up transformer has 100 turns and 
the secondary 1000 turns, the turn ratio is expressed 
as 1 to 10. 

When an e.m.f. of 200 volts is applied to the pri¬ 
mary, an e.m.f. of 2000 volts will be induced in the 
secondary; if the primary current is 50 amp, the 
secondary current will be 5 amp. From this it can 
be seen that the larger the number of turns on the 
secondary as compared to the primary, the larger 
will be the voltage induced in the secondary. If 
the voltage is stepped up, the current is reduced or 
will have a smaller value than that of the primary. 
The secondary of a step-down transformer, there¬ 
fore, has fewer turns than the primary, but the wire 
must be larger. 


l-14c. Transformer Operation —The primary 
circuit of the transformer is connected in series 
with a source of alternating current which mag¬ 
netizes the iron core, periodically causing a varying 
flux to flow through the iron core in accordance with 
the alternations of current. This variable flux cuts 
the windings of the secondary, thereby inducing an 
e.m.f. in this winding and, if the secondary is a 
closed circuit, current will flow. The current in 
the secondary will flow in such a direction as to 
tend to cause a magnetic flux in the core in a direc¬ 
tion opposite to the direction of the flux caused by 
the current flowing in the primary. The flux exist¬ 
ing in the iron core must be of sufllcient magnitude 
to induce in the primary winding a back e.m.f. of 
the same value as the terminal voltage. In order to 
maintain the flux constant, the current flowing in 
the primary winding must increase to a value such 
that the increase in the primary ampere-turns is 
sufficient to overcome the opposing magnetic effect 
of the secondary ampere-turns. This reduces the 
effective inductance of the primary to such a value 
that sufficient primary current is available in order 
to maintain a constant flux; when the load is on 
the secondary the effective inductance of the pri¬ 
mary becomes quite small. 

l-14d. Losses —The principal losses in a power 
transformer are of two kinds, the “copper losses” 
and the “core or iron losses.” The copper losses 
in the primary and secondary windings are equal to 
the current squared times the resistance. The core 
losses are of two kinds, the first of which is the 
eddy-enrrent losses due to currents induced in the 
iron core. Because of the constant reversals of 
magnetism within the core, considerable energy is 
expended in changing the positions of the molecules 
of the iron laminations. This expenditure of en¬ 
ergy is known as the hysteresis loss. The core 
losses occur as long as a voltage is applied to the 
primary and are nearly the same whether or not 
the secondary is delivering a load current. 

1--14C. Cooling —The losses in a transformer 
represent electrical energy converted into heat. 
Some means must be provided for dissipating this 
heat, or the temperature may rise until the trans¬ 
former is destroyed. Transformers of small size 
are usually cooled by simply being exposed to the 
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air. The exposed surface of the winding is suffi¬ 
cient to dissipate the heat. Larger transformers are 
cooled by immersing the windings in oil. 

1-15. The Induction Coil —In Section 1-10 it 
was explained how a varying current passing 
through a transformer primary induces a voltage in 
the secondary. There are many radio services 
where the only primary source of power is low- 
voltage direct current. In the succeeding chapter 
it will be explained how this source of power can 
be converted to higher voltages necessary to operate 
radio equipment by means of motor generators. 
Where the primary source of power is a storage 
battery, a practical use may be made of the induc¬ 
tion coil, the fundamental circuit of which is shown 
in Figure 1-33. The high-voltage alternating cur¬ 



rent developed in the secondary winding of such a 
device may be rectified and filtered in the manner 
explained in chapter 4 and then used as a source 
of voltage for the operation of radio equipment. 

l-15a. Principle of Operation —In Figure 1-33, 
the coil is constructed of two windings, primary and 
secondary, wound on a core of soft laminated iron 
I'he primary has few turns of large wire and the 
secondary many turns of fine wire. Connected in 
series with the primary is an adjustable vibrator 
fitted with a soft iron armature so arranged that 
it will be attracted by the magnetic flux of the iron 



core. Each time the vibrator is attracted, it is 
drawn away from a contact through which the 
primary circuit is completed. Thus, the movement 
of the vibrator breaks the primary circuit, stopping 
the primary current. The magnetism of the core 
therefore collapses, thereby inducing a momentary 
current surge in the secondary. When the mag¬ 
netism of the core has died out, the vibrator is re¬ 
leased and thereupon moves back, again completing 
the primary circuit. The core then becomes re- 
magnetized and the process is repeated. This takes 
place a considerable number of times each second. 
The frequency of operation depends upon the mass 
of the vibrator and the stiffness of the spring. 

The primary current produces a varying magnetic 
flux which cut the secondary windings, thereby in¬ 
ducing an e.m.f. in the .secondary. The secondary 
current flow's in one direction as the magnetic flux 
is building up and in the opposite direction as the 
flux is collapsing. As the current breaks much 
faster than it makes, the induced e.m.f. is much 
higher on the break. This is caused by the self- 
induction of the primary winding. 

Two types of vibrators are encountered in radio 
services; nonsynchronous and synchronous. The 
operation of a nonsynchronous vibrator is quite 
similar to that already described, except that two 
contacts are provided on the vibrator. The action 
can be followed by referring to Figure 1-34. When 
the battery circuit is completed, current will flow 
through the lower half of the transformer pri¬ 
mary and the winding of the electromagnet ilf. The 
armature is attracted by the magnet and contact A 
will touch contact B, thereby short-circuiting the 
magnetic winding; consequently, the armature is re¬ 
leased and swings back until contact A touches con¬ 
tact C. Since the short circuit is now removed 
from the electromagnet, the core is again magnetized 
and pulls the armature down until contact A again 
touches contact B. Thus, the armature keeps vi¬ 
brating at its own natural fre(juency and alternately 
touches contacts B and C, 



Fig. 1-34. Non-synchronous vibrator circuit. 
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When contacts A and B are closed, the lower 
half of the primary is connected directly across the 
battery, which results in the passage of a current 
from the center tap of the primary downward. 
When A touches C, the upper half of the primary 
is connected across the battery and current will 
flow from the center tap upward. These two im¬ 
pulses can be considered as alternating curent, al¬ 
though not of sine-wave form, and, consequently, 
an alternating current will be induced in the sec¬ 
ondary of the transformer, wlien it is rectified, fil¬ 
tered, and used as direct current. 

Special precautions must be taken in the design 
of vibrator systems. When contacts A and B 
close, there is a sudden increase of current and a 
high-voltage peak is induced in the secondary at the 
moment of contact. I'he same is true when the 
other contacts close. This causes sparking at the 
contact points and, if corrective measures arc not 
taken, excessive sticking, pitting, and burning of the 
contacts will take ])lace. This is overcome by con¬ 
necting buffer condensers across the secondary and 
sometimes across the primary windings. The buffer 
condensers serve to absorb the sudden charges and 
thereby improve the waveform of the secondary 
voltage. 

Additional precautions are necessary to prevent 
interference called “hash” (generated by the vi¬ 
brator contacts) from interfering with radio recep¬ 
tion. I'll is is accomplished by inserting both audio- 
and radio-fre(juency choke coils in the plate and 
filament supply leads. 

l-15b. S 3 mchronous Vibrator Power Supplies 

—The synchronous vibrator not only develops the 
high voltage required for radio equipment, but also 
performs the function of rectification, thus obviating 
the necessity of a rectifier tube. Vibrators are lim¬ 
ited, however, to applications where the current re¬ 


quirements are not excessive. Figure 1-35 will as¬ 
sist in explaining the action of a synchronous vi¬ 
brator. It will be noted that the armature is fitted 
with an extra set of contacts which are connected 
to each side of the secondary of the transformer. 
This permits the current flowing in the secondary 
to be reversed in synchronism with the reversals of 
current in the primary. Correct battery polarity is 
necessary when using the self-rectifying type of 
vibrator. The current supplied at the output is 
pulsating d.c. and must be filtered in the usual 
manner. 

Referring to Figure 1-35, the battery voltage is 
fed through the r-f choke to the center tap of the 
primary of the transformer. One side of the pri¬ 
mary is connected to contact 3 and the other side to 
contact 4 of the vibrator, VB. The coil of VB is 
energized by connection to the ungrounded side of 
the battery at contact 4, and the armature which is 
grounded. The contacts of the vibrator interrupt 
the direct current in the secondary winding, the volt¬ 
age being stepped up by the turns ratio of the 
transformer. 

Simultaneously, rectifier contacts 2 and 5 rectify 
the voltage of the secondary by connecting the ap¬ 
propriate side of the secondary winding to ground 
at the correct instant. I'his, in effect, results in one 
half of the secondary winding supplying each alter¬ 
nate half cycle, thereby producing a unidirectional 
voltage. The rectified voltage is by-passed by con¬ 
denser Co and fed through the r-f choke to the posi¬ 
tive terminal of the power pack. Buffer condenser 
Cs and resistor are connected in series across the 
secondary of the transformer to control surge volt¬ 
ages developed in the circuit. Buffer condenser Cj 
is connected to the primary for the same purpose. 

1”16. The Wheatstone Bridge —The measure¬ 
ment of all types of impedances—resistive or re- 
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active, inductive or capacitive—utilizing the principle 
of the Wheatstone bridge is used extensively in the 
field of radio engineering and communication. The 
simple Wheatstone bridge permits measuring an un¬ 
known resistance in terms of a known resistance. 
Similarly, a capacitance bridge permits the measure¬ 
ment of an unknown capacitance in terms of a 
standard or known capacitance. The principle of 
operation of a Wheatstone bridge can be explained 
by referring to Figure 1~36. 


B 



The theory depends upon the fact that in a 
branched circuit, as shown in Figure 1-36, the volt¬ 
age drop from A to C must be the same over the 
path ABC as it is over the path ADC, Conse¬ 
quently, for any point B on the upper branch of the 
circuit ABC, there must be some point D on the 
lower branch, such that there will be no difference 
of potential between point D and point B. Point 
D can be found by connecting one terminal of a 
current-indicating device to point B and moving the 
other terminal of the indicator along the lower 
branch until the deflection of the meter pointer falls 
to zero. This means that there is no current flow¬ 
ing through the indicator and hence no potential dif¬ 
ference exists between points B and D, When 
points B and D have been located in this manner, 


it can be shown that there is a definite relation be¬ 
tween the resistance of the four arms of the circuit. 

If is the current through the top branch and /j, 
is the current through the bottom branch, then the 
voltage drop across Ri is rilf and is equal to rs/*,, 
the voltage drop between A and D, 

Therefore, 

r\Jt *= rih 

^ ^ [b 

n It 

Likewise 

r>ilt = nib 
n ^ h 

ri It 


.So 

r\ rn 


r:i r4 

and 

riri = 

then 

rz 

r4 = ra - 
ri 


Therefore, it can be seen that if the value of three 
of the resistances arc known, the fourth (r^) can 
be calculated. In practice the unknown resistance 
becomes one arm of the bridge circuit and the 
known values of resistance are adjusted until the 
bridge is balanced, as shown by no deflection on 
the indicating device. In general, the null method 
of obtaining a balance is used; that is, the voltage 
which is introduced through the generator terminal 
connections is reduced to zero between the two oppo¬ 
site points on the bridge. 

Special precautions must be taken in the design 
and connections of the bridge and associated equi])- 
ment, so that stray currents are not introduced 
from extraneous sources. 

There are several modifications of the Wheat¬ 
stone bridge which bear the names of those who 
developed them for various kinds of measurements. 
Among these will be found Maxwell, Hay, Owen, 
and Sobering types of bridge. 



Fig. 1-37. Basic bridge circuits used in G.R. 650-A impedance bridge. 
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Fig. 1-38. General Radio type 650-A impedance bridge. 

Figure 1-37 shows a schematic diagram of the 
circuits used in the General Radio type 650-A im¬ 
pedance bridge. This bridge is designed to measure 


the inductance of coils, the capacitance and power 
factor of condensers and the d-c resistance of all 
types of resistors. In the laboratory, it is extremely 
useful for measuring the circuit constants in ex¬ 
perimental equipment, testing preliminary samples, 
and identifying unlabeled parts. In the shop and 
on the test bench, it has many applications in routine 
testing and trouble shooting. 

The type 650-A impedance bridge is a conven¬ 
tional 4-arm bridge. It is self-contained, including 
standards, batteries, and tone source, and is direct- 
reading over wide ranges of d-c resistance, a-c re¬ 
sistance at 1000 cycles, capacitance and dissipation 


factor 
storage factor 


(" - 1 ) *• 




1000 cycles, and inductance and 
at 1000 cycles. 


Results are read directly from dials having ap¬ 
proximately logarithmic scales (Figure 1-38). 'J'he 
position of the decimal point and the electrical unit 
in terms of which the measurement is made are indi¬ 
cated by the positions of two selector switches. 

Resistance is measured in terms of a standard 
resistance arm; inductance and capacitance are 
measured in terms of mica condenser standards. 
Power is supplied from dry cells, which operate a 
1000-cycle hummer for a-c measurements. The 
bridge may also be used with an external generator 
of any audio frequency. The detector for d-c 
measurements is a built-in galvanometer. For 
1000-cycle measurements, head telephones are used. 



CHAPTER 2 


MOTORS AND GENERATORS 


The motor and generator are machines that con¬ 
vert energy from one form to another. A gen¬ 
erator converts mechanical energy into electrical 
energy; conversely, a motor converts electrical 
energy into mechanical energy. The term '"dy- 
namo,” a shortening of ''dynamoelectric machine/' 
refers to either a motor or generator. 

Motors and generators consist of the same basic 
elements: a strong magnetic field and current- 
carrying conductors which move in, or are otherwise 
affected by, the magnetic field. A motor will oper¬ 
ate as a generator if mechanical power is applied; 
as a matter of fact, there is little difference in 
construction between d-c motors and d-c generators. 
A-c machines have greater structural differences 
but, in general, will operate as either motors or 
generators, 

2-1. The Alternating-current Generator—The 

simplest form of alternating-current generator is 
made of a loop of wire rotating in a uniform mag¬ 
netic field as illustrated in Figure 2-1. In order to 
make electrical contact to each end of the loop dur¬ 
ing rotation, circular metal rings, known as slip 
rings or collector rings, are employed. Brushes 
pressing against these rings make continuous con¬ 
tact as the loop is rotated. 

If a load resistor and a current-indicating device 
are connected across the brushes and the loop of 


wire rotated, it will be observed that a current flows 
through the external circuit. This current is a re¬ 
sult of the conductor cutting through the magnetic 
field, and the strength of the current will be found 
to change from instant to instant as the position of 
the loop changes. In addition, it will be found that 
the current is alternating, that is, it changes its 
direction every 180® of coil rotation. 



Fig. 2-1. An elementary a-c generator consists of a loop 
of wire rotating in a magnetic field. 

Figure 2-2 illustrates how the generated current 
varies through one complete rotation of the loop. 
In {A) the loop is in a vertical plane and is moving 
parallel to the magnetic lines of force; therefore, 
no lines are being cut and the generated voltage is 
zero. As the loop rotates in a counterclockwise 
direction, the conductors start cutting through the 


0® 90® leo® 270® 360® 
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magnetic lines of force and a current increasing in 
strength is induced in the conductors. When posi¬ 
tion (B) is reached, the conductors are in a hori¬ 
zontal plane, the maximum number of magnetic 
lines of force are being cut, and the generated cur¬ 
rent is at a maximum. Between (B) and (C), the 
current diminishes, reaching zero when (C) is 
reached. This position corresponds with (A); 
however, the sides of the loop are now reversed as 
the loop has passed through only 180° of rotation. 
As rotation continues toward position (D), current 
again flows, but this time in the opposite direction. 
The current reaches a maximum at position (D) 
and then decreases, reaching zero again when the 
position corresponding to (A) is again reached. 
This sequence of events constitutes one cycle; the 
first 180® of rotation is known as the positive half 
cycle; the last 180° of rotation, the negative half 
cycle. 

In small a-c generators, such as the hand-operated 
telephone magneto used for supplying ringing cur¬ 
rent in porttable telephone equipment, the magnetic 
field is often supplied by a U-shaped permanent 
magnet. In larger machines, field coils carrying a 
strong direct current are used to provide the mag¬ 
netic field. When field coils are used, a variable 
resistance called a field rheostat is provided to per¬ 
mit adjustment of the strength of the field and 
thereby the strength of the generated voltage. The 
general arrangement is illustrated in Figure 2-3 



Fig. 2-3. An elementary a-c generator showing 
external circuits. 


The a-c generator of Figure 2-3 is known as the 
revolving-armature alternator inasmuch as the 
armature is the element that rotates. This type of 
machine is not frequently encountered in practice, 
having been supplanted to a large extent by the 
revolving-field type of generator. Figure 2-4. The 
revolving-field machine has several advantages over 
the revolving-armature machine, the main advan¬ 
tage being that the slip rings are required to carry 
only the relatively small d-c exciting power to the 
revolving-field since the much higher output from 
the stationary armature can be connected without 


the use of moving contacts. The exciting power 
for the rotating field is commonly obtained from f 
small d-c generator known as an exciter. 



Fig. 2—4. The revolving field t>pe alternator. (Courtesj 
Westinghouse Electric and Manufacturing Co ) 

2-la. Inductor Alternator—An inductor alter¬ 
nator has been employed in radio work extensively 
in the past and is still encountered upon occasion. 
In this type of machine both the armature and the 
field are stationary; the rotating element, known as 
the inductor, is a disc-shaped mass of iron in which 
a large number of teeth or pole pieces have beer 
cut. The general arrangement is shown in Figure 
2-5. A considerable gap separates the field anc 
armature pole pieces. In this gap is the iron in¬ 
ductor I, which is fret to revolve on its shaft. 



When the teeth or pole pieces of the armature are 
in the position shown, a magnetic circuit of high 
permeability exists through the field and arma¬ 
ture cores. When the inductor has rotated a few 
degrees and an air gap exists across the pole pieces, 
a magnetic circuit of low permeability results. The 
armature windings AA are subjected, therefore, tc 
a magnetic field of varying intensity, and an alter¬ 
nating current is induced in these windings. This 
current flows in one direction while the magnetic 
field is increasing and in the opposite direction wher 
it is decreasing. 



MOTORS AND GENERATORS 


25 



Fig. 2-6. Disassembled view of Crocker-Wheeler 2 kw motor-generator 
with inductor type of alternator 


Inductor types of alternators have been con¬ 
structed to g:enerate fiequcncics as hig’li as 200,000 
cycles per second Tins high frequency is obtained 
by having 200,000 inductor teeth pass a given point 
every second The result can be obtained only by 
having very many teeth on the rotor and then driv¬ 
ing the rotor at very high speed. Inductor alter- 
natois ha\e also been employed to generate a fre- 
(jiiency in the order of 500 cycles per second These 
units were used extensively in connection with spark 
and IC W transmitters Such a unit is illustrated 
in Figure 2-6 A recent use of this type of gen¬ 
erator IS as a tone generator in electric organs and 
similar devices 

2-lb. Determination of Frequency —The fre¬ 
quency of an alternator may be determined in the 
following manner: 

^ “ 120 

where/ = frequency in cycles per second 
n — number of field poles 
5 = speed of armature in revolutions per 
minute 

In commercial practice, the frequency of the gen¬ 
erator is increased by increasing the speed of the 
armature since the field poles are fixed 

The voltage of the generator may be increased 
by increasing the speed of the armature or by in¬ 
creasing the strength of the magnetic field. Gen¬ 
erally, the latter procedure is employed because in¬ 
creasing the speed of the armature will increase the 
frequency whereas increasing the field strength will 
make no change in frequency. 


2-2. Direct-current Generators —As pointed 
out in the preceding paragraphs, the current induced 
in the armature windings of a generator is always 
alternating. If direct current is required, it is nec¬ 
essary to provide a means of rectifying this alter¬ 
nating curient. A simple mechanical switching 
device, known as a commutator, is employed for this 
purpose. The commutator is built on to the arma¬ 
ture of the machine in the manner illustrated in 
Figure 2-7. 



Fig. 2-7. Elementary d-c generator The commutator 
IS a mechanical switching device which rectifies the a c. 
induced in the loop. 

In order to explain the operation of the commu¬ 
tator, let us assume that the loop of wire is revolving 
in a uniform magnetic field and that an alternating 
current is being induced in the wire in the same 
manner as described in Section 2-1. Each end of 
the loop is connected to a half cylinder of metal, the 
two half cylinders forming a simple commutator. 
A pair of brushes rest against this,commutator for 
the purpose of collecting the generated power. As 
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the loop rotates, the connection to the external cir¬ 
cuit is reversed each half cycle with the result that 
the generated half cycles always flow through the 
external circuit in the same direction, Figure 2-8. 
The brushes are so positioned that the transfer from 
one metal segment to the next is made when the 
current in the armature is zero and about to reverse. 



Fig. 2-8. Waveform of current supplied to external 
circuit by elementary d-c generator of Fig. 2-7. 


The output of the simple d-c generator described 
is known as a pulsating direct current becau.se of its 
waveform, Figure 2-8. In commercial generators 
many armature coils are employed, each connected 
to its own set of commutator segments, with the 
result that the generated currents overlap until the 
resultant current is of a substantially constant value. 
The slight variations present are known as “ripple.” 

The commutator of such a machine consists of 
bars of copper, slightly wedge-shaped, separated by 
thin insulating sheets of mica, the whole assembled 
in the form of a cylinder held together by strong 
end clamp rings. The segments are insulated from 
the clamps by suitably shaped rings, usually of 
molded mica insulation. Connections leading to the 
armature conductors are soldered into slots in the 
segments, which commonly have lugs or risers for 
the purpose, extending upward at the end toward the 
armature. 

D-c generators may be so connected that excita¬ 
tion is secured from their own generated armature 
current, no exciting current from an external source 
being required. The field windings may consist of 
many turns of small-sizc wire carrying a .small 
current, or a few turns of large size wire carrying 
a large current, the same flux strength being pos¬ 
sible in cither case. In many generators, both types 
of winding are employed to obtain the required char¬ 
acteristics. D-c dynamos are classified according to 
the type of field winding employed and the method 
by which the field winding is excited. In general, 
d-c machines may be grouped into the two following 
major classifications: 

1. Externally excited machines 

2. Self-excited machines 

D-c machines may be further classified according 
to the actual circuit arrangement used as follows; 

1. Shunt-wound machines 

2. Series-wound machines 

3. Compound-wound machines 


Each of these latter classifications are discussed 
in the following paragraphs. 

2-2a. The Shunt-wound D-c Generator —The 
circuit arrangement of the shunt-wound d-c gener¬ 
ator is shown in Figure 2-9. As can be seen, the 
field winding, together wdth a .series resistor known 
as a field rheostat, are connected directly across the 
armature terminals. Therefore, the full output 
voltage of the armature can be applied across this 
field winding. 

Shunt-wound fields are wound with many turns 
of relatively small-size wire and their resistance 
therefore is high compared with the resistance of 
the armature winding. Hence, only a small portion 
of the current generated by the machine flows 
through the field windings. The field current can 
be regulated by a field rheostat. 



Fig. 2-9. Circuit of .shunt-wound generator. 


When the armature of the machine is started, it 
has to depend upon the stnall residual magneti.sin 
of the field poles to generate its initial current. 
Residual magnetism, as already exidained, is the 
small amount of magneti.sin retained by soft iron 
after once having been magnetized. 

As the armature rotates, the residual lines of 
force cut the windings of the armature, thereby 
generating a small current that flows through the 
shunt field windings and increases the number of 
lines of force cutting the armature coils. This in¬ 
duces a stronger current in the armature windings 
that continually adds to the strength of the field 
until the normal voltage of the generator is estab¬ 
lished. The complete process requires only a few 
seconds. After the generator has attained its nor¬ 
mal speed, the voltage across its terminals may be 
raised or lowered by adjustment of the field rheo¬ 
stat. Increasing the resistance decreases the gener¬ 
ator terminal voltage. Decreasing the resistance 
allows more current to flow in the field windings 
and increases the generator terminal voltage. 

2-2b. The Series-wound D-c Generator— The 
circuit arrangement of the series-wound d-c gener¬ 
ator is shown in Figure 2-10. As can be seen, the 
field windings are connected directly in series with 
the armature and therefore must carry all current 
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Fig. 2-10. Circuit of series- 
A^oiind generator. 


Fig. 2-11. Circuit of compound- 
wound generator. 


delivered by the macliine to the load. The field 
winding therefore must employ large-size conduc¬ 
tors to handle large currents without overheating. 

The necessary ampere-turns are obtained by hav¬ 
ing a large number of amperes and comparati\ ely 
few turns of wire. In starting, the current passing 
through the field windings strengthens the weak re¬ 
sidual magnetism field and the normal voltage of 
the generator is soon attained. 

2-2c. The Compound-wound D-c Generator— 
The field poles of a compound-wound machine. Fig¬ 
ure 2-11, are equipped with two sets of field coils— 
one set of windings being series-connected, the other 
set being shunt-connected. The two sets of wind¬ 
ings are usually connected in such a manner that 
they aid each other in setting up the magnetic field, 
and under these conditions the compound arrange¬ 
ment is said to be cumulative. At times, the two 
sets of w indings are arranged to oppose each other, 
this arrangement being known as differential. 

When the shunt field is connected directly across 
the armature of the machine, Figure 2-12a, the ar¬ 
rangement is known as a short shunt; if the shunt 
field is connected after the scries field, Figure 2-12b, 
it is called a long shunt. 

The compound wound machine has the advantage 
that the generated voltage can be maintained quite 
constant w’ilh varying loads as described below. 

2-2d. Characteristics of Shunt-, Series- and 
Compound-wound Generators —When shunt ex¬ 
citation is used the potential difference at the arma¬ 
ture terminals is reduced if the external load is 


increased. The effect of the reduced terminal volt¬ 
age is to reduce the current through the field wind¬ 
ings, lesiilting in a weakened field. With increased 
load the armature current increases as the shunt field 
current decreases; hence the terminal voltage falls 
off consideiahly. 

With series excitation the condition is very dif¬ 
ferent. When there is no load on the generator, 
only the residual magnetism of the pole pieces is 
available, and the terminal voltage is consequently 
very small. As the load increases larger values of 
current flow through the field windings, permitting 
a greater e.m.f. to be generated. The greater the 
current tJiken by the external circuit, the greater will 
be the voltage. 

The com])ound-wound generator produces a more 
constant voltage on circuits of varying load than is 
possible with a generator employing either shunt or 
series excitation. As the external load of a shunt 
generator is increased, the potential difference at the 
armature terminals wdll fall, but in the case of the 
compound-wound generator, this fall of voltage is 
counteracted by the series winding, the current 
wiiich flows in it increasing with load and causing 
the terminal voltage to rise. The number of turns 
of each winding and the relative strength of current 
are proportioned so that a practically constant volt¬ 
age is maintained under varying load. 

Each type of generator has its special applica¬ 
tions. For instance, the exciter for an a-c gener¬ 
ator of a radio transmitter can be a shunt generator 
because the load varies very little. Incandescent 
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lamps require a steady voltage that is not changed 
when some of them are turned on or off. A com¬ 
pound generator meets this requirement. 

2-2c. Voltage Regulation —The voltage regula¬ 
tion of a generator is an expression of the relation 
between the voltage with no load and full load. It 
may be found in the following manner: 

Regulation = ^ X 100 

hfi 

where Eni = voltage with no load 
Efi = voltage with full load 


Regulation is expressed in per cent. A low value 
indicates that the voltage remains very nearly con¬ 
stant as the load varies. A high value means that 
the voltage drops considera})ly on load and the ma¬ 
chine therefore has poor regulation. 


Example: Consider a transmitter whose a-c gen¬ 
erator no-load voltage is 300 volts. The key is 
closed and the voltage drops to 270 volts. 

Solution: Substituting in the above formula 


/300 - 270\ , 

(- 2ii) -) ^ (approx.) 


2-2f. Reversal of Polarity of Generator —It 

sometimes happens, especially on ships* generators, 
that, while batteries are on charge, the generator 
is stopped without first removing the load from the 
machine. Unless the charging circuit is protected 
by circuit breakers, the battery will immediately 
start to discharge through the generator resulting 
in a reversal of the residual magnetism. When 
the machine is again started, the reversed residual 
magnetism reverses the polarity of the generator 
brushes, thus reversing the direction of the field 
current and making it agree with the new direction 
of the residual magnetism. I'his will allow the 
generator to build up, but the polarity will be re¬ 
versed. The residual magnetism can be again re¬ 
versed so that the generator will have its normal 
polarity by sending a current from another gen¬ 
erator or a battery through the field in the proper 
direction. This is accomplished by connecting the 
positive terminal of the battery to what is now the 
new positive terminal of the generator and the 
negative of the battery to the negative of the gen¬ 
erator. The brushes should be lifted or removed 
during this operation. A battery of 6 to 12 volts 
will sometimes accomplish the correct result. If 
the reversal does not take place immediately, the 
battery should remain connected to the fields for 
an hour or two. 

2-2g. Ground Indicators —Ground indicators, 
consisting of two lamps in series with the midpoint 
grounded, are sometimes installed on switchboards. 
Figure 2-13 shows the connections of such indi¬ 
cators. Normally the two lamps in series will 
light dimly. Should a ground occur on either leg 


of the circuit one of the lamps will light to full 
brilliancy. For instance, assume the positive leg 
of the circuit in Figure 2-13 becomes grounded; 
this will short-circuit lamp number 2, and lamp 



Fig. 2-13. Circuit of Rround indicator on d-c generator. 

number 1 would then be directly connected across 
the generator terminals and would be taking the 
full voltage. 

2-3. Direct-current Motors —There is no es¬ 
sential difference between the d-c generator and 
d-c motor. With the exception of minor differ¬ 
ences to adapt them to meet best their specific 
requirements, the structures of both are substan¬ 
tially the same. However, their functions are re¬ 
versed, the motor convening electrical energy into 
mechanical energy. D-c motors, like d-c gener¬ 
ators, may be classified into three types according 
to their field arrangement: (1) shunt-wound, (2; 
.series-wound, and (3) comjiound-wound. 

The fundamental operating principle of a motor 
may be explained in the following manner. When 
a current-carrying conductor is placed in a mag¬ 
netic field, there is present a force that tends to 
push the conductor across the field. The con¬ 
ductor will move in a direction at right angles both 
to the direction of the field .and to the direction of 
the current. For ex.ample, if the plane of a coil 
lying between the poles of a magnet is parallel to 
a magnetic field, and a current is passed through 
the coil, it will tend to turn or take up a position 
at a right angle to the magnetic field. If the 
current is reversed when it has reached this posi¬ 
tion, the coil will continue to turn. 

2-3a. The Shunt-wound D-c Motor —The op¬ 
eration of the motor can be explained by the dia¬ 
gram in Figure 2-14 which shows the circuit ar¬ 
rangement of the shunt-w^ound d-c motor. The 
current flowing through the armature windings 
from the battery is in such a direction that the 
lower half of the armature coils is magnetized 
and has a South pole whereas the upper half has 
a North pole. The upper half will then be at¬ 
tracted by the S field pole and repelled by the N 
field pole. The lower half will be attracted by the 
N field pole and repelled by the S field pole. 

The action will be continuous, because, as the 
top of the armature moves toward the S field, the 
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commutator acts to maintain the flow of current 
in the same direction as before, consequently the 
upper half of the armature is always a N pole and 
the bottom a S pole. Thus the armature is made 
to revolve when supplied with current. 

Compare the circuit of the shunt-wound motor 
of Figure 2-14 and the shunt-wound generator of 
Figure 2-9. They are fundamentally the same. 
If a shunt-wound generator was charging batteries 
and the driving engine was shut off, the generator 
would continue running, providing the battery cir¬ 
cuit was large enough and had no circuit breakers. 



Fio. 2-14. Circuit of d-c bliunt motor. 


The ammeter in such a ciicuit would indicate a 
furrent in the opposite direction, as the battery 
would be discharging and driving the generator as 
a motor, exactly as described in the previous 
paragraph. 

Direction of Rotation, If the connections from 
the battery were reversed at points A and B in 
Figure 2-14, it would have no effect on the direc¬ 
tion of rotation. The armature would still con¬ 
tinue to rotate in the direction of the arrow. Re¬ 
versing the connections from the battery would 
reverse the polarity of the magnetic flux in both 
the armature and the field poles. I'he N field pole 
would become a S field pole and S field pole would 
become a N field pole. Likewise the armature S 
pole would become a N pole and the S pole of the 
armature a N pole. The same power of attraction 
and repulsion between like and unlike poles would 
result with no change in direction of rotation. 
In order to change the direction of rotation the 
flow of current must be changed in either the 
armature or field coils, but not in both. For ex¬ 
ample : In Figure 2-14 reverse the field poles only. 
The N pole is now a S pole and the S pole a N 
pole. The direction of armature current has not 
l)een changed, therefore the upper half is still a 
N pole and lower half a S pole. The N pole of 
the armature being attracted by the new S pole, 
rotation begins opposite to the arrow or counter¬ 
clockwise, where before, as shown by the arrow, 
the direction of rotation was clockwise. The same 
thing would result if the armature windings had 
been reversed instead of the field windings. The 


general practice is to reverse the current in the 
armature rather than in the fields. 

Counter Electromotive Force* As soon as the 
armature of a motor starts to rotate, a voltage is 
induced in the armature windings of such polarity 
as to oppose the voltage that started the motion. 
This opposing voltage is known as counter electro¬ 
motive force and governs the speed of a motor. 
The value of counter c.m.f. is proportional to the 
speed of the armature, the number of armature 
wires and the strength of the magnetic field. The 
counter e.m.f. can never be as great as the line 
voltage. If a load is placed on the motor the speed 
falls off and consequentlv the value of the counter 
e.m.f. falls off. I'he currctit in the armature is 
increased as the counter e.m.f. falls off and the 
motor automatically regains speed of sufficient 
value to drive the load. 

The field magnets of the shunt-wound motor are 
always of the same strength, regardless of the 
load, because the current flowing through them 
depends only on the line voltage and the resistance 
of the field coils. It is entirely independent of 
the current in the armature. Thus the speed of 
a motor supplied with direct current at constant 
voltage varies directly with the counter e.m.f. and, 
in any given machine, the stronger the field the 
slower will be the speed of the armature. The 
strength of the field can be regulated by a variable 
resistance, or rheostat, in scries with the field 
windings. If the resistance of the field rheostat is 
decreased, more current flows through the field 
windings, thus increasing the field strength; conse¬ 
quently the speed of the motor is reduced. If the 
resistance of the field rheostat is increased, the 
magnetic field is weakened, resulting in an in¬ 
creased speed of the motor up to a certain point, 
or until the increased speed of the armature in- 
creavses the counter e.m.f. to such an extent as to 
cut down the armature current. If the field rheo¬ 
stat accidently burns out or should an open circuit 
occur in the shunt field the armature will develop 
terrific speed. The centrifugal force may become 
great enough to burst the windings of the arma¬ 
ture, therefore requiring expensive repairs to the 
machine. If, upon starting, the circuit breakers 
trip, fuses blow, or excessive current is drawn, the 
machine should be stopped at once and investiga¬ 
tion made to determine if the field circuit is prop¬ 
erly connected. 

From the above it can be seen that the advan¬ 
tage of a shunt wound motor is that it is self¬ 
regulating and maintains a fairly constant speed 
under varying load. 

Starting Resistance, The resistance of a motor 
armature is small. Should full line voltage be ap¬ 
plied directly to the armature terminals upon>start¬ 
ing, excessive current would flow which may in¬ 
jure the commutator or burn oi^t the armature 
windings. The counter e.m.f. developed after ro- 
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tat ion has started keeps the armature current from 
becoming excessive. When the motor is first con¬ 
nected to the line, it is not rotating and there is 
no counter e.m.f. Some means must therefore be 
employed to limit the armature current until the 
machine has attained sufficient speed to generate 
the required counter e.m.f. This is accomplished 
by a variable resistance connected in series with 
the armature, the value of which is gradually re¬ 
duced as the motor gains speed. A device of this 
type is called a starter. A circuit diagram of a 
shunt-wound motor with a hand-operated starting 
box is shown in Figure 2-15. 

The action of a typical hand starter is as fol¬ 
lows : As handle H reaches the contact on the first 
resistor, R, the armature circuit is completed with 
all the starting resistors in series, thus limiting the 
armature current to a low value, and the motor 
starts slowly, 'fhe motor field circuit is completed 
through the windings of magnet M and the field 
rheostat. As the handle is moved toward the full 
running position, the motor gains speed, and the 
value of counter e.m.f. is increased. When in full 
running position with all the resistance of the 
starting box cut out, the motor is generating a 
counter e.m.f. of such a value as to permit the full 
line voltage to be applied directly to the terminals 
of the armature. No change has been made in 
the strength of the field by the operation of the 
starter. The holding magnet M holds the handle 
in the full running position unless demagnetized 
by interruption of the d-c supply or an open in the 
field circuit. Should the d-c line be interrupted, 
the handle automatically returns to the off position, 
requiring the motor to be restarted in the normal 
manner. Should the handle fail to fall back, ex¬ 


cessive armature current would flow when the line 
voltage was restored, resulting in damage to the 
machine as explained previously. Should the field 
develop an open circuit, the holding magnet again 
would be demagnetized, thus releasing the starting 
handle and preventing the motor from attaining 
excessive speed. 

If a motor is started too slowly the starting 
resistors may overheat and burn out. If started 
too rapidly, excessive armature current will flow, 
opening line fuses or tripping the circuit breakers. 

2-3b. The Series-wound D-c Motor —As in the 
case of the d-c generator, the field windings of a 
d-c motor may be wound with large-size wire and 
connected in series with the armature. In this case, 
the same current flows through both armature and 
field windings. This arrangement is known as the 
series-wound d-c motor. 

The operating characteristics of a series-wound 
motor are considerably different from tho.se of a 
shunt-wound motor. They do not maintain a con¬ 
stant speed but run much more slowly when heavily 
loaded. At the lower speeds they develop a power¬ 
ful torque, and are used to advantage as the starting 
motors on street cars where high turning effort is 
required. They are of little value in radio work 
where a constant-speed motor is required. 

2-3c. The Compound-wound D-c Motor— 
Compound-wound fields (Section 2-2c) are com¬ 
monly employed in d-c motors to combine in a single 
machine the high starting torque characteri.stic of 
the series-would motor and the good speed regula¬ 
tion characteristic of the shunt-wound motor. The 
compound connection can be made in a manner that 
the series-winding aids the shunt-winding, this ar¬ 
rangement being known as cumulative, or in a 
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The compound-wound motor; "A” cumulative, “B” differential. 
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manner that the series-winding opposes the shunt 
winding, tliis arrangement being known as differ^ 
ential. Compound-wound motors have the advan¬ 
tage that the load can be completely removed with¬ 
out danger to the motor as the speed will not be¬ 
come excessive. 

The cumulative compound-wound motor, Figure 
2-16A, is characterized by speed variations greater 
thafi the shunt-wound motor. The actual change in 
speed is governed by the relative strength of the 
series field. The differential compound motor, 
Figure 2-16B, is characterized by better speed regu¬ 
lation than the shunt-wound motor but has the dis¬ 
advantage that the speed becomes unstable when the 
the machine is heavily loaded. For this reason, the 
diff'erential arrangement is not often employed. 

The speed of compound-wound d-c motors is con¬ 
trolled by a field rheostat connected in series with 
the shunt field winding. 

2-4. Automatic Starters—It is often desirable 
to install the motor generator of a radio trans¬ 
mitter at a point remote from the radio room, in 
order that the noise from its operation will not inter¬ 
fere with the reception of radio signals. In in¬ 
stances of this kind, automatic starters are employed. 





Fi<;. 2-17. General Electric automatic starter. 

They are controlled from a distant point by pressing 
a button or closing a switch. The automatic starter 
solenoid and resistances sometimes are a part of 
the transmitter in the operating room and are con¬ 
trolled by a start-stop switch mounted close to the 
antenna send-receive switch on the operating table. 


In general, automatic starters operate in such a 
manner that resistance steps are cut out progres¬ 
sively as the speed of the motor accelerates. 

2-^a. General Electric Automatic Starter- 
Figure 2-17 shows a photograph of the General 
Electric automatic starter employed with RMCA 
radiotelegraph transmitters described in Chapter 13. 
This magnetic starter incorporates an escapement 
time-delay mechanism driven through an over¬ 
running clutch so that two resistors in series with 
the armature are cut out progressively as the arma¬ 
ture gains speed and develops sufficient counter 
e.m.f. to permit application of the full line voltage. 
Figure 2-18 shows the step-by-step operation of this 
starter. The timing mechanism, which can be ad¬ 
justed to give a total accelerating period of from 
1 to 6 seconds, consists of simple, accurate, easily 
adjusted pendulum arrangement similar to the es¬ 
capement of a clock. 

2-5. Alternating-current Motors 

The Induction Motor. It has been explained how 
a current flowing through a coil produces a mag¬ 
netic field. If a set of coils is arranged in the form 
of a two-phase or three-phase field and connected 
to an alternating current having two or more phases, 
it will be observed that a compass needle placed 
within the field will spin around and will continue 
to do so as long as the coils are energized. The 
effect is as if the needle of the compass were under 
the magnetic influence of a magnet with its poles 
sliding along the face of the field. 

The action of an induction xnotor can be explained 
by comparing it to a transformer in which the stator 
is the primary and the rotor is the secondary. Roth 
have poles and these tend to repel each other. Be¬ 
cause the stator field revolves, it drives the rotor 
before it at a speed which is almost the same as the 
rotating field at no load but which is slightly re¬ 
duced by any load applied to the motor shaft, or 
any resistance put into the secondary (rotor circuit). 

The speed of the rotor of an induction motor 
depends upon the construction of the stator and the 
frequency of the alternating current. In the sim¬ 
plest form there is no connection between rotor and 
external circuit. However, some types of induction 
motors have the rotor fitted with slip rings to pro¬ 
vide connection to an external resistance which 
controls the speed of the machine. This is usually 
accomplished by providing the rotor with a three- 
phase Y-connected winding and connecting a vari¬ 
able resistance in series with each phase, as shown 
in Figure 2-21. By means of the three-pronged 
arm, the resistance in series with each phase of the 
rotor winding can be varied from the full amount 
to zero, thus varying the speed from minimum to 
full speed. 

The terms “squirrel cage” and “wound” rotor are 
often used to describe rotors. The first refers to 
the simple type with conductors of plain bars of 
metal and no slip rings or other moving contacts; 
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Fu. 2-18 Step-by-step operation of the General Electric automatic starter. 


the .second refers to the type having coils like the 
armature of a d-c machine and fitted with .slip rings. 

Induction motors are polyphase machines, that is, 
two-phase or three-jihase current is required for 





Fig. 2-19. Stator of induction motor. 
(Courtesy General Electric ) 


their operation. They cannot he started on single¬ 
phase current but will operate on it if started in 
some other manner. One way of starting an induc¬ 
tion motor is by the use of a “phase splitter.” The 
armature in this case has two sets of coils, one hav¬ 
ing more inductance than the other. Because of a 
difference in reactance of the two coils, the currents 
flowing through each are not in phase. The motor 
starts then as a two-phase machine. After it gets 



Fig, 2-20. Squirrel-cage rotor of induction motor. 
(Courtesy General Electric.) 
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up to speed, the starting winding is disconnected 
either by a switch having a starting and running 
position or by an automatic centrifugal cut-out in 
the motor. 



Fig. 2-21. Speed control connection of three-phase 
induction motor. 


2-6. Motor-generators —Direct current is usu¬ 
ally the only available power on ships. In order to 
operate the power transformer of a transmitter, it 
IS necessary to use alternating current. The plates 
of vacuum tubes require d-c voltages considerably 
higher than those provided by the ship’s generators. 
When electric current is available, but not in the 
form needed, a change can easily be made by a 
motor-generator. In the case of shipboard vacuum 
tube transmitters, the combination may consist of a 
(1-c motor and a d-c generator which provides d-c 
voltages considerably higher than those available 
from the ship’s generator. In broadcasting stations, 
the combination may be an a-c motor coupled to a 
d-c generator. Such machines usually have four 
bearings—two for the motor armature and two for 
the generator armature. In the case of a shipboard 
installation, the field of the generator is excited 
from the d-c ship’s supply. Field excitation is con¬ 


trolled by a generator field rheostat. Figure 2-23 
shows the general construction of a motor-generator. 

2-7. Rotary, or Synchronous Converters —It 
has already been pointed out that the current gen¬ 
erated in the armature of a d-c generator is alter¬ 
nating. If, therefore, slip rings were installed on 
the armature of a d-c generator in addition to the 
commutator, it would be possible to obtain both 
d.c. and a.c. from the same machine. Since this 
armature is able to supply either a.c. or d.c. from 
the same winding, one naturally suspects that it 
might be possible to feed in a.c. at one end and take 
off d.c. at the other. This is possible and such a 
machine is called a rotary converter. 

The rotary converter shown in Figure 2-24. has 
a single winding on one armature for both alter¬ 
nating and direct current. Direct current from an 
external source enters the armature A through 
brushes 51 and B2 and also flows through shunt 
field Sl\ causing the armature to revolve in the 
usual way. Taps are taken off the commutator 
segments underneath the brushes and are connected 
to collector rings CR on the opposite end of the 
shaft, the circuit continuing through the primary of 
an a-c transformer, T. The a-c voltage will be 
maximum when taps to the collector rings are un¬ 
derneath the brushes, and minimum when midway 
between the brushes. The a-c voltage of the con¬ 
verter may be increased by increasing the speed of 
the armature, but the frecjuency will increase simul¬ 
taneously. When such a machine is run as a d-c 
motor and used to supply alternating current, it is 
referred to as an “inverted rotary converter.” 


A. 

\ 

\ 

% 



Fig. 2-22. Disassembled view of Crocker-Wheeler 2 kw. motor-generator with 
alternator of “wound” type. 
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2-8. Dynamotors —Dynamotors are employed 
to change direct current at one voltage to direct 
current at another voltage. This is very convenient 
on small yachts and pleasure craft where, from a 
small battery of low voltage, a high voltage from 



Fig. 2-24. I'undainental circuit of rotary converter. 


300 to 1000 volts can be produced to supply the 
])lates of a vacuum tube transmitter. The dynamo- 
tor has two separate armature windings placed on a 
common rotor. One acts as a motor, the other as a 
generator. There is but one frame and one set of 
field magnets. The two windings are connected to 


r - 

r 


Fig. 2-25. Esco dynamotor and switchlioard. 


commutators at opposite ends of the shaft. The 
ratio of voltage is fixed when the machine is built; 
therefore, the output voltage depends on the applied 
voltage. The field coils receive current from the 
same source as the motor armature. Figure 2-25 



Fig. 2-26. Fundamental circuit of dynamotor. 

.shows the picture of such a machine and Figure 
2-26 the fundamental circuit. 

2-9. Care of Motors and Generators —Modern 
motors and generators are rugged machines but re- 
c[uirc some care if uninterrupted performance is to 
be obtained. The following simple rules should be 
observed: 

1. Avoid sparking at the brushes. This may be 
accomplished by keeping the slip rings, commu¬ 
tator, and brushes clean. The brushes should be 
replaced when they wear down. Fine sandpaper 
may be used in cleaning the commutator and slip 
rings. Emery cloth should never be used because 
of the metallic particles which may short-circuit 
segments of the commutator. 

2. Bearings should be oiled when necessary. 

3. The machine should be cleaned occasionally to 
prevent the accumulation of dirt and grease. 

4. Do not permit the machine to become over¬ 
loaded or overheated. If a hand starter is em¬ 
ployed, the machine should not be started too rapidly 
nor too slowly. 

2-10. Protective Devices —Some means must 
be provided in a radio transmitter to prevent r-f 
currents from flowing back into the power leads and 
thence into the motor and generator windings where 
they may cause damage. 

All power leads are usually run in metal conduit 
and the conduit grounded. In some installations 
lead-covered conductors are employed and the lead 
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sheathing grounded. High-frequency currents in¬ 
duced in the conduit or lead covering are effectively 
grounded, and thus no harm results to the power 
machinery. 

To protect the power machinery, the simple device 
shown in Figure 2-27 is often employed. The mid¬ 
point of the two series-connected condensers is 
grounded. This offers a path of low impedance to 
ground for any high-frequency currents in the 



Fig. 2-27 J’rolectivc capacitor connected across 
motor terminals. 

power leads. Condenser values ranging from 0.1 to 
1 0 ^jif are commonly employed and are used in the 
following circuits: 

1. * Across the motor armature. 

2. Across the motor field. 

3. Across the generator armature. 

4. Across the generator field. 

5. Across the d-c feeders entering the radio room. 

}*r()tective condensers of a motor generator are 

usually made uj) as a unit and mounted directly on 
the frame of the machine. Each terminal of the 
machine is connected to a condenser and the other 
terminal of the condenser is connected to the frame 
of the machine which is grounded. 

2-11. Polyphase Systems—A single-phase a-c 
system is one which is energized by a single source 
of a-c voltage. Two wires are required to dis¬ 
tribute the power in a single-phase system. A two- 
phase system is energized from two independent, 
substantially e(]ual voltages that differ in phase by 
^‘0°. I'hree wires are usually employed to dis¬ 
tribute the power in a two-phase system, although 
four wires are sometimes used. A three-phase sys¬ 
tem is one which is energized by three independent, 
substantially equal voltages that differ in phase by 
120°. Three or four wires are employed to dis¬ 
tribute the power of a three-phase system. The 
expression polyphase system refers to any system 
employing two or more phases; both the two-phase 
and three-phase systems therefore may be classified 
as polyphase systems. 

2-1 la. Two-Phase Systems—Two-phase power 
can be generated by mounting two single-phase 
alternator armatures on the same shaft in such a 
manner that the generated voltages differ by 90 elec¬ 
trical degrees. Two-phase systems were employed 
mainly to operate induction motors but are no 


longer in common use, having been superseded to a 
large extent by the three-phase system. 

When the two armature windings of a two-phase 
generator are connected as shown in Figure 2-28, 
only three wires are required to transmit the power. 

This arrangement is known as a two-phase, three- 
wire system. The center feeder, connected to the 
point common to both armatures, is called the com¬ 
mon wire, while the outside feeders are called the 
phase wires. 

Two different voltages are obtainable from such 
a system. If a connection is made from either 
phase wire to the common wire, the armature volt¬ 
age will be obtained. On the other hand, if the 
connection is made from phase wire to phase wire, 
the voltage obtained will be the armature voltage 
times V2. 

As an example, let us assume that the voltage 
from each of the two armatures of Figure 2-28 is 
120 volts. A connection across wires A and B, or 
B and C will give 120 volts; however, a connection 
acrohs wires A and C will give 169 volts. 



PHASE WIRE 


ARMATURE I. 

COMMON WIRE 


ARMATURE 2. 


PHASE WIRE 




Fig. 2-28. Two-phase three-wire .system. 

A four-wire, two-phase system, Figure 2-29, 
simply employs separate feeders for each phase in 
the same manner that would be employed for two 
single-phase supplies. However, the two voltages 
of a four-wire, two-phase system are displaced by 
90°, Only a single voltage—^the armature voltage— 
can be obtained from such a system as there is no 
connection between the two armatures. 



Fig, 2-29, Two-phase four-wire system. 

2-llb. Three-phase Systems —^A three-phase 
alternator has three separate windings so arranged 
that three equal voltages, each separated by 120°. 
are generated. Three-phase systenVs are in wide 
use in the distribution of electrical power in this 
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country, having replaced two-phase systems almost 
completely. 

If the three armature windings of a three-phase 
alternator are connected as in Figure 2-30, they are 



Fig. 2-30. Y- or star-connected armature. 


said to be star- or Y-connected. If connected in 
the manner shown in Figure 2-31, they arc said to 
be delta (A )-connected. 

A three-phase, three-wire system may be supplied 
by either a Y-connccted or a delta-connected gener¬ 
ator. When a delta-connected generator is em¬ 
ployed, the voltage across any two line wires is the 
same as the voltage across any of the armature 
windings. For example, if a voltage of 120 is 
maintained across each of the three armature wind¬ 
ings, Figure 2-31, a voltage of 120 will be obtained 
across wires A and B, A and C, or B and C. 

In the case of a three-wire, star-connected sys¬ 
tem, the armature and line voltages are not the same, 
the line voltage being V3 (1.73) times greater than 


the armature voltage. For example, if the three 
armature voltages of Figure 2-30 were 120, the 
voltages across line wires A and B, A and C, or B 
and C would be 120 X V3 or 208 volts. 



A three-phase, four-wire arrangement is shown 
in Figure 2-32. A Y-connected generator must be 
used in such a system as the fourth, or neutral wire, 
connects to the point common to all three armature 
windings. With this system, a connection to any 
line wire and neutral wire will give a voltage equal 
to the armature voltages, whereas a connection be¬ 
tween any two line wires will, as in the case of the 
three-wire system, give a voltage \/3 times greater 
than the armature voltage. As an example, assum¬ 
ing again that each of the armature windings are 
delivering 120 volts, the voltage between any two 
line wires will be 208 volts, whereas the voltage be¬ 
tween any line wire and the neutral wire will be 



Fig. 2-32. Three-phase four-wire system supplying power to lighting circuits and 

three-phase motors. 
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120 volts. This arrangement is quite useful in the 
arrangement shown in Figure 2-32, where the three 
phases combined are employed to operate a three- 
phase motor or other equipment requiring the 
simultaneous use of all three phases, and the indi¬ 
vidual line wires operating against the neutral wire 
are employed to supply lighting circuits. 


From the above discussion, it must not be assumed 
that polyphase alternators are always wound to pro¬ 
duce a voltage of 120 from each armature winding. 
As a matter of fact, the generated voltages are usu¬ 
ally much higher, being stepped-down by means of 
suitable polyphase transformers (which also may 
be either Y- or delta-connected) at the point of use. 



CHAPTER 3 


BATTERIES 


In general, there are two basic types of cells— 
the primary cell and the secondary, or storage, cell. 
A primary cell is a device for producing electrical 
energy by electrochemical action. Some elements 
of the cell are consumed during the process and, 
when all useful energy has been utilized, the cell 
must be discarded or certain parts renewed. 

The secondary, or storage, cell differs from the 
primary cell in that when it has given out all the 
energy the chemical action enables it to supply, in¬ 
stead of requiring new elements, the cell can be 
completely regenerated or brought back to the origi¬ 
nal condition by passing a current through it in a 
direction opposite to that in which the flow took 
place during the discharge. The charging current 
simply reverses the chemical action and restores the 
plates and electrolyte to the composition they had 
before the discharge. 

A storage cell does not act as a storage place for 
electricity as its name may imply. The charging 
current merely restores the active material of the 
plates and electrolyte to their original condition. 
The storage cell is completely reversible and can be 
repeatedly charged and discharged until the plates 
are worn out by the di.slodging of the active 
material. 

A battery is an assembly of two or more cells 
connected in a manner to provide greater voltage 
or capacity than obtainable from a single cell. 
From this it can be seen that the word “battery” 
should only be used when speaking of a bank of 
cells and the word “cell” when speaking of a single 
cell. In common practice, however, the two words 
are often erroneously used interchangeably. 

3-1. Primary Cells —One of the most elemen¬ 
tary primary cells is the zinc-copper-acid type illus¬ 
trated in Figure 3-1. It consists of two metal 
plates, one copper the other zinc, suspended in a 
glass containing a dilute solution of sulphuric acid. 
When the switch is closed, the voltmeter will indi¬ 
cate a voltage of about one volt and tbe ammeter 
will indicate a small current flow dependent on the 
value of the resistor R. It will be found that the 
zinc electrode is negative in polarity whereas the 
copper electrode is positive. The direction of elec¬ 
tron flow in the external circuit is from zinc anode 
to copper cathode. 

The zinc anode assumes a negative polarity as a 
result of the zinc ions leaving its surface while the 
zinc is attacked by the electrolyte. At the same 
time positively charged hydrogen ions are liberated. 
The hydrogen ions tend to be repelled from the zinc 
because of the positive charge in the solution sur¬ 


rounding the zinc caused by other hydrogen ions. 
Upon reaching the copper plate, they give up their 
positive charge and then collect around the copper 
plate as hydrogen bubbles. 

After operation of the cell for a short time, the 
hydrogen, a nonconductor, accumulates sufficiently 
to reduce the voltage of the cell until its output is 
negligible. This reduction of output due to the 
hydrogen formation around the cathode is known 
as “polarization.” Polarization is a temporary sus¬ 
pension of the functioning of the cell. The cell’s 



u.sefulness will be restored if the load is removed 
and the cell given time to recover. Polarization has 
been overcome in practical primary cells by the in¬ 
troduction into the cell of a substance rich in oxygen 
which combines with the hydrogen to form water. 
Manganese dioxide containing one atom of man- 
ganc.se and two of oxygen is commonly used for this 
purpose. 

Another difficulty sometimes encountered in pri¬ 
mary cells is known as “local action.” Local action 
occurs when the zinc of the negative electrode is not 
pure. When impure zinc is used, a multitude of 
miniature cells are formed at the surface of the zinc 
with the result that the zinc will be consumed even 
if the cell is not in u.se. Commercial zinc, contain¬ 
ing some impurities, may be used provided it is 
amalgamated, that is, coated with mercury. This 
treatment is effective in preventing local action. 
Another method of amalgamating the zinc which is 
sometimes used consists of adding a small amount 
of mercuric salts to the electrolyte. This will be 
deposited on the zinc and protect it against local 
action. 

3-la. The Dry Cell —Of all the types of pri¬ 
mary cells the dry cell is by far the most commonly 
u.sed. The dry cell is frequently employed to oper¬ 
ate portable radio receivers, amplifiers, and other 
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electronic devices. A cut-away view illustrating the 
internal construction of a dry cell is shown in Fig¬ 
ure 3~2. The anode is zinc, which serves the double 
purpose of negative electrode and container for the 
cell. The positive electrode consists of a carbon rod 
surrounded by a mixture of granulated carbon and 
the depolarizer manganese dioxide. The carbon 
and the manganese dioxide are saturated with the 



3-2. C«t-away view of dry cell. 


electrolyte which is usually a mixture of sal- 
aniiijoniac and zinc chloride. This mixture of car- 
1 ) 0 . 1 , manganese dioxide, and electrolyte is separated 
from the zinc by means of porous paper, cloth, or 
a thin layer of organic compound such as starch. 
Terminals are fastened to the zinc container and 
carbon rod. A layer of sealing wax at the top 
.seals the cell which is then placed in a cardboard 
container for protection and insulation. 

A single dry cell provides a voltage of approxi¬ 
mately 1.5 volts when new. This voltage will de¬ 
crease as power is taken from the cell and the end 


of its useful life is reached when the voltage drops 
to approximately 0.9 volts. The cell must then be 
discarded and replaced. The length of service is 
dependent upon the size of the cell. 

Dry cell batteries (Figure 3-3), containing a 
large number of small cells connected in series, are 
often used when high voltage is required for the 
operation of portable radio e(|uipment. Such units, 
which are manufactured in small compact units, are 
known as batteries. A common size of this 
type of battery contains 30 cells and supplies a 
voltage of 45 volts. 

3-2. Storage Batteries —Storage batteries will 
be found in virtually every ship and aircraft radio 
installation. On shipboard, they arc used to operate 
receivers and as an emergency source of power to 
operate the radio transmitter, to start gasoline- 
driven emergency generators, and for routine opera¬ 
tion of direction finders, auto-alarm devices, and 
lifeboat radios. On aircraft installations they are 
employed to operate dynamotors and to supply 
power to the filaments of the receiving and trans¬ 
mitting tubes. There are two types of storage bat¬ 
teries in general use, the lead-acid type and the 
nickel-alkaline or Edison type. Both types, as well 
as charging circuits, are described in the following 
paragraphs. 

3-3. Lead-Acid Battery —In general, the lead- 
plate, sulphuric-acid cell consists of lead plates im¬ 
mersed in a dilute sulphuric acid solution. If two 
lead plates are immersed in a dilute solution of 
sulphuric acid and then connected to a charging 
current, it will soon be noted that the character of 
the plates has changed. One of the plates will have 
become brown in color because of the formation of 
peroxide of lead; the other plate will be light gray 
in color as a result of the formation of pure lead on 
its surface. Now if the charging current is dis- 



Fig. 3-3. Dry batteries opened to show assembly of cells. 

At left; 45-volt radio B battery with 30 cells in series. At right: 1^-volt general utility 

battery of 4 cells in parallel. 
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connected and a voltmeter connected across the cell 
terminals, it will be found that the cell has become 
a source of electrical energ^y, the brown plate being 
positive in polarity and the gray plate negative. 
Current will flow from this cell in a reverse direc¬ 
tion from the charging current. 

3~3a. Plate Construction —The average com¬ 
mercial cell plates are made by pasting the active 
elements into lead grids. After the grids are cast, 
they are pasted with oxides of lead made into a 
paste of special composition which sets, in drying, 
like cement. The plates then go through an electro¬ 
chemical process which converts the material of the 
positive plate into brown peroxide of lead and that 
of the negative plate into gray, spongy lead. Plates 
of this type of construction are illustrated in Fig¬ 
ures 3-4 and 3-5. 



Fig. 3-4. Negative plates Fig. 3-5. Positive plates 
of lead battery. of lead battery. 

Both the positive and negative plates are provided 
with an extension or lug, and they are so assembled 
that all the positive lugs come at one side of the 
container and all the negative lugs at the other, 
enabling all the lugs of each set to be burned to¬ 
gether with a connecting strap and thus giving one 
positive and one negative pole. The burning is 
done by a hydrogen flame, which melts the metal of 
both lugs and strap into an integral union. There 
is usually one more negative plate than positive, 
both outside plates of the grid being negative. The 
straps are made of hard lead alloy and arc provided 
with posts to which the cell connections are made. 

3-3b. Separators—To prevent contact between 
adjacent plates, separators made of light pieces of 
wood veneer, hard rubber, glass mat, porous rubber, 
or other material are placed between them. The 
spacers are usually grooved or perforated to allow 
free circulation of electrolyte and permit the release 
of bubbles of gas. 

3-3c. Electrolyte—The electrolyte for the lead- 
acid cell is a dilute solution of pure sulphuric acid. 


The strength of the solution varies slightly in cells 
of different types. 

3-3d. Containers —The container for portable 
batteries is usually made of a hard-rubber com¬ 
pound; but larger batteries, which are used in a 
stationary position, are generally contained in glass 
or lead-lined tanks. The plates rest on stiff ribs or 
ridges in the bottom of the container allowing space 
for the accumulation of sediment. 

3-3e. Voltage Characteristics— The terminal 
voltage of a fully charged lead-acid cell is approxi¬ 
mately 2 volts. This voltage is gradually reduced 
as the cell is discharged until it reaches a value of 
1.7 volts at which time practically the complete 
capacity of the cell has been delivered. It is not 
desirable to continue the discharge beyond this 
point, except when the cell is delivering current at 
much more than normal rate; for example, at 10 
times the normal rate of discharge it is permissible 
to continue the discharge until the voltage of the 
cell has fallen to about 1.4 volts. 

3-3f. Unit of Capacity —The capacity of the 
storage battery is expressed in ampere-hours. The 
ampere-hour is a unit of measurement indicating a 
current flow of one ampere for one hour. The ca¬ 
pacity of a storage battery capable of delivering 10 
amp for 12 hours could therefore be expressed as 
120 ampere-hours. The ampere-hour capacity of a 
cell depends for the most part upon the number, 
size, and thickness of the plates, the concentration 
of the electrolyte, the temperature, and the discharge 
rate. 

3-3g. Discharge Rate —In rating the capacity 
of the storage battery it is necessary for the manu¬ 
facturer to state the normal discharge rate. This 
is sometimes given in amperes and at other times in 
hours. If either is known, the other can easily be 
calculated. The capacity of the battery, in ampere- 
hours, is based on the battery being discharged at 
the normal discharge rate. If current is taken from 
the battery at lower than the normal discharge rate, 
the battery will give a greater ampere-hour capacity. 
If current is removed at a greater than normal rate, 
the capacity will be lower. The capacity rating of 
portable and vehicle batteries is usually based on a 
20-hour discharge rate, that is, a battery rated at 
120 ampere-hours will deliver 6 amp for 20 hours. 

3-3h. Discharge Voltage Limit —The discharge 
of a battery must be stopped when it has reached 
the discharge voltage limit, which depends upon the 
type of cell, the concentration of the electrolyte, and 
the rate of discharge. The discharge voltage limit, 
when given on the battery name plate, is for the 
normal discharge rate. 

As stated earlier, a battery discharged at a high 
rate can be carried to a lower voltage limit than a 
battery discharged at a long, low rate. During high 
rates of discharge the chemical reactions in the cell 
are very rapid, forming sulphate in the outer layers 
of the active material of the plates, making it diffi- 
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cult for the acid to reach the interior portions of the 
plates and increasing the internal resistance of the 
cell, causing the voltage to drop quickly. It may, 
therefore, be allowed to drop lower than during 
either a long, low-rate discharge or an intermittent- 
rate discharge, since only a fraction of the capacity 
of the cell is withdrawn even though the voltage is 
carried lower, 

3-3i. Chemical Action During Charge and Dis¬ 
charge —When a cell is fully charged, the nega¬ 
tive plate is lead sponge, Pb, and tlie positive plate 
IS lead peroxide, Pb 02 , the specific gravity of the 
electrolyte (sulphuric acid, H 2 SO 4 and water, H 2 O) 
is at its maximum between 1.210 and 1.220 for large 
stationary batteries and 1.250 to 1.280 for portable 
and vehicle batteries at temperatures of 70 to 80° F. 
Chemical energy is stored in the cell in this 
condition. 

When a battery is supplying energy (discharg¬ 
ing), the II 2 SO 4 of the electrolyte is divided into 
Ho and SO 4 . The H 2 combines with .some of the 
oxygen of the lead peroxide and forms water, the 
SO 4 combining witli the liberated Pb of the positive 
plate to form lead sulphate. The SO 4 also forms 
lead sulphate at the negative, Pb, plate. As the dis¬ 
charge progresses, both plates arc finally reduced so 
that they contain considerable lead sulphate, 1 * 1 ) 504 . 
'J'he water formed has diluted the acid, lowering the 
specific gravity of the electrolyte. When the plates 
are entirely sulphated, current will cease, since the 
plates are identical, and any cell requires tw'o dis¬ 
similar plates in the electrolyte. In practice, how¬ 
ever, the discharge is always stopped before the 
plates have become entirely reduced to lead sulphate. 
The lead sulphate that has formed by the acid in 
contact with the plates is more bulky than the lead 
sponge or lead peroxide, just as copper sulphate on 
copper, or iron rust on iron, is more bulky than the 
amount of copper or iron eaten away. The lead 
sulphate, because of its increased volume, fills the 
pores of the active material, until finally, near the 
end of the discharge, the circulation of acid in the 
pores of the plates is retarded because of the in¬ 
creased bulk of the lead sulphate. Since the acid 
cannot get into the plates to maintain the normal 
action, the cell becomes less active, as indicated by 
the drop in voltage. 

During charge, when a current from an external 
source is passed through the battery in a reverse 
direction, the chemical action is reversed. It will 
be remembered that during the discharge the acid 
of the electrolyte went into and combined with the 
active material, filling its pores with sulphate and 
causing the electrolyte to become weaker. Revers¬ 
ing the current through this sulphate in the plates 
restores the active material to its original condition 
and returns the acid to the electrolyte. Thus, dur¬ 
ing charge, the lead sulphate, PbS 04 , on the positive 
plate is converted into lead peroxide, Pb 02 . The 
lead sulphate on the negative plate is converted inta 


sponge lead, Pb. The electrolyte gradually becomes 
stronger as the SO 4 from the plates combines with 
the hydrogen to form acid, H 2 SO 4 , until no more 
sulphate remains and all the acid has been returned 
to the electrolyte. It will then be of the same 
strength as before the discharge and the same acid 
will be ready to be used over again during the next 
di.scharge. 

Since there is no loss of acid, none should be 
added to the electrolyte. The acid ab.sorbed by the 
plates during discharge is, during charge, driven 
from the plates by the charging current and restored 
to the electrolyte, thereby making the battery avail¬ 
able for another discharge cycle. 

3-3j. Charging Rate —battery can be charged 
at as high a rate as desired, provided that the 
charging current does not cause excessive gassing 
or produce a cell temperature in excess of 110° F. 
When fully discharged, the battery can absorb cur¬ 
rent at the highest rate. As the charge progresses, 
the plates can no longer absorb current at the same 
rate and the excess current goes to form gas and 
heat. In a battery which is charged or nearly 
charged, the plates can absorb current without ex¬ 
cessive gassing only at a low rale; a high charge 
rate will be almost entirely used in forming gas, 
lesulting in high temperature and dislodgement of 
the active material from the plates and conseciuent 
shortening of the battery life. 

Thick-plate lead-acid batteries are not ordinarily 
to be given a full charge (from a completely dis¬ 
charged condition) in less than 8 to 12 hours. 
Thin-plate batteries may be charged more rapidly 
but careful supervision is required if the time for a 
complete charge is less than 5 hours. It is quite 
possible to damage a storage battery during a single 
fast charge. 

3-3k. Determining State of Charge —One 

method of determining the state of charge of a 
storage battery is a reading of the cell voltages. 
Voltage readings must be taken with the battery 
delivering current, since the open-circuit voltage 
gives no reliable indication of the battery condition. 
The voltage at the beginning of the discharge is 
approximately 2.06 volts per cell and at the end of 
discharge has fallen to 1.7 to 1.75 volts per cell. 
It will be recalled that the voltage may fall far 
below this during a fast discharge; therefore, a 
voltage reading is only a rough indication of the 
state of charge. 

A far better indication of the state of charge is 
given by reading the specific gravity of the electro¬ 
lyte. The normal specific gravity of the electrolyte 
should be, with the cells fully charged, between 
1.270 to 1.280 for portable and vehicle batteries and 
1.210 to 1.240 for large stationary batteries. Dur¬ 
ing discharge, the specific gravity of the electrolyte 
of portable and vehicle batteries falls 100 to 150 
points; therefore, this type of cell should be charged 
wht» specific gravity reaches 1.180 to 1.130. 
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The reduction in specific gravity of stationary bat¬ 
teries during discharge is usually not as great. The 
manufacturer's instructions should be consulted to 
find the recommended minimum specific gravity 
value. 

3-31. The Hydrometer —The specific gravity of 
the electrolyte of the lead-acid cell is read by means 
of a hydrometer (Figure 3-6). The hydrometer is 
a small glass tube, closed at both ends, and weighted 
with lead shot at one of them. Inside the upper 
part of the tube is a graduated scale marked from 
1.100 to 1.300. 1'he hydrometer floats when placed 
in a fluid, displacing the fluid in accordance with 



Fici. 3-6. Acid hydrometer showing difference in 
specific gravity of two electrolytes. 

the fluid’s specific gravity. The density of the 
fluid is read at the point where the water line of the 
fluid meets the graduated scale of the hydrometer. 

Hydrometers for use with portable and vehicle 
batteries are usually of the syringe type. The 
syringe permits the removal of a small portion of 
the cell electrolyte into a glass tube containing the 
hydrometer. After the specific gravity has been 
read, the solution is returned to the cell. In large 
stationary batteries the hydrometer is usually im¬ 
mersed directly into the electrolyte of the cell. 

Although rarely employed in tliis country, hy¬ 
drometers graduated in the Baume scale may some¬ 
times be encountered in foreign countries. The 
Baume hydrometer operates in the same manner as 
the specific gravity hydrometer except that it is 
calibrated in Baume degrees. Should a hydrometer 
of this type be used, the reading may be converted 
to specific gravity by means of the following 
equation: 

Specific Gravity 

__U5_ 

145 — Hydrometer reading in Baum6 degrees 


For example, a reading on a Baume hydrometer of 
29® would be converted to specific gravity in the 
following manner. 

145 

Specific Gravity = = 1.250 

S-3m. Height of Electrolyte —The electrolyte 
should be kept at the correct height above the tops 
of the plates at all times. This height varies with 
different makes and types of batteries, but in general 
it should be kept at as high a level as will allow the 
battery to be charged without overflowing, that is, 
without causing the electrolyte to run out at the 
filling tubes while charging. 

3-3n. Use of Pure Water —Only approved 
water should be used to replace that lost by evapora¬ 
tion. Distilled (but not merely boiled) water is 
approved. Water taken from wells, springs or 
rivers is often satisfactory, but should not be used 
unless approved. Never transport or store water in 
any metallic vessel except lead. Keep the receptacle 
clean and covered to keep out impurities. Glass, 
earthenware, rubber, or wooden receptacles that 
have not been used for any other pur])Ose are sjxtis- 
factory. If water is drawn from a tap, it should 
be allowed to run a few minutes before using it. 

3-3o. Specific Gravity Adjustment —It should 
never be necessary to add acid to the electrolyte 
except to replace actual loss of acid due to electro¬ 
lyte spillage or a leaky container. 

If the specific gravity of a cell is too low and 
adjustment is necessary, first, be sure that charging 
will not raise the specific gravity. To check this, 
charge the cell until the specific gravity shows no 
rise and then charge at a low rate for five addi¬ 
tional hours. A specific gravity adjustment should 
never be made on a cell which does not gas during 
charge. To adjust low gravity, new electrolyte of 
1.300 specific gravity should be added to the cell 
instead of water when replacing evaporation loss 
until the specific gravity at the end of a complete 
charge is up to normal. No further adjustment of 
electrolyte should be made. 

Sulphuric acid is usually sold and shipped in con¬ 
centrated form. It is an oily, syrupy liquid, and 
much heavier than water, having a specific gravity 
of 1.835. In purchasing the acid, care must be 
taken to specify that it be chemically pure. To 
prepare the acid for use in storage cells, one part 
of acid is added to about four parts of water. 
Nether add water to the acid, since the chemical ac¬ 
tion of this combination is quite violent and there 
is danger of the steam from the water throwing acid 
on the clothes or hands. The acid must be slowly 
added to the water while constantly stirring the 
mixture. This process must be carried on in a clean 
glass, earthenware, or lead container. If placed in 
an ordinary metal container, chemical action will 
start at once between the acid and the metal and 
the electrolyte will become contaminated. 
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3-3p. Imparities —Impurities in the elctrolyte 
will cause a cell to work irregularly. Should it be 
known that any impurity has entered the cell, it 
should be removed at once. If removal has been 
delayed and any considerable amount of foreign 
matter becomes dissolved in the electrolyte, this 
solution should be replaced with new solution im« 
mediately, thoroughly flushing the cell with water 
before putting in the new electrolyte. 

3-3q. Buckled Plates —Buckled plates are 
plates which have been bent and warped out of 
shape Lead, like most material, will expand under 
the action of heat, but it has a very low elastic limit 
and, once expanded, it will remain in that condition. 
If the temperature is kept below 110® F, plates will 
not buckle. Most buckled plates are caused by con¬ 
tinued ovcrdischargc or lack of charge. 

3-3r. Broken Container —If a container should 
be broken, do not allow the plates to dry. If there 
is no extra container on hand, remove the cell 
(either with or without its container) from the cir¬ 
cuit, immerse it in a wooden bucket filled with water 
and keep it covered with water until ready to re¬ 
install it. 

3-3s. Sulphation —4 lead-acid storage battery 
should be charged as soon as possible after dis¬ 
charge, If it is allowed to stand for a considerable 
length of time in a discharged condition, the lead 
sulphate wdiich is formed in the active material of 
the plate during normal discharge will change in 
form and become hard and insoluble in sulphuric 
acid, d'his suljdiate ha-, a high resistance and is 
very difficult to remove. Because of the hard, in¬ 
soluble nature of this material it will cause, if 
allowed to accumulate on the active material to any 
appreciable extent, an increase in the internal re¬ 


sistance of the battery and a reduction in its capac¬ 
ity. When this occurs, the battery is said to be 
sulphated. If allowed to go unchecked, this sul¬ 
phate continues to increase in volume and may bend 
or buckle the plates. If recognized in its early 
stages, sulphation may be remedied by giving the 
battery a long, contitnied charge at a low charging 
rate. If this is not effective, the battery should be 
given a series of low-rate charges and discharges 
until it is restored to normal condition. 

3-3t. Freezing Point of Electrolyte —The 
freezing temperature of the electrolyte of the lead 
acid cell varies with the concentration of the solu¬ 
tion and, therefore, depends upon the .state of charge 
of the cell. As the concentration of the solution is 
much lower when the battery is discharged, danger 
of freezing is greatest at that time. The electrolyte 
of a discharged cell may freeze at temperatures of 
— 10® C (-|-14® F) or even higher. When the cell 
is fully charged, danger of freezing is much less, 
being about —40® C (—40® F) for portable and 
vehicle batteries. 

3-4. The Edison Battery —The nickel-alkaline 
type of storage battery is commonly knowm as the 
Edison battery. It differs in construction, chemical 
action, and electrical characteristics from the lead- 
acid battery. It is in common use, although infre¬ 
quently found in marine or aircraft installations. 

3-4a. Electrolyte —The electrolyte used in Edi¬ 
son cells is composed of pure distilled water com¬ 
bined with a 21 percent solution of potassium hy¬ 
drate mixed with a small portion of lithium hydrate. 
It has a specific gravitv of approximately 1.200 at 
60® F. and a freezing point of - 28° C ( - 18.4° F) 
regardless of the state of charge. 



Fig. 3—7. Plates of the nickel-alkaline cell with enlarged views of positive tube and 

negative pocket. 
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Fig. 3-8. Sectional view of Edison storage battery. 


The specific gravity of the cells changes little 
ivith charge and discharge and, therefore, is of no 
value in determining^ the condition of the cell. 
However, throug^hout the useful life of the cell the 
electrolyte g:radually weakens, and for this reason 
specific g^ravity reading's are of value in determining 
when a renewal of solution is necessary. The low 
limit of specific gravity is 1.160 and is usually 
accompanied by sluggishness and a temporary loss 
of capacity. 

3~4b. Plate Construction —The positive plate is 
made up of many perforated, nickel-plated steel 
tubes into which have been packed, under heavy 


pressure, alternate layers of nickel hydrate, the 
pfisitive active material, and pure flake nickel, 
li^ach tube is reinforced by eight seamless steel 
rings. The negative plate is composed of a steel 
grid supporting many perforated nickel-plated steel 
pockets. Iron oxide, the negative active material, 
is loaded into these pockets, which are then secured 
to the grids by means of hydraulic pressure. 

3-4c. Chemical Action —The fundamental prin¬ 
ciple of the Edison storage battery is the oxidation 
and reduction of metals in an electrolyte which 
neither combines with nor dissolves either the metals 
or their oxides. Although the electrolyte is decom- 
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posed by charp^e and discliar^e, it is reformed again 
in equal quantities and, therefore, its density and 
conductivity remains the same over a long period of 
time. Because the active materials of the plates 
are insoluble in the electrolyte, no chemical decom¬ 
position takes place therein. 

The chemical reactions in charging are (1) the 
oxidation from a lower to a higher oxide of nickel 
in the positive plate, and (2) the reduction from 
iron oxide to metallic iron in the negative plate. 
The oxidation and reduction are performed by the 
oxygen and hydrogen set free at the respective poles 
by the electrolytic decomposition of water during the 
charge. 

The discharge of the cell is simply the reverse of 
the above reactions, the hydrogen reducing the 
higher oxide of nickel to a lower oxide, and the 
oxygen oxidizing the iron to iron oxide. 

3^d. Container —The container of the Edison 
cell is made of nickel-plated sheet steel with the 
sides corrugated to provide additional strength. 
The sides, lop, and bottom are welded. The ter¬ 
minal posts pass through openings in the top of the 
cell and are sealed by means of rubber gaskets and 
bu-'liings. 'J'o indicate polarity, the bushing at the 
})ositive pole is red, \\hereas that at the negative 
I)ole is black. A filler cap is provided to add water 
and also to allow for the escape of gas. The cap is 
of such construction that the cell can be tipped to 
an angle of 45° without spilling the electrolyte. 

3-4e. Voltage —The average voltage from an 
Edison cell during discharge is 1.2 volts. The fully 
charged voltage is slightly higher, being about 1.4 
volts, dropping to about 1.0 volts when discharged. 

3-4f. Height of Electrolyte —The height of the 
electrolyte should always be kept at least one-half 
inch above the tops of the plates. 'Fhe exact height 
varies with different types of cells and the manu- 
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Fib. 3-9. lieiis'lit of solution, 

facturer’s instructions should be consulted for the 
maximum height permissible. Distilled or approved 
water should be used. 

A convenient method of checking the height of 
the electrolyte is shown in Figure 3-9. A glass tube 
about 8 inches in length and not less than inch 
inside diameter, provided with a short length of 
T libber tubing forced over one end, is inserted in 
the cell until it touches the top of the plates. The 
upper end of the rubber tubing is then closed with 
the finger and withdrawn from the cell. I'he height 
of the liquid in the tube indicates the height of the 
electrolyte above the top of the plates. 
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Fig. 3-10. Characteristic curve of charge and discharge of Edison battery 
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3-4g. Characteristics and Care of Edison Cell— 

Edison cells will not be injured by abuse that would 
almost certainly destroy a lead-acid cell. They can 
be left idle for long periods of time partly or com¬ 
pletely discharged without damage. They can be 
completely discharged until the voltage is zero and, 
even if accidentally charged in the wrong direction, 
will not be injured. 

The Edison cell is lighter in weight than a lead- 
acid cell of equivalent capacity. The voltage per 
cell is lower and the initial cost of an Edison 
battery is higher than a lead-acid battery, although 
this may be offset over a period of time because of 
its longer life. The Edison battery has a higher 
internal resistance than the lead-acid battery, mak¬ 
ing it unsuitable for some applications requiring 
very high discharge rates, such as turning the start¬ 
ing motor in automobiles. 

The following suggestions and precautions should 
be observed to keep a battery of Edison cells in good 
condition: 

1. Never use a hydrometer syringe or any other 
utensil that has been used with lead-acid cells to 
check or add water to an Edison cell. 

2. Never add anything to the electrolyte to pre¬ 
vent freezing. The freezing point of the electrolyte 
is —28® C (— 18® F), which is a temperature not 
often encountered. No permanent injury is caused 
by the severest cold. 

3. During charge and immediately following 
charge, batteries give off hydrogen gas. Inasmuch 
as this gas is explosive in the presence of a spark or 
open flame, extreme care should be taken to see that 
no spark or open flame is permitted near the battery 
or its compartment. All connections should be kept 
tight to eliminate the possibility of sparking due to 
loose connections. 

4. Keep the cells clean and the vent caps free 
from crystals of potash salts which may accumulate 
on the cells. Cell tops of marine batteries are 
coated with rosin vaseline compound. If this is 
removed, it should be replaced with rosin vaseline 
or, if none is available, with regular vaseline. 


3-5. Charging Storage Batteries —Storage bat¬ 
teries are usually charged by connecting them to a 
suitable constant-potential source of direct current. 
The positive terminal of the battery must be con¬ 
nected to the positive terminal of the charging 
source, and the negative terminal of the battery to 
the negative terminal of the charging source. Al¬ 
ternating current cannot be used to charge a battery, 
but it is often rectified and the resulting pulsating 
d.c. employed for charging. 'I'he voltage of the 
charging source must always exceed the maximum 
voltage of the storage battery because the voltage of 
the battery exerts a back e.m.f. on the charging 
voltage. If the back e.m.f. of the battery is greater 
than the charging voltage, no charging current will 
flow through the battery. 

A variable resistance is usually connected in series 
with the charging circuit to regulate the amount of 
current flowing through the battery. It has already 
been shown that the charging rate can be consider¬ 
ably higher at the start of the charge hut must he 
decreased when excessive gassing occurs or when 
the temperature of tlu* cell becomes too high. 11ie 
variable resistor provides the means of controlling 
the charging current. 

A lamp bank provides a convenient method of 
adjusting the correct charging rate to a battery. 
An arrangement of this type is shown in Figure 
3-11. In order to increase the charging rate, the 
number of lamps connected in parallel are increased. 
To decrease the charging rate, the number of lamps 
in parallel should be decreased. Lamps with a high 
wattage rating will increase the charging rate, 
whereas small lamps decrease the charging rate. 
There arc also resistance coils which can be con¬ 
veniently screwed into a lamp socket. This type of 
resistance unit has sufficient current-carrying capac¬ 
ity to replace several lamps which would otherwise 
be necessary in onler to secure the same charging 
rate. A protective device in the form of an under¬ 
load circuit breaker is usually em])loyed in charging 
circuits. In the event the charging voltage is cut 
off or drops below that of the battery, the circuit 
is interrupted, preventing the battery from dis- 



Fig. 3-11. Charging circuit wth lamp bank resistance and 
underload circuit breaker. 
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Fig. 3-12. Battery charge-discharge control panel. 


t'liaijjinp: tlirouf^h the generator. Should the bat- 
tciy discharge through the generator, it may result 
ill a rever.sal of the residual magnetism of the field 
poles and, coiisetiuently, the output of the generator. 

3-5a, Determination of Polarity —The polarity 
of the charging voltage may be determined in the 
following ways; 

1. By a d-c voltmeter of the movable coil type. 

2. By use of a raw potato. 

3. By dipping the terminals in a glass of plain or 

salt water. 

Direct-current voltmeters of the movable coil type 
have the correct polarity marked on the binding 
posts. If connected properly to a source of direct 
current, the needle will move in the correct direction 
on the scale, but, if connected improperly, the needle 
will move off the scale in a direction to the left of 
the zero position, '^riie wire connected to the posi¬ 
tive terminal of the voltmeter is the positive ter¬ 
minal of the mains and the other, of course, the 
negative terminal. 

Inserting the wires about can inch or two apart 
momentarily into a raw potato provides a path for 
a small current to flow. The starch of the potato 
is decompo.sed, causing that portion of it surround¬ 
ing the positive terminal to turn blue. 

When the terminals are dipped in a glass of plain 
or salt water, bubbles will appear at the negative 
terminal. 

3-5b. Charging When Battery Voltage Ex¬ 
ceeds That of Generator —It has already been 
stated that in order to charge a battery the charging 


voltage must exceed that of the battery. Occasion¬ 
ally batteries employed aboard ships supply a total 
voltage of 120 or more. Usually, Edison batteries 
in such installations have 90 or more cells, and the 
lead-plate batteries have 60 cells. In order to 
charge such batteries from the ship’s generator, 
which normally supplies 110 volts, the battery is 
split into two equal banks and the two banks are 
charged in parallel. When placed on discharge, 
they are connected in scries. This is accompli.shed 
by either a three- or four-pole double-throw switch. 

3-5c. Trickle Charge—A method of charging 
a battery held ready for emergency work or a bat¬ 
tery not in service is known as a “trickle charge.” 
A trickle charge is a continuous charge at a low 
rate, approximately equal to the internal losses of 
the battery and suitable to maintain the battery in 
a fully charged condition. With this method a small 
charging current is passed continually through the 
battery. The only precautions to be observed are 
that reasonably good ventilation is provided and 
that water is added at sufficiently frequent intervals 
to replace that lost by evaporation. 

Trickle charging is also frequently employed to 
keep batteries supplying intermittent power fully 
charged. In this case a slightly higher charging 
rate is employed. 

If a trickle charging system is employed to keep 
an emergency battery fully charged at all times, its 
operation should be checked periodically until it is 
certain that the system is not giving too much nor 
too little charge. If the specific gravity continues 
to drop, the battery is not receiving enough charge. 
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There is a widespread impression that a lead-acid 
battery held ready for emergency should be given 
periodic cycles of discharge and charge in order to 
maintain its normal capacity. If such a battery is 
kept on a trickle charge at the recjuired rate, when 
not in use, it will be fully charged and capable of 
delivering its maximum capacity at the normal dis¬ 
charge rate during iin emergency. 

3“5d. Equalizing Charge —At regular intervals, 
such as once a week for a battery in daily use, an 
overcharge at a low rate is desirable to recluce com¬ 
pletely the lead sulphate and bring all the cells of 
the battery up to full charge. This is known as 
an equalizing charge. Batteries not in daily use 
require an equalizing charge less frequently. 

The ecjualizing charge should be a continuation of 
the regular charge and should be carried out at a 
rate not higher than the charging rate at the com¬ 
pletion of the regular charge and lower if possible. 
It should he continued until no increase in specific 
gravity or cell voltage is noted in three consecutive 
readings taken at half-hour intervals. 

Although a frequent equalizing charge is desirable 
and beneficial to a battery, persistent overcharging 
is very undesirable as it tends to dislodge the 
active material from the positive jilate of the cell. 

S-5c. Battery Charging Panel —A small battery 
charging panel, typical of the type which for many 
years has been employed on ships for the purpose 
of charging the 12-volt storage battery associ.ated 
with low-power emergency transmitters, is shown in 
Figure 3-12. The double-pole double-throw switch, 
when thrown to the left, places the batteries on 
charge directly from the ship’s jiower. The charg¬ 
ing current is regulated by fixed resistors on the 
back of the panel. The switch is thrown to the 


right to discharge the batteries. The ammeter on 
the panel indicates the rate of charge and discharge. 
When the battery is neither on charge nor dis¬ 
charge, the ammeter pointer reads zero at the center 
of the scale. On the left side of zero, the scale is 
marked “charge”; on the right side “discharge.” 
When the batteries are placed on charge, and the 
charging polarity is correct, the meter pointer will 
move to the “charge” side of the scale. If the po¬ 
larity is reversed, it will indicate on the “discharge” 
side, and, in this case, the switch should immediately 
be opened. 

On small charging panels of this type, no protec¬ 
tive circuit breakers are provided and the operator 
is required to take the batteries off charge whenever 
the ship’s generator is shut down. If this is not 
done, the batteries will discharge through the wind¬ 
ings of the generator, possibly resulting in reversal 
of the polarity of the machine when it is again 
started. 

3--5f. Charging Circuit of RMCA ET-8025 
Transmitters —Figure 3-13 shows the circuit ar¬ 
rangement for controlling the charge of the 12-volt 
emergency storage batteries associated with the 
Radiomarinc Corporation of Ame|;ica Model ET- 
8025 Radiotelegraph 1'ransmitter. The charging 
panel includes eight series-connected 1.37-ohm re¬ 
sistors (10.% ohms total) for the full charging rate 
of ai)])roximately 9 amp. For trickle charging, two 
parallel-connected 100-ohin resistors (50 ohms 
total) are connected in series with the 10.96-ohni 
resistor group. This provides a trickle charging 
r.'ite of approximately 1.5 amp. 

Instructions relating to the maintenance of this 
battery read as follows: 



Fig. 3-13. Schematic of charijing circuit associated with 
KMC A model ET-8025 transmitter. 
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“It is important neither to undercharge nor overcharge 
the battery. Recommended i)rocedure is to keep the bat¬ 
tery on trickle charge while the operator is on duty, as 
this will minimize the amount of heat dissipated in the 
radio room. Battery gravity should be checked periodi¬ 
cally and the full charging rate used whenever necessary 
to keep the battery in good condition. Attention of radio 
operators is directed to section K,118 of F.C.C. Ship 
Rules regarding daily tests of emergency storage bat¬ 
teries for polarity and correct charging rate. 

When taking gravity readings, use one cell as a pilot 


cell, selecting a second pilot cell every six months or so 
in order to equalize any small loss of electrolyte over all 
six cells. 

Exercise great care that the battery is never acci¬ 
dentally discharged. Normally, keep the charge- 
discharge switch in the i haroe jx^sition unless the E1'- 
8025 transmitter is to be used. This may be done with¬ 
out overcharging the battery, since, if charging is n(»t 
required the 12 v bat. i iiakok (' 1 Ki hit switch can be left 
in the okk position. Always leave this switch off if the 
vessel lays up, or is in drydock.” 





CHAPTER 4 


THE ELECTRON TUBE 


An electron tube consists of a number of elec¬ 
trodes enclosed in a plass or metal enclosure that 
has been totally or partially evacuated. Two elec¬ 
trodes always present are the cathode, which is an 
emitter of electrons, and the anode, which is nor¬ 
mally operated at a positive potential and attracts 
the electrons emitted by the cathode. In all but the 
simplest tubes, there are one or more additional elec¬ 
trodes for controllinjj the intensity, direction, or 
speed of the electron flow from anode to cathode. 

It is no lonjjer possible to call all radio tubes 
“vacuum tubes,” as we constantly employ rectifiers 
and control tubes that have had small quantities of 
}fas or metallic vapor added to obtain the recjuired 
characteristics. 

Electron tubes are classified by the number of 
electrodes they contain. A tube with only two ele¬ 
ments is known as a diode, a tube with three elec¬ 
trodes as a triode, and tubes with four and five elec¬ 
trodes as tetrodes and pentodes, respectively. 

4-1. Electron Emission —Electron emission is 
the process by which electrons escape from a mate¬ 
rial into free space. As has already been explained 
in Chapter 1, in the atoms of some materials the 
outermost electrotis are not held firmly in place but 
are free to move from one atom to another. These 
loo.sely bound electrons, sometimes called unbound 
electrons, not only nitike the conduction of electricity 
through conductors possible, but also provide the 
basic requirement of an electron tube—a source of 
electrons. If sufficient energy is imparted to an un¬ 
bound electron from an external source, it is pos¬ 
sible for the electron to gain .sufficient velocity to 
break through the surface of the material of which 
it is a part and becotne a free electron. This is 
known as electron emission and is the process by 
which free electrons are obtained in the electron 
tube. 

4-2. Types of Emission —The following meth¬ 
ods are frequently employed in electron tulxjs to 
obtain emission of electrons: 

1. Thermal, or thermionic emission, wherein the 
emitting surface is heated to obtain emission of 
electrons. 

2. Secondary emission, where energy is imparted 
to the electrons from high-velocity electrons or ions 
bombarding the emitting surface. 

3. Photoelectric emission, where light falling on 
the emitting surface imparts energy to the unbound 
electrons, thus causing emission. 

4. Field emission, which is caused by the influ¬ 
ence of a strong electrostatic or electromagnetic 
field. 


Of the.se methods, thermionic emission, w'here the 
emitting surface is heated, is by far the most im¬ 
portant and the most frequently encountered in the 
more common electron tubes employed in radio 
work. 

4~3. Thermionic Emission —When heat is ap¬ 
plied to a metal, the movement of its electrons is 
accelerated. As the temi)eralure is increased, the 
velocity of the electrons also increases, until a tem¬ 
perature is reached where .some of the electrons ac¬ 
quire sufficient velocity to break through the surface 
of the metal and become free electrons. This is 
known as thermionic emission and is the most com¬ 
mon method used in electron tubes to produce the 
necessary supply of free electrons. The emission 
of electrons from the healed metal has often been 
compared to the evaporation of va])or from heated 
water. 

In escaping from the metal, the electrons must 
overcome restraining forces which lend to hold 
them within the metal. The energy to accomplish 
this comes from the high velocity of the electrons 
which, in turn, is a result of the heat applied to 
the metal. Only at relatively high temperatures do 
any appreciable number of electrons actiuire the re¬ 
quired velocity to escape through the surface. 

4-4. Cathodes —The simplest type of cathode 
consists of a wire filament of pure metal, usually 
tungsten, through which a heating current is passed. 
This is known as a self-heating, self-emitting cath¬ 
ode and was used in all the early electron tubes. 
This type of cathode is quite inefficient in that very 
high filament power is required. In addition, con¬ 
siderable difficulty with hum is encountered if this 
type of cathode is heated from alternating current. 
Considerable progress has been made in cathode de¬ 
sign since this simple filamentary cathode was u.sed 
exclusively, and present-day catliodes are quite ef¬ 
ficient and free from hum. 

Cathodes may be divided into two general types, 
(a) filamentary or directly heated cathode, and (b) 
the indirectly heated cathode. 

4-4a. The Filamentary Cathode— There are 
two types of filamentary emitters, those of a pure 
metal such as tungsten, and those of a thoriated 
metal or an oxide-coated metal, where the thorium 
or the oxide coating serves to improve the efficiency 
of emission. The latter types are often called self¬ 
heating, coated, emitter-type cathodes. 

In the first group, tungsten is most common, 
although tantalum and molyi)denum are occasionally 
employed. Today, pure metal tungsten filaments 
will be found only in large high-voltage, transmit- 
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ting, rectifying, and X-ray tubes where they are 
used because of their ability to withstand extremely 
high temperatures and high electric field strengths 
at their surface. In this type of service, they usu¬ 
ally provide a longer life than other types of cath¬ 
odes. Tungsten is no longer used in smaller tubes 
operating at medium and low voltages because of 
the high filament power required. 

Thoriated tungsten filaments are made of tungsten 
to which a small amount of thorium oxide has been 
added. When properly treated, a layer of thorium 
about one atom thick is formed on the surface of 
the tungsten. The presence of the thorium results 
in an emitter that liberates electrons at much lower 
temperatures than pure tungsten and therefore re¬ 
quires considerably lower filament power. Thori¬ 
ated tungsten cathodes are currently used in low- 
and medium-power transmitting tubes and certain 
special purpose tubes. 

Oxide-coated filamentary cathodes usually consist 
of a mixture of barium and strontium oxides, or 
other alkaline-earth compounds, coated on the sur¬ 
face of a nickel alloy wire or ribbon. The ribbon 
is used when it is desired to increase the area of the 
emitting surface. Oxide-coated cathodes operate 
satisfactorily at the relatively low temperature of 
700° to 800° C and provide an abundant sui)ply of 
electrons. These catliodes are commonly used in re¬ 
ceiving tubes, rectifiers, and some transmitting 
tubes. 

4~4b. The Indirectly Heated Cathode—The in¬ 
directly heated cathode, commonly used in receiving 
tubes, consists of a cylindrical metal sleeve, the outer 
surface of which is coated with an electron-emitting 
material, usually barium and strontium. Inside, and 
insulated from the metal sleeve, is a tungsten heater 
which heats the metal sleeve by heat conduction and 
radiation. Emission takes place from the oxide 
coating on the metal sleeve. "J'he heater may be 
operated from either alternating or direct current. 

Becau.se there is no electrical connection between 
the heater and the actual emitter, little difficulty wdth 
hum is encountered when operating tubes with in¬ 
directly heated cathodes from alternating current. 
Another advantage of this type of cathode is the 
fact that a number of tubes may be heated from a 
single source of power even if a difiference of poten¬ 
tial exists between the various cathodes. A dis¬ 
advantage is the time required for heating. 

The indirectly heated cathode is sometimes known 
as the ‘'unipotential cathode” because the entire 
surface of the cathode is at one potential. This is 
not true with the filamentary cathode, where a dif¬ 
ferent potential exists at every point along its entire 
length as a result of the heating-current voltage 
drop. 

4-5, The Vacuum—The cathode is only one 
electrode in an electron tube. There are others (to 
be described presently), all of which are enclosed 
in a glass or metal envelope which is then evacu¬ 


ated. This evacuation is necessary not only to pro¬ 
tect the cathode from burning out, but also to re¬ 
move all gases from the tube. If any gas remains, 
the operation of the tube will be influenced mark¬ 
edly, During manufacture, many precautions are 
taken to remove all gas from the tube, including 
gas from inside the metal of the elements. To aid 
in the final clearance of gas from the tube, an easily 
volatilized metal such as magnesium or barium is 
often employed. This is known as a “getter” and 
is placed in the tube during assembly. After the 
vacuum pumps have removed as much gas as pos¬ 
sible, the tube is heated. For glass tubes, a high- 
frequency induction furnace is used, whereas for 
metal tubes gas flames are employed. The heat 
drives otit gases from within the metal electrodes 
and also flashes, or vaporizes, the getter. Any gas 
still within the tube combines with the vapor re¬ 
leased by the getter and forms the well-known 
“silver" coating on the inside of the tube envelope. 

Some electron tubes have a small amount of gas 
added after evacuation. This gas is at an extremely 
low pressure, far below atmospheric pres.surc; 
nevertheless, the presence of this small amount of 
gas changes completely the characteristics of the 
tube. 

We, therefore, have two basic types of electron 
tubes—^the high-vacuum tube and the gas-filled tube. 
Inasmuch as high-vacuum tubes constitute the bulk, 
they will be discussed first. Gas-filled tubes will 
be described later in this chapter. 

4-6. The High-vacuum Diode—The simplest 
type of vacuum tube is the “diode,” so named be¬ 
cause it contains two electrodes—a cathode and an 
anode, or plate. If a battery is connected between 
the cathode and the plate with the positive side of 
the battery to the plate, a current will flow through 
the tube. The strength of this current will depend 
on the temperature of the cathode and the magni¬ 
tude of the voltage between plate and cathode. If 
the connections of the battery are reversed and the 
negative side of the battery is connected to the 
plate, no current will flow. The diode, therefore, 
is a one-way conductor of electricity; it will pass 
current when the plate is positive with respect to 
the cathode, but not when the plate is negative with 
respect to the cathode. 

This one-way action can he explained by consider¬ 
ing what takes place within the diode. The heated 
cathode is liberating free electrons. When a posi¬ 
tive voltage is applied to the plate, the electrons, 
being negative, are attracted to the pl.ate. Upon 
reaching the plate, the electrons enter it and con¬ 
tinue through the external tube circuit back to the 
cathode, thereby constituting the flow of plate cur¬ 
rent. When the polarity of the battery is reversed, 
a negative voltage is applied to the plate. This 
negative charge repels electrons leaving the cathode 
and none reach the plate. Current, therefore, does 
not flow. 



PLATE CUmCNT (mUJJAMPERES) U 


52 


RADIO MANUAL 


4--6a. Saturation Current and Space Charge— 

In diode tubes, no plate current flows when the 
plate is at negative potential since the electrons 
emitted by the cathode are repelled. When the 
plate is at a very high positive potential, the plate 
attracts all the electrons that are emitted by the 
cathode. This is known as saturation current. 
Under these circumstances, increases in plate volt¬ 
age result in little or no increase in plate current 
because the cathode is not capable of supplying any 
additional electrons. 

Between these two extremes, at normal values of 
plate voltage not all the electrons emitted by the 
cathode are attracted to the plate. The negative 
charge of the electrons already in transit from 
cathode to plate tend to repel other electrons which 
leave the cathode after them. These electrons re¬ 
main in the space between the cathode and plate 
momentarily and then return to the cathode. 1'he 
combined cliarge of these electrons surrounding the 
cathode results in a negative charge which tends to 
neutralize the positive attraction of the plate ujmn 
electrons just leaving the cathode. This negative 
charge, which limits the plate current, is known as 
space charge. 

4-^b. Characteristics of High-vacuum Diode— 

If the diode is connected as shown in Figure 4-1, 



Fig. 4-1. Typical plate-voltage plate-current characteristics 
of high-vacuum diode. 


measurements can be made of the plate current at 
various values of plate voltage and cathode tempera¬ 
ture. When these measurements are plotted, the 
resulting curves are known as the tube’s plate- 
voltage plate-currcnt characteristics. The curves 
shown in Figure 4-1, which are for a typical, small 
diode tube, were made with three different values 
of heater voltage. 

At the lowest value of heater voltage (curve 1) 
it will be noted that 12 volts were sufficient to cause 
saturation, that is, voltage greater than 12 volts 
caused no further increase in plate current. In 
curve 2, which was made at a higher heater voltage, 
saturation occurred at a plate voltage of 14; in 
curve 3, with the tube oi)erating at its rated heater 
voltage, saturation had not yet been reached at the 
highest voltage measured. 

4-6c. Rectifleation of A.C. by a High-vacuum 
Diode —In radio work, the most common use of 
the diode is in connection with the rectification of 
alternating current, its operation, with a.c. applied 
iK'tween plate and cathode, is shown graphically in 
Figure 4-2. 

1'he alternating voltage causes the anode to be¬ 
come alternately positive and then negative with re¬ 
spect to the cathode. Current flows through the 
diode only during the half cycles when the anode is 
positive. The diode, therefore, passes a series of 
half-cycle pulses known as rectified current. 

4-6d. Uses of High-vacuum Diodes —Diodes 
are widely used in the power supplies of radio re¬ 
ceivers and transmitters to rectify alternating cur¬ 
rent. Many different types and sizes of tubes are 
available for this purpose, the jirincipal differences 
being the voltage and current capabilities of the 
tubes. Many tubes that rectify contain two separate 
diode elements—two plates and two cathodes. 
These tubes, known as duo-diodes, operate in “full- 
wave” rectifier systems in which two diodes operate 
alternately to pass alternate half-cycles of the sup¬ 
ply current. Such full-wave circuits result in 
greater efficiency and greater case in smoothing, or 
filtering, the resulting output pulses. 

Diodes also are commonly used as detectors, or 
demodulators, in present-day radio receivers. In 
this application, the alternating current to the diode 
is of radio frequency and of very low power; hence, 
a small diode suffices. If Figure 4-2 is examined 
carefully, it wdll be noted that the output half cycles 
are not exactly the same shape as the input half 
cycles that produced them. This is because the 
plate-current plate-voltage curve is not a straight 
line. Nonlinearity, as this is known, results in dis¬ 
tortion. Although some nonlinearity is present in 
the diode, improvement can be obtained in a properly 
designed detector circuit. The diode detector can 
handle very strong signals without overloading and 
is probably more widely used than any other type of 
detector. 
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1m(.. 4-2. Rectification of allcrnatinK current in a high-vacuum diode. 


4-7. The High-vacuum Triode—A triode is a 
tlircf-electrodc tube containing an anode, a cathode, 
and a control electrode coniinonly known as a grid, 
or control grid. The addition of the grid results in 
an extremely sensitive device which may be used as 
an amplifier, as well as a very sensitive detector of 
radio signals. 

In the diode, it has been seen that a change in 
plate voltage will result in a change of plate current. 
Lee De Forest, who invented the three-element tube, 
found that this change could be produced much 
more easily by keeping the plate voltage unchanged 
and instead changing the voltage of a third elec¬ 
trode, which he called the grid, located in the space 
between the anode and cathode. The grid in 
present-day electron tubes is usually a winding of 
wire, extending the full length of the cathode, with 
relatively large spaces between the turns in order 
that the flow of electrons from cathode to plate will 
not be obstructed. It is normally operated at a 
negative potential and therefore attracts no elec¬ 
trons. The purpose of the grid is to control the 
flow of plate current. 

The effect of grid voltage, compared to plate volt¬ 
age, on the plate current of a typical triode can be 
determined from Figure 4-3, which shows the plate 
voltage and plate current characteristics of a typical, 


small, receiving triode for three values of grid volt¬ 
age. With a plate voltage of 180 volts and a grid 
voltage of —4, a plate current of 10 ma (milli- 
anipcres) flows through the tube. If it is desired 
to reduce the current to 5 ma, this can be dotie by 
reducing the plate voltage to 140 volts, leaving the 
grid voltage unchanged. On the other hand, if the 
plate voltage is left at 180 volts and the grid voltage 
increased to — 6 volts, the plate current will again 
be reduced to 5 ma. Thus, the same effect is pro¬ 
duced in this tube by either changing the plate volt¬ 
age 40 volts or changing the grid voltage only 2 
volts—one-twentieth as much. The grid voltage is, 
therefore, much more effective in controlling the 
current through the tube than the plate voltage— 
in the above example 20 times as much. 'J'his is 
known as amplification, the amplification in this case 
being 20. 

It should be noted that, as long as the grid is kept 
negative, it repels electrons and no current flows in 
the grid circuit. Thus, no power is consumed in 
the grid circuit, although actual power is controlled 
in the plate circuit. However, if the grid is per¬ 
mitted to become positive with respect to the 
cathode, electrons are attracted to it. Under these 
conditions, grid current flows and power is con¬ 
sumed in the grid circuit. 
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Fig. 4-3. Plate-voltage plate-current characteristics of a 
typical receiving-type triode. 


4-7a. Parameters of High-vacuum Triodes— 

'Fhe three important characteristics, or ‘‘parameters,” 
of a triode (as well as other high-vacuum tubes to 
he described later) are (1) amplification factor 
(2) dynamic plate resistance and (3) trans¬ 
conductance Gfn- 

1. Amplification Factor, The amplification fac¬ 
tor of a vacuum tube is an expression of the rela¬ 
tive effect of grid voltage and plate voltage on the 
plate current and may be defined as the ratio of a 
small plate voltage change to the grid voltage change 
which zvill produce the same change in plate current. 

The amplification factor is a statement of the 
amplifying ability of the tube. Commonly used 
triodes exhibit amplification factors ranging from 2 
to 100. The amplification factor of a tube depends 
on the shape and spacing of the electrodes. A 
closely wound grid or a grid wound of large wire 
tends to increase the amplification factor of a tube. 

If the letter d is used to symbolize the phrase “a 
small change in,” Cp to represent plate voltage, Cg 
grid voltage, and ip plate current, then amplification 
factor can be expressed as follows: 

de 

yL = -r^ (for constant ip) 

dCg 

2. Dynamic Plate Resistance, The plate-cathode 
circuit of a vacuum tube offers resistance to the 
flow of plate current through the tube. This re¬ 
sistance is usually expressed as the dynamic plate 
resistance of the tube. The dynamic plate resist¬ 
ance, sometimes called a-c plate resistance, of a 
vacuum tube may be defined as the ratio of a small 


change in plate voltage to the small change in plate 
current which it produces. The grid voltage of the 
tube is to be maintained at a constant value. The 
dynamic plate resistance is expressed in ohms and 
ranges from 800 to 100,000 ohms in commonly used 
triodes. Using the same symbols as above, plate 
resistance can be expressed as follows: 


rp — 


dcp 

dip 


(with Cy constant) 


The dynamic plate resistance depends to a large 
extent on the structure of the tube. Tubes with low 
amplification factors have relatively low plate re¬ 
sistance, whereas tubes with high amplification fac¬ 
tors have relatively high plate resistance. 

3. Transconductance. The transconductance of a 
vacuum tube (sometimes called mutual conductance) 
is an expression of the relationship between the grid 
voltage and the plate current and may be defined as 
the ratio of a small change in plate current to the 
small change in grid voltage that produces it. The 
plate voltage of the tube is to be maintained con¬ 
stant. Again employing the same symbols as above, 
transconductance can be expressed as follows: 


Gm 


dip 

dCg 


(with Cp constant) 


Transconductance is expressed in mhos (the unit 
of conductance), but, since the values encountered 
in vacuum tubes are small, the unit micromho (one 
millionth of a mho) is usually employed. Triodes 
in common use exhibit a transconductance ranging 
from 500 to 5000 micromhos. 
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average: Characteristics 



Kin. 4—4. Values of amplification factor, plate resistance, 
and transconductance of a receiving type triode as a func¬ 
tion of plate current. (Courtesy RCA.) 

4-7b. Relationships between Gn,, fp, and ^—A 

simple relationship exists between transconductance, 
plate resistance, and amplification factor that makes 
it possible to find any one quantity if the other two 
are known. The relationships are: 

Amplification factor fi = Vp X Cm 

Dynamic plate resistance fp = 

Transconductance ^ 
rp 

The amplification factor, plate resistance, and 
ir.insconductance of a tube do not remain constant 


under all conditions but change as the electrode 
voltages and plate current of the tube are changed, 
or when very large signals are being handled. The 
values given by the manufacturer are usually stated 
along with the recommended operating voltages and 
hold true only when the tube is operated at these 
values. Figure 4-4 shows in graph form the 
change in amplification factor, dynamic plate re¬ 
sistance, and transconductance as a function of 
plate current for a small, receiving-type triode. 

4-7c. Characteristic Curves of High-vacuum 
Triode —If a triode is connected as shown in 
Figure 4-5, measurements of its plate voltage, plate 
current, and grid voltage can be made. These 
values are usually plotted in one or both of the 



Fig. 4-S. Circuit for measuring the static characteristics 
of a tnoile. 


following forms: (1) plate-current versus plate- 
voltage with constant values of grid voltage, and 
(2) plate-current versus grid-voltage with constant 
values of plate voltage. I'he former is usually 
known as a tubc\s plate characteristic and the latter 
as a tube's transfer characteristic. Curves of this 



Fici. 4-6. Plate-current plate-voltage characteristics of the type 6JS triode. (Courtesy RCA.) 
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nature are known as the tubes static characteristics. 
Examples of each type of curve for a typical re¬ 
ceiving triode are shown in Figure 4-6 and Figure 
4-7. 



Fig. 4-7. Plate-current jfrid-voltaffe characteristic of the 
6JS receiving-type triode. (Courtesy RCA.) 

The triode characteristics plotted in Figures 4-6 
and 4-7 were made in the tube’s operating range 
where the plate current was limited only by space 
charge, that is, saturation current due to lack of 


emission had not yet occurred. If the measurement 
had been made at a lower than normal value of 
heater voltage or had the measurements been ex¬ 
tended to greater values of plate current, saturation 
would be evident by the curves flattening off at high 
values ol plate current. 

4-7d. A-C Signal Input—A vacuum tube is 
normally operated with a fixed d-c voltage applied 
between cathode and grid, known as grid bias, upon 
which a signal voltage lig is superimposed. The 
fluctuations of the signal voltage cause the actual 
grid voltage to swing alternately positive and nega¬ 
tive with respect to the grid bias voltage. Figure 
4-8 is a curve illustrating a tube’s operation under 
these conditions. The lube is operating with a grid 
bias voltage of —6 volts, which results in a plate 
current of 12 nia. Superimposed on the grid bias 
voltage is a sine wave signal voltage with a peak 
value of 4 volts. This signal voltage results in the 
grid voltage swinging 4 volts above and 4 volts 
below the bias voltage or from — 2 to — 10 volts. 
The plate current flowing through the tube as a 
result of this grid voltage varies from 20 to 4 ma. 

It will be noted that the grid voltage swing is con¬ 
fined to the linear portion of the tube’s grid voltage- 
plate current characteristic. This is essential if un¬ 
distorted amplification is desired. Should the grid 
swing be slightly greater than shown, it would enter 
upon the nonlinear portions at each end of the 



Fig. 4-8. Operation of a triode with an alternating voltage applied to the grid. 
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GRID VOLTAGE Ec 


Kkj. 4-9. The dynamic characteristics of a typical receiving-type triode with 
three different values of load resistance. 


cur\c. At these points the plate current would not 
chan^,'-e linearly with res])ect to the grid voltage, and 
tile plate current fluctuations would no longer be an 
accurate reproduction of the signal voltage. There 
are special cases where the signal voltage is pur¬ 
posely allowed to swing on the curved portions of 
the tube's curve. This is usually done in triode 
plate detection and in certain classes of amplifica¬ 
tion, both of which arc discussed later. 

4-7c. Plate Load —To obtain any useful output 
from a vacuum tube, it is necessary to connect a 
load in the plate circuit. The full plate current 
of the tube flows through this load and, conse- 
(luently, there is a voltage drop across it, which 
results in a voltage lower than the battery voltage 
actually reaching the plate of the tube. In addition, 
the added resistance in the plate circuit results in a 
lower value of plate current than indicated on the 
tube's static characteristic curves, which are made 
with no load in the plate circuit. 

Characteristic curves may be made with a load 
resistor connected in the tube's plate circuit. When 
this is done, the resulting curve is known as the 
tube's dynamic characteristic. A dynamic charac¬ 
teristic, showing grid-voltage plate-current rela¬ 


tionships of a small triode tube with three different 
values of load resistance, is given in Figure 4-9. 

If an a-c signal voltage, superimposed upon the 
grid bias battery voltage, is applied to the grid of 
a tube with a load resistor in its plate circuit, such 
as shown in Figure 4-10, the plate voltage will be 
affected in the following manner. During the posi- 


ACROSS 

RESISTOR) 


Fig. 4-10. Typical triode circuit with load resistor in 
plate circuit. 

tive half cycle of the signal voltage the grid 
voltage becomes less negative and the plate current 
through the tube increases. The increased plate 
current causes an increase in the voltage drop across 
the load resistor, and the voltage at the plate of 
the tube decreases (by an amount equal to the in¬ 
crease in voltage drop across the load resistor). 





58 


RADIO MANUAL 


During the next half cycle, which is negative, the 
grid becomes more negative and the plate current 
of the tube decreases. The voltage drop across the 
load resistor also decreases, and the voltage at the 
plate of the tube therefore increases (by an amount 
equal to the decrease in the voltage drop across the 
load resistor). The sum of the voltage drop across 
the load resistor and the plate voltage across the 
tube must always be equal to the battery voltage. 

As a result of the above discussion, the following 
statements can be made: 

1, As the grid voltage becomes less negative 
(positive swing of signal voltage), the plate current 
will increase, the voltage drop across the load re¬ 
sistor will increase, and the plate voltage will 
decrease. 

2. As the grid voltage becomes more negative 
(negative swing of signal voltage), the plate current 
will decrease, the voltage drop across the load re¬ 
sistor will decrease, and the plate voltage will 
increase. 

It should be understood that, unless a signal 
voltage of extremely low frequency is involved, the 
milliamnieter in the plate circuit is unable to follow 
the fluctuations in plate current. It will continue, 
therefore, to read the normal, no-signal plate cur¬ 
rent, as long as the signal voltage remains on the 
linear portion of the tube’s characteristic curve. 
The plate current, however, is actually swinging up 
and down with respect to the normal plate current, 
in accordance with the fluctuations of the signal 
voltage. 

4-*7f. Phase Reversal —In a vacuum tube the 
signal voltage is applied between the grid and cath¬ 
ode, and the output voltage is obtained between 
plate and cathode. It has already been shown that 
a positive half cycle of signal voltage results in a 
decrease of plate voltage, whereas a negative half 
cycle of signal voltage results in an increase of plate 
voltage. Therefore, when the signal voltage in¬ 
creases, the output voltage decreases and vice-versa. 
This is known as phase reversal in a vacuum tube 
and becomes quite important in some vacuum tube 
amplifiers, especially in certain types of push-pull 
amplifiers where a vacuum tube is employed to shift 
the phase 180° in order to obtaiti the proper polarity 
of exciting voltage. 

4“7g. Voltage Amplifiers and Power Amplifiers 

—Vacuum tubes arc usually designed to fulfill one 
of two purposes: to provide voltage amplification or 
to provide power amplification. Voltage amplifiers 
are used when high amplification of a signal voltage 
is desired. As voltage amplification is the only 
reciuirement, the plate current of the tube may be 
relatively low, thereby permitting the use of a small 
tube with a relatively small cathode. When the 
greatest possible voltage amplification is desired, a 
tube wdth a high amplification factor is usually 
used. 


Power amplifiers are used wdien the signal voltage 
is to be converted into power. The output of a 
power amplifier must deliver, therefore, both high 
voltage and high current. The cathode of a power 
amplifier must be large and capable of supplying 
sufficient emission for the large plate currents. 
Such cathodes require large heating currents. The 
plate and grid of the power amplifier must be capa¬ 
ble of operation under these conditions without 
overheating. 

4-7h. Interelectrode Capacitances —Each elec¬ 
trode of a vacuum tube forms one plate of a very 
small condenser which exists between it and each 
other electrode in the tube. Although these capaci¬ 
tances are very small, they often assume great im¬ 
portance, sufficient in some instances to prevent a 
tube from operating satisfactorily. In a triode tube, 
three difYerent capacitances exist, the grid-cathode 
capacitance, Cg^, the plate-cathode capacitance, Cpk, 
and the plate-grid capacitance, Cgp. Still other ca¬ 
pacitances exist in tubes with more than three 
electrodes. 

The grid-plate capacitance is particularly trouble¬ 
some in many instances. It has been shown in 
Chapter 1 that a condenser has the ability to pass 
an alternating current. Therefore, with this grid- 
plate capacitance present, the grid circuit is not 
entirely independent of the plate circuit. Signals 
in the plate circuit can be fed back to the grid circuit 
though the interelectrode capacity of the tube. In 
some applications, this interelectrotle feedback can 
result in very unstable operation, at limes to the 
extent of causing the circuit to generate sustained 
oscillations. In fact, one t>i)e of oscillator circuit 
(the tuned grid-tuned plate) depends on the internal 
feedback through the grid-plate capacitance of the 
tube for its operation. Although this condition 
may be satisfactory in the design of some types of 
oscillators, it is very undesirable in the design of 
high-gain amplifiers, particularly those with tuned 
circuits in the grid and plate circuits. Neutraliza¬ 
tion ^ of the feedback voltage has often been re¬ 
sorted to in order to overcome this difficulty, but 
the addition of another electrode to the tube, to act 
as an electrostatic shield between plate and grid is 
far more satisfactory and permits much greater gain 
to be realized in each stage of amplification. 

4-8. The High-vacuum Tetrode— The tetrode, 
or screen grid tube, is essentially a triode to which a 
fourth electrode, called the screen grid, has been 
added. The physical construction of the screen grid 
is similar to the control grid and it is mounted 
within the tube in the space between the control grid 
and the plate. It is normally operated at a positive 
d-c potential with respect to the cathode as shown 
in Figure 4-11. The screen grid acts as an electro¬ 
static shield between the control grid and plate and 
is very effective in reducing the grid-plate capaci- 

1 See Section 4-17. 
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tance» often to a value hundreds of times lower than 
that of a similar triode. This reduction of grid- 
plate capacitance when using a tetrode makes it 
possible to realize large values of amplification 
witliout difficulty from instability. 



Fk;. 4-11. Circuit arrangement of typical tetrode. 


At the same time, the tetrode offers another ad¬ 
vantage : it provides a higher amplification factor 
than the triode. 1'his is brought about in the fol¬ 
lowing manner. The screen grid is operated at a 
fiositive potential with respect to the cathode, but 
at a lower positive jiotential than the plate. It, 
therefore, attracts electrons from the cathode al- 
though most of these electron^, upon reaching the 
screeti grid, pass through the open mesh of the 
sen en and on to the more positive plate. However, 
electrf)ns in the si)ace between the cathode and 
screen grid are more under the influence of the 
positive charge on the screen than the positive 
charge on the more distant plate. Because of the 
presence of the screen grid, the plate has become 
less effective in attracting electrons from the cath¬ 
ode than it would be if the screen were not present. 
('hanges in plate voltage, therefore, are less effective 
in controlling plate current, although the effective¬ 
ness of the grid in controlling plate current re¬ 
mains unchanged. Inasmuch as amplification factor 
is a ratio of the effectiveness of the plate voltage to 
grid voltage in controlling plate current, it can be 
seen that the amplification factor of the tetrode will 
be high. The tetrode, therefore, is a tube which 
gives a large amount of amplification and at the 
same time is capable of handling it without insta¬ 
bility because of its low grid-plate capacitance. 

4-8a. Secondary Emission—One serious dis¬ 
advantage of the tetrode is the fact that secondary 
emission of electrons takes place from the plate. 
I'll is is due to the bombardment of the plate by the 
stream of electrons from' the cathode which results 
in the dislodgement of some electrons from the 
surface of the plate. Secondary emission takes 
place in all electron tubes to a certain extent, but 
in the case of diodes and triodes these dislodged 
electrons are immediately drawn back to the plate as 
there is no other positively charged electrode present 
in the tube to attract them. In the tetrode, how¬ 
ever, the positive charge on the near-by screen grid 
offers a strong attraction to these electrons and 


many are attracted to the screen grid. This is 
particularly true if the plate voltage swdngs lower 
than the screen voltage during normal operation. 
It is usually necessary, therefore, to restrict the 
plate voltage swing in the tetrode tube as operation 
becomes quite unstable at low values of plate volt¬ 
age. This can be seen in the characteristic curves 
of the tetrode. 

4-8b. Characteristic Curves of the Tetrode— 

The plate voltage-plate current characteristics of a 
typical tetrode are show^n in Figure 4-12. It can 
be seen that the general characteristics are similar 
to the triode with the exception of the slope of the 
curves and the dip in plate current at low values 
of plate voltage. The flatness of the curves indi¬ 
cates that the plate voltage has very .small effect on 
the plate current, and that the dynamic plate resist¬ 
ance of the tube is therefore high. The dip in plate 
current is due to secondary emission and occurs at 
low values of plate voltage where the screen grid 


AVERAGC PLATE CHARACTERISTICS 



Fig. 4-12. Plate characteristics of the type 24-A tetrode. 

(Courtesy RCA.) 

voltage exceeds the plate voltage. The character¬ 
istics of the tetrode, like the triode, can be expressed 
in terms of the three parameter.s—amplification fac¬ 
tor, dynamic plate resistance, and tran.sconductance. 
In general, the tetrodes exhibit high amplification 
factor, high dynamic plate resistance, and average 
values of transconductance. 

The tetrode, wdth the exception of a very special 
case employing beam construction described below, 
is no longer in common use because of its limita¬ 
tions resulting from secondary emission. These 
difficulties have been overcome in the pentode tube 
in which a shield is placed between the screen grid 
and the plate to reduce secondary emission effects. 
Inasmuch as the pentode tube retains all the advan¬ 
tages of the tetrode and overcomes its one dis¬ 
advantage, it is almost always used where a tube 
with the tetrode's characteristics is required. 

4-9. The High-vacuum Pentode —The pentode 
is an electron tube with five electrodes, four the 
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same as the tetrode, the fifth being a grid placed 
between the screen grid and plate and called the 
suppressor grid. This results in a total of three 
grids in the pentode: the control grid, the screen 
grid, and the suppressor grid. The purpose of the 
suppressor grid, as its name implies, is to suppress 
electrons dislodged from the plate because of sec¬ 
ondary emission from reaching the screen grid. 

SUPPRESSOR 



Fig. 4-13. Circuit arranprenient of typical pentode. 


The suppressor grid is usually connected directly 
to the cathode as shown in Figure 4-13. In some 
pentodes they are permanently connected internally, 
whereas in others the suppressor is brought out to 
a separate pin terminal in which case the connection 
to cathode may be made at the socket or, if desired, 
the suppressor may be used in other ways for spe¬ 
cial applications. The potential of the suppressor 
grid is zero with respect to the cathode and, accord¬ 
ingly, negative with respect to the screen grid and 
plate. Electrons dislodged from the plate as a re¬ 
sult of secondary emission will be repelled by this 
negative electrode and be forced back to the plate. 


4-9a. Characteristic Curves of the Pentode— 

The characteristic curves of the pentode are very 
similar to the tetrode with the exception that the dip 
in plate current at low values of plate voltage 
caused by secondary emission does not occur. The 
plate voltage-plate current curve of a typical pen¬ 
tode is shown in Figure 4-14. 

The additional grid between control grid and plate 
serves to shield these two electrodes from each other 
still further. As a result the grid-plate capacitance 
is even lower, and the amplification factor and dy¬ 
namic plate resistance are even greater, than those 
in the tetrode. The plate-voltage swing can be 
made large compared with the tetrode because of 
the absence of secondary emission difficulties. 

The three triode parameters—amplification factor, 
dynamic plate resistance, and transconductance— 
also express the characteristics of the pentode and 
are used in the same manner as for the triode. In 
general, pentodes, like tetrodes, exhibit high values 
of amplification factor, high values of dynamic plate 
resistance, and average values of transconductancc. 

4-10. Beam Power Tubes—The beam power 
tube is a special type of tetrode which, because of 
its design, operates in a manner comparable to a 
pentode in that secondary emission is effectively 
suppressed even though a suppressor grid is not 
used. The beam power tube derives its name from 
the beam-forming plates which are employed to 
direct the flow of electrons from the cathode to 
plate into beams as shown in Figure 4-15. The 
beam-forming plates are connected to the cathode 
within the tube and therefore operate at cathode 
potential. 
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In the beam power tube, the screen g^rid is oper¬ 
ated at a positive potential equal to, or slightly ex¬ 
ceeding, the plate voltage. Electrons traveling 
from cathode to plate are slowed down in the space 


_beam- 

CONFINING- 

electrooe 




PLATE 


Fig. 4-15. Internal structure of the 61.6 beam power tube. 
(Couitesy RCA.) 


between screen grid and plate because of the high 
positive potential on the screen grid tending to pull 
them back. The slowing down of these electrons 
results in the productioti of a space charge effect 
between the screen grid and plate. This space 
charge, being negative, has the same effect on sec¬ 
ondary emission as an actual suppressor grid and 
for that reason the region of high space charge is 
known as a virtual suppressor grid. 'Idle suppressor 
action of this virtual suppressor is much more 


effective than an actual suppressor grid since the 
negative suppressing field is continuous as con¬ 
trasted to the spaced field which results when a 
wire grid structure is employed. 

Screen current in the beam power tube is kept 
low because the control grid and screen grid are 
aligned in such a manner that each turn of the 
.screen grid is shaded from the cathode by a turn of 
the control grid. This alignment of control and 
screen grid results in the electrons passing in 
layers through the turns of the screen grid, as illus¬ 
trated in Figure 4-15. This re.sults in very few 
electrons being attracted to the screen grid and. 
consequentIv, a low value of .screen current. 

Not all beam power tubes are tetrodes, such as 
described above, some having an actual suppressor 
grid. These tubes are, therefore, beam power pen¬ 
todes; those without a suppressor grid are beam 
power tetrodes 



4-11. The Diode Detector —The high-vacuum 
diode, Figure 4-17, is the most commonly used de¬ 
tector (demodulator) in present-day radio receivers. 
The output of the diode detector, when an unmodu¬ 
lated radio-frequency current is applied, is a series 


AVERAGE PLATE CHARACTERISTICS 


WITH ECl AS VARIABLE 



Fig. 4-16. Plate characteristic of the type 6L6 beam power tetrode. (Courtesy RCA.) 
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of positive half-cycles. These are passed through 
a small, smoothing filter from which an unvarying 
direct current emerges that, when passed through 
headphones, represents no sound at all. If the 
transmitting station now modulates its output by 
means of voice, music, or tone, we no longer have 
an unvarying d-c output from the diode but rather 
a pulsating direct current in which the pulsations 
follow the variations of the yoice, music, or tone. 
These variations can be heard by means of a headset 
in the diode output circuit, or they can be fed to 
an audio amplifier, which is described later. 

The diode is a reasonably high-fidelity detector, 
even for strong signals, but it does not provide any 
amplification. It should be noted that the smooth¬ 
ing filter in the output must not be too large or it 
will also smooth out the audio-frequency output, 
thus destroying its usefulness. 

4-12. The Triode Detector —Two distinct types 
of triode detectors are frequently employed, al¬ 
though the diode is in much more common use. 

4~12a. The Gridleak Detector —The older, 
more sensitive, but more easily overloaded and more 
subject to distortion, is the gridleak detector which 
is shown in Figure 4-18. Whether the gridleak de¬ 
tector employs the filament type of tube shown or 
an indirectly heated cathode is not significant. In 
either case there is no grid bias until a signal ar¬ 
rives, hence the plate current must be kept at a low 
value by using a tube with a fine mesh grid (high 
niu) or by using a very low value of plate voltage. 

The operation of this detector depends on the 
presence of the grid-blocking condenser ^ 2 * 


the high-resistance (several million ohms) gridleak 
resistor R. l"he latter may be connected either as 
shown or directly from grid to cathode. In either 
case the function of the combiiijition is to permit 
trapping electrons on the grid of the tube, where¬ 



upon there occurs a slow leaking off of these elec¬ 
trons through R to the cathode. The action is as 
follows: 

When an unmodulated radio carrier is received, 
the voltage produced in the tuned circuit is 

applied to the grid through grid condenser Co. which 
does not obstruct the passage of such high frefjuen- 
cies. Thus the grid swings at radio frcciuency and, 
at each swing in the positive direction, a few elec¬ 
trons are attracted from the .space current. Within 
a very few swings (certainly less than 1/100,()()() of 
a second) enough electrons arc trapped on the grid 
so as to charge it negatively to the same voltage as 
that of the incoming carrier after which electrons 
are accumulated by the grid only as fast as the old 
ones escape toward the cathode through the gridleak. 
This produces a d-c grid bias, the magnitude of 
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Fig. 4-19. Grid leak detector action. 
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which depends on the streng^th of the incoming car¬ 
rier, and which reduces the detector plate current 
in proportion to the strength of tluit carrier. 

Now if modulation of the carrier occurs, it 
follows that whenever the carrier becomes stronger 
the grid will swing more widely and at once (within 
perhaps 1/100,0(X) second again) will charge itself 
up to this new level and thus still further reduce the 
plate current. Similarly, when the carrier is modu¬ 
lated downward (has its volt.'ige lowered), the grid 
will swing less widely, therefore fail to pick up 
electrons and presently gridleak resistor R will leak 
it down to this new carrier value, allowing the plate 
current to rise. Thus the average plate current 
varies up and down (but in reverse direction) with 
the sounds at the transmitting station’s microphone, 
and these sounds may be heard by a headset in the 
detector j)late circuit or fed to an audio amplifier. 
For reasons which shall not be discussed here this 
type of detection is subject to more difficulties than 
the diode type or the biased triode type. Hence it 
is used only where its greater sensitivity is required. 

Satisfactory gridleak detection recjuires that C 2 be 
large enough to pass the radio fre(iuency readily, but 
not large enough to pass high audio frequencies, 
that R leak off the grid-charge fast enough to per¬ 
mit I olio wing high audio-frecjuency variations, but 
not so fast as to reduce sensitivity; and that C 3 
(often supplemented by an r-f choke coil) be of a 
size small enough to prevent by-passing the high 
audio frequencies in the output, but still adequate 
to return to the cathode such amplified r.f. as ap¬ 
pears in the plate circuit—that is the plate by-pass 


condenser must short-circuit the r.f. but pass the 
audio to the headphones or amplifier. In practice 
this results in a 2 to 5 megohm gridleak R, a plate 
circuit by-pass condenser of about 0.0001 fii and 
about 2 % times that if music is not to be received, 
and also a grid condenser of about the same size. 
For high-frequency receivers both condensers may 
be smaller. 

4 -- 12 b. The Bias or Plate Detector —The bias 
type of triode detector, shown in iMgure 4-20, is in 
direct contrast to the gridleak type in several ways. 



It is less sensitive (though far more sensitive than 
the diode), less easily overloaded, and under proper 
conditions introduces less distortion. It operates 
with a fixed bias of such a value that the plate cur¬ 
rent is about % of 1 ma (1/5000 amp) until a signal 
arrives. Thus when a radio signal is fed to the 
grid, the negative grid-swings have no effect as the 
plate current is already cut off. This produces the 
rectifier action. On the other hand the positive 
swings, though not large enough to make the grid 
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CALLFD fiUPER-CONTROL 
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Fig, 4-22. Comparison of j?rids. 


po positive, do swing it in that direction and each 
alternation lets through a pulse of plate current; 
hence the average plate current rises in approxi¬ 
mate proportion to the strength of the incoming 
signal and follows any variations therein. 

4-13. Cutoff Bias and Variable Mu— Cutoff 
bias is simply the grid voltage required to block the 
flow of plate current. If we have a tulie working 
with a plate voltage of 1000 and having a coarse 
grid so that the amplification constant is only 5. the 
cutoff bias is ordinarily taken as being 1000/5 = 200, 
though as a strict fact this voltage does not com¬ 
pletely stop the electrons because of changes in their 
paths. If the tube had a fine grid, placed clo.se to 
the cathode, and giving a mu of 25, the cutoff bias 
would be 1000/25 = 40 volts. Thus the high-inu 
tube is more easily bia.sed and more easily swung by 
the a-c grid input. The high-mu tube is of advan¬ 
tage in amplifying very small voltages such as weak 
radio signals or the small voltages from a high- 
(juality microphone but it is also easily oversw'ung 
by larger voltages. In radio receivers the received 


signals are of widely differing strengths and the 
first few stages of a receiver must be able to tolerate 
strong signals (which suggests low-mu tubes) with¬ 
out being insensitive to weak signals (which require 
high-mu tubes). A combined type of tube called 
variable mu or super control was devised by H. A. 
Snow and Stuart Ballantine. These tubes are con¬ 
structed with a grid of which one part is coarse and 
the other fine (or with different spacing from the 
cathode) so that one part of the tube is sensitive 
while the other is proof against blocking by strong 
signals. The combination works as shown in Fig¬ 
ure 4-22. Such tubes arc necessary only in the first 
few stages; after that the automatic volume control 
has had opportunity to act and the later tubes receive 
a fairly constant signal level. Variable mu tubes 
are well suited to automatic volume control because 
of the difflcnlty of blocking them with high bias, 
as explained in the following paragraph. 

4-14. Automatic Volume Control— Tt has al¬ 
ready been pointed out that both the diode detector 
and the biased triode detector produce not only audio 
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output but also a d-c output proportional to this 
rectified carrrier. Since the d-c component varies 
with the streng^th of the incoming carrier, it may be 
used, after suitable filtering, as an added bias on the 
first tubes of the receiver. It will then have the 
very beneficial effect that, as the signal becomes 
stronger, the d-c detector output also increases, thus 
increasing the bias voltage on the first tubes, reduc¬ 
ing their sensitivity and preventing any large in¬ 
crease in loud-speaker level. This is known as auto¬ 
matic volume control, or more commonly A VC. A 
more exact name is automatic gain control or AGC, 
but this term is not in common use. 

The methods of applying A VC are numerous but 
all, in effect, consist of passing the detector output 
through a load resistor, as in Figure 4-23, and at a 
suitable point tapping it for audio output, while at 
a lower point tapping it for the A VC voltage which 
is filtered and thence is applied through branch cir¬ 
cuits to the grids to be controlled. 'J'he exact circuit 
depends on a variety of factors, but is illustrated 
by the circuit of any modern receiver. The tubes 
thus controlled should be of the variable-mu type 
to avoid blocking. A good A VC system results in 
almost uniform output with signal changes of 
greater than lOOO to 1. To avoid loud background 
noises due to the great sensitivity when signals fade 
far down or when no station is tuned in, the A VC 
circuit is often suj)plemented by another circuit 
which blocks the output of the receiver whenever 
the signals become too weak. The combination is 
called quiet A VC or QAVC. 

4-15. Classes of Amplifiers —Quick rules for 
recoqnizing Classes A, AH, B, and C. Amplifiers 
are commonly divided into classes whose engineer¬ 
ing definitions appear in the discussions of the fol¬ 
lowing chapter, but which are more easily under¬ 
stood when defined by their more obvious actions 
and their appearance. 


It is first necessary to distinguish between: 

Single-sided amplifier stages 
Push-pull amplifier stages 
Push-push amplifier stages 

A single-tube amplifier is the simplest form of the 
single-sided amplifier. If more power output is 
required, another tube may be connected in parallel 
with the first, that is plate-to-plate, grid-to-grid 
and cathode-to-cathode, thus in effect making a tube 
of double size. P'or audio work this is satisfactory 
if small resistors are placed in the plate leads to 
prevent parasitic oscillations. At radio frequencies 
this tendency is increased and the need of matching 
tubes increases. Such stages (single or parallel) 
may employ only Class A for audio operation, but 
any class for r-f operation. 

Another way of connecting more than one tube 
is the push-pull arrangement in which two tubes are 
connected as in Figure 4-25. The cathodes arc tied 
together, but the plates and grids are at opposite 
a-c voltage though at the same d-c voltage. Such 
an amplifier stage produces approximately double 
the power of a single tube, and has the very great 
merit that the a-c output of the stage has small 
tendency to flow into the plate supply system and 
thence to other amplifier stages. Furthermore, any 
even-harmonic distortion aj)pearing in this stJige is 
largely cancelled in the output transformer. Push- 
pull stages may be of class A, AB, or B in audio 
work and of any class in r-f work. 

Still another connection is the push-push stage 
which is connected as in F'igure 4-26. Here it is 
seen that the grids are connected as in a push-pull 
stage but the plates are in parallel. Such a stage 
doubles the input frequency and is used for that 
purpose in transmitters. 

In audio work we arc always concerned about dis¬ 
tortion, while in r-f amplification we can and do 



I I COIL COUPLED 

Fig. 4-24. Methods used to couple vacuum tubes in an amplifier. 
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tolerate distortion in the tube for the reason that 
the additional frequencies created by the distortion 
are readily removed by the tuned circuit in the 
tube\s plate circuit. Hence, in jjeneral, an audio 
amplifier must be a better amplifier than the r-f 
amplifier, and not all classes of amplification will 
pass the requirements. 


INPUT 



Fig. 4-26. Push-push frequency doubler. 

A Class A amplifier may use one or two tubes in 
cither a sing’le-sided arrang-ement or in push-pull 
and may employ a variety of interstage couplings, 
that is, the devices which couple the output of one 
stage to the following stage. The one sure indica¬ 
tion of this type of operation is that a meter placed 
in the d-c plate supply lead shows little or no move¬ 
ment even in going from minimum to full volume. 
This steady plate current heats the tubes to no use¬ 
ful purpose, and the efficiency at full output seldom 
exceeds 20 percent. 



hu;. 4-27. Class A-R and class B audio amplifier. 


A Class AH amplifier differs from the foregoing 
in degree rather than by sharp division. The plate 
current varies with signal level, but the extent of 
the variation differs quite widely with the tube type. 
The bias used is larger and the static plate current 
smaller than for Class A operation of the same 
tubes. Hence, the heating is less, efficiency greater 
and output 150 to 200 percent that of Class A. The 
stage is always push-pull connected for audio and 


seldom used for r.f. The fidelity, with proper de¬ 
sign, is not materially below Class A. In the lower 
part of the range no grid current appears. This is 
the ABl region. For larger signal swings (AB2) 
small grid currents appear and actual power must 
be supplied by the driving stage which accordingly 
feeds the class AB stage through a transformer 
without step-up and usually with a step-down—that 
is, with secondary turns equal to or fewer than the 
primary. 

A Class B stage is difficult to distinguish from the 
AB type since the plate current swings may be 
either less than or more than those of Class AB2, 
depending upon the type of tubes used. Class B 
operation is clearly intended if the tube tables and 
the voltmeter show that the bias used is near the 
cutoff value. Likewise Class B operation is in¬ 
tended if the tubes arc of a very-high-mu type, oper¬ 
ating with no bias whatever. Ordinary meters do 
not permit noting the real difference between this 
type of operation and the preceding classes, namely, 
that the Class B tube works on only of each grid 
cycle, so that the output of one Class B tube is an 
amplified and rectified copy of the input. For r-f 
amplification this does not matter as the tuned plate 
circuit acts as a pendulum and supplies the missing 
half cycle, but for audio it is necessary to use two 
Class B tubes operating in push-pull, each tube sup¬ 
plying alternate half-cycles. They must be much 
better matched than in either Classes A or AB in 
order to give good fidelity. A C'lass B audio push- 
pull amplifier will deliver about 5 times the output 
of the same tubes in Class A, or 2^/^ times the Class 
AB output. 

The Class C stage is used in r-f work only and 
differs from the preceding classes in the use of an 
extremely high grid bias, equal to at least twice the 
cutoff value, and furthermore in the use of a steady 
grid input or excitation, also very high. Offhand, 
this appears to leave no possibility of anything but 
a steady r-f output; in fact, Class C stages are used 
in exactly that manner for telegraphy, by merely 
cutting off the grid input when the key is up, the 
high bias stopping all tube action. 

4—16. Modulation —Class C amplifier stages 
have another use. With the input to the grid both 
fixed and high, it is obviously possible to vary the 
output by changing the d-c voltage of either the 
grid or plate. This can be done by connecting the 
output of an audio amplifier to a transformer whose 
secondary winding is connected in such a d-c supply 
lead. The d.c. passing through the transformer 
secondary will have the audio voltage alternately 
added to and subtracted from it, varying the voltage 
applied to the tube element and hence the tube out¬ 
put (Figure 4-28). This operation of modulation 
can be applied not only to the grid or plate of a 
triode, but also to the screen, suppressor and other 
element of the more complex tubes. Plate modula¬ 
tion requires the greatest audio power, but it also 
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Fig. 4-28. The i)rinciple of modulation by variation of the 
voltage of a tube element. Depending on the element the result 
is plate modulation, i)late-screen modulation, screen modulation, 
control grid modulation or suppressor grid modulation. The 
output \\a\eform is of the same natuie for all methods. 


jiroduccs the most output from the tran.smittcr. 
Suppressor-grid modulation and control-grid modu¬ 
lation are at the other end of the list in both regards. 

4-17. Regeneration and Degeneration —Since 
the output of an amplifier stage is greater than the 
input, it is possible to return a portion of the out¬ 
put to the grid for further amplification, thereby 
increasing the gain provided by the stage. The 
return of output volUige to the control grid is 
called feedback or regeneration. Since it is possible 
to reverse the direction of the feedback voltage, we 
may also use this device to oppose the grid voltage 



Fig. 4-29. Regenerative detector circuit. 



Fig. 4-30. ‘ Capacitive control of regeneration. 


and thus reduce the stage gain, which process is 
called reversed feedback or degeneration. 

4-17a. The Regenerative Detector —It will be 
recalled that in the detector discussions of section 
4-12 the amplified r.f. appearing in the plate circuit 
was intentionally discarded by returning it to the 
cathode. Where unusual detector sensitivity is es¬ 
sential, as for example in the ca.se of a simple one- 
or two-tube receiver, this r.f. in the plate circuit 
may be utilized to produce regeneration by means 
of circuits such as shown in Figures 4-29 and 4-30. 
Coil L3 in the plate circuit, known as the tickler, 
carries the complete plate current, that is, d.c., r.f. 
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and audio, but has only a fcw' turns so that its audio 
and d-c effect is negligible. It is, however, large 
enough to act as the primary of a radio-frequency 
transformer when brought near coil L 2 , which acts 
as the transformer secondary and returns a portion 
of the plate power to the grid. Control of the re¬ 
generation is accomplished by moving in relation 
to L 2 or by varying the condenser in the plate cir¬ 
cuit so as to change the impedance which it offers 
to the r.f., thus controlling the r-f current in the 
plate circuit. 

The regenerative detector may be easily made 50 
to 100 times as sensitive as the nonregenerative de¬ 
tector, but it is correspondingly easily overloaded 
and critical in operation. 

4-17b. Regeneration by Plate Loading —An 

altogether different way of producing regeneration 
is possible and is unintentionally the cause of most 
circuit instability in both receivers and transmitters. 
If any amplifier tube is given a plate load of high 
impedance at the operating frequency, then the tube 
is able to create a considerable voltage across this 
load. Looking at Figure 4-31 it can be seen that 
there are connected across this load voltage the 
grid-input circuit in series with the small interelec¬ 
trode capacitance of the grid and the plate. The 
action can be illustrated by an intentionally exag¬ 
gerated case. Let us supi)osc that the operating 
frequency is 1,000,000 cycles per second, that the 
tuned grid circuit has an impedance of 250,000 ohms 
at this frequency, and that the plate-to-grid capaci¬ 
tance is 10 ^^f which, at 1,000,000 cycles, presents 
a reactance of about 16,000 ohms. The r-f voltage 
in the plate circuit feeds back through the plate- 


grid reactance of 16,000 ohms and the portion ap¬ 
pearing across the tuned grid circuit is evidently: 

__ ^ 

250,000 -f 16,000 

As stated, this is an exaggerated case to stress 
the point that feedback through the plate-to-grid 
takes place zvhcnn^cr the plate load is high enough. 
Unfortunately this is just the condition under which 
the highest amplification is secured in a tuned r-f 
amplifier, so that high gain and a tendency toward 
regenerative instability are always found together, 
the effect increasing with fre(|uency because the re¬ 
actance of the plate-to-grid capacity is falling, and 
making feedback easier. 

Moreover, no plate load remains constant at all 
frequencies, hence irregular variations of regenera¬ 
tion are the rule. 

4-17c. Effect of Phase-shift on Regeneration— 

It has already been stated that if the feedback volt¬ 
age is reversed the effect is degenerative rather than 
regenerative. A departure from in-phase (addi¬ 
tive) feedback is therefore a departure from the 
strongest regeneration so that feedback due to the 
plate load depends not only on the size of the plate 
load, but also on the nature of its reactance. This 
is readily illustrated hy the Armstrong circuit of 
Figure 4-32. Here the plate load is a pure (and 
very high) resistance when the plate circuit is tuned 
to exact resonance, and may be made either capaci¬ 
tive or inductive by detuning to one side of reso¬ 
nance or the other. The result will be found to be 
a wide variation in efficiency. 



Fig. 4-32. Armstrong circuit. By tuning plate circuit near resonance large 
regenerative amplifier gain or steady oscillation may be produced at will. 
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l-COIL HAZELTr« CIRCUIT 
WITH SERIES (THROUGH THE 
COIL) PLATE FEED AS USED 
IN TRANSMITTERS 

Fic. 4-33. Neutralizing circuits used in r.f. transmitting amplifiers. 


4-17d. Regeneration in Transmitters —In the 

r-f amplifier chain of a transmitter most of the 
lubes have plate loads consisting of tuned circuits 
set for the maximum output, which is also the 
favorable condition for maximum regeneration and 
instability. In most of the stages this regeneration 
is not wanted, hence transmitters commonly have 
antiregencrativc devices applied to most of their r-f 
stages. 

4-17c. Antiregencrativc Devices for r-f Ampli¬ 
fiers —Antiregeneration systems depend on pro¬ 
viding an additional feedback path external to the 
tube but of rever.se nature, so that the regenerative 
feedback through the tube shall be met at the grid 
by an equal and opposite degenerative feedback. 
To accomplish this there have been devised a num¬ 
ber of neutralizing or balancing circuits, differing 
in their complexity, ease of adjustment and ability 
to stay in balance with changes of frequency or 
temperature. A number of these circuits have the 
common nature of becoming less balanced when the 
operating frequency is changed, as in tuning a re¬ 
ceiver—cither because the circuit is inherently in¬ 
capable of remaining balanced except at one fre¬ 
quency or because it is not possible in practice to 
attain theoretically ideal conditions. Depending on 
the circuit and the adjustment, it is possible to cause 
regeneration to ri.se with rising frequency or to fall 


with rising frecpiency, the latter being preferable as 
it compensates for the slope of the gain curve due 
to a changing UC ratio—that is, the tendency of 
an r-f tuned amplifier to amplify less at that end of 
the range where more capacitance (but the same 
coil) is operative. 

4-17f. Neutralization Circuits Used in Trans¬ 
mitter R-f Amplifiers —Figure 4-33 shows the 
Rice neutralization circuit. Coil receives r-f 
energy from an outside source at the frequency to 
which it is tuned by the condenser across its ter¬ 
minals, The upper half of the coil feeds the r-f 
voltage to the grid and amplification proceeds in the 
usual manner, producing an amplified r-f voltage 
across the output coil. A portion of this voltage 
now returns to the grid through the plate-grid ca¬ 
pacitance, which has been shown as condenser Cj. 
If that were all, the stage would be highly regenera¬ 
tive and unstable. However, at the same time some 
of the voltage from the upper end of the output coil 
is being returned through the neutralizing condenser 
C„ to the end of L, which is opposite the grid, thus 
opposing the voltage which returned to the grid via 
Cj. A simple way of explaining the opposition and 
cancellation between the feedback voltage via 
and that via is that the tuned coil acts as an 
electrical see-saw, pivoted on its center-tap. Like 
any see-saw it ten<is to come to rest if both ends 
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are pushed down at the same time. Thus the un¬ 
desired grid voltage is cancelled and only that arriv¬ 
ing from the preceding stage (not shown) excites 
the grid. 

Figure 4-33 also shows the Hazcltine neutralizing 
circuits. The latter are in effect the Rice circuit 
transported to the plate side of the tube. From one 
end of the plate load an r-f voltage returns through 
Cl, while from the other end of the plate load an 
opposing voltage returns to the same grid, cancelling 
the original feedback. 



Fig. 4-34. Ballantine cross-neutralization of a push-pull 
staflre. (The grids are normal, being shown double-ended 
solely to simplify the diagram.) 


Figure 4-34 shows the Ballantine method of 
cross-neutralizing a push-pull r-f amplifier stage. 
Study of this circuit will show that if one of the 
neutralizing condensers is removed both tubes will 


still be capable of neutralization by readjusting the 
remaining neutralizing condenser. In this condi¬ 
tion one of the tubes is Rice-neutralized and the 
other is Hazeltine-neutralized, but the adjustment 
is rather delicate and tends to go out of balance with 
changes of voltage such as occur during modula¬ 
tion, or with small changes of tuning. The com¬ 
plete Ballantine circuit is superior in these regards. 
For tubes which are fairly well matched it is pos¬ 
sible to couple the two neutralizing condensers me¬ 
chanically (but not electrically) so as to give single 
control neutralization. 

4-17g. Regenerative Oscillators —From what 
has been said in foregoing sections it can be seen 
that the normal tendency of a triode amplifier is to 
regenerate when provided with a load of adequate 
size and of such nature as to permit high amplifica¬ 
tion. If no brake is applied, the regeneration tends 
to feed back enough voltage so that the grid swings 
rise rapidly in amplitude, with a consequent rise in 
the a-c plate voltage until the swings are as great 
as permitted by the plate supply voltage and cathode 
emission. The tube is now oscillating. 

Figure 4-35 shows various circuits capable of pro¬ 
viding dependable regenerative oscillation. Other 
oscillators using triodes, tetrodes and pentodes are 
shown in Figure 4-37. They all depend on one of 
two basic ideas, already covered in previous dis¬ 
cussion : 
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Fig, 4-35. Regenerative triode oscillators. 
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(a) A tuned circuit is provided with tlie grid and 

plate connected to opposite ends thereof so as 
to maintain them at opposite a-c voltages, 
while the tube swings or oscillates. The 
feedback is via the tuned circuit. 

(b) A tuned circuit is placed in one branch (grid 

or plate) and the other branch is provided 
with either a high impedance or another 
tuned circuit adjustable as to resonance- 
frequency so that it may be made to have 
a high inductive reactance. The feedback 
is via the tube’s plate-grid interelectrode 
capacitance. 

(r) A tuned circuit is place in one branch but the 
other branch is couf)led to it magnetically to 
give action equivalent to (a) above. 
id) A tuned circuit is replaced by a quartz crystal 
l)late. 

in modern transmitters these oscillators are em¬ 
ployed mainly as (b'ivers of a multitube amplifier 
system and are not called upon to generate much 
power. This permits the use of a small lube, pro¬ 
tected from temperature changes by a suitable en¬ 
closure. and from voltage changes by a small inde¬ 
pendent power supply. It is thus possible to provide 
exceptional frequency stability, keeping the station 
well within the authorized frequency tolerance. 
CVystal-controlled oscillators offer especial advan¬ 
tages in this regard. Attention is called to the more 
complete oscdlator discussion in the following 
chapter. 

4-18. Frequency and Power Limits of Vacuum 
Triodcs —In most tube applications the limit as 
to power outi)Ut is set by heating of the tube, though 
it is also possible to encounter difficulty with the 
tube’s insulation or to injure the filament while 
heating does not appear excessive. These latter dif¬ 
ficulties are usually met when operating the tube 
with small plate current, high plate voltage and 
grid bias, and very strong grid excitation. Under 
these conditions the plate current consists of very 
brief pulses, much less than % cycle in duration, 
but of very great momentary amplitude. These 
pulses are quite capable of damaging the filament 
and quickly reducing its emission. Caution is there¬ 
fore necessary when attempting to operate triodes 
in the manner indicated, whether for the purpose of 
frequency-multiplying or for the purpose of obtain- 
ing high r-f output. 

As the frequency is increased there arrives a 
point at which the tube must be operated at lower 
plate voltage to avoid gradual or immediate damage. 
This is due to the fact that the tube docs have 
internal capacitances and that, as the frequency rises, 
more and more r-f current is sure to flow through 
any condenser, tending to heat it. Thus as the fre¬ 
quency is increased, a larger and larger share of the 
r-f current flows through the tube capacitances until 
a number of amperes may be flowing through the 


grid, though its d-c grid current indicates only a 
fraction of one ampere. As the permissible heat- 
dissipation in the grid is limited, the voltage must 
be lowered, with lesser output as a consequence. 

Another effect enters here. Not only does the 
feedback current flow through the vacuous space, 
it also flows through any insulation material lying 
between the tube elements—even via portions of 
tlie glass envelope or the tube base. Older tubes 
were frequently destroyed by the resultant local 
heating when used at higher frequencies, but mod¬ 
ern tubes are designed to avoid such losses. Finally 
there is a frequency linntation due to the length of 
the wires passing from the tube elements to the 
outside of tbe tube. 



Fig. 4—36. Western Electric 5-kw. N\atcr co(jled 
power tube. 

4-19. Water-cooled Tubes —Water-cooled tubes 
do not differ as much from air-cooled tubes as their 
appearance. Figure 4-36 suggests. One end of the 
tubular plate has been closed by a metal head, and 
the opposite end by a glass seal through which the 
grid and cathode leads enter, the actual cathode and 
grid occupying the usual positions within the plate. 
As opposed to a complete glass enclosure, this con¬ 
struction has the advantage that the plate is exposed 
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and can be cooled by water flowing around it 
through a metallic water-jacket, in which the tube 
rests on a flange provided for that purpose and made 
tight by a rubber gasket. The more rapid removal 
of heat by the water makes possible much larger 
outputs from the same size tube (though the fila¬ 
ment must be larger) and also makes possible vac¬ 
uum tubes of much higher power capability. 

Water-cooled tubes are at a disadvantage at very 
high frequencies, partially because of the mass of 
metal which forms the water-jacket. Modern types 
perform, however, quite satisfactorily at high 
frequencies. 

Water-cooled tubes are in many cases provided 
with air-blast cooling of the glass portions, and 
there have been designs in which water flows into 
hollow grid and plate structures to cool them. 
Such devices are due to the necessity of disposing 
of the heat liberated by the filaments, which amounts 
to many kilowatts in the larger tubes. 

4-20. Safe Dissipation Limits —Plate dissipa¬ 
tion is that power which is left on the plate as heat, 
and must be removed by the cooling water or, in the 
case of an air-cooled tube, must be removed by radi¬ 
ation through the glass envelope, possibly with the 
aid of an air blast directed on the glass to remove 
that share of the heat which fails to penetrate the 
glass in radiant form. The power fed into the 
plate is: 

Watts input = Plate supply voltage X 

plate input amperes 

Neither the voltage nor the current should exceed 
the manufacturer’s rating for the type of service 
intended. The widespread impression that it is 
good economy to overrun tubes is true only if one 
is making a definitely temporary use of the ecjuip- 
ment; it cannot be substantiated for long-term 
operation. 

Plate circuit efficiency or conversion efficiency is 
the portion of the input power which emerges as 
output. It is usually stated in percent efficiency. 

This leaves the portion of the input which has 
not been converted into output and which stays in 
the tube as heat constituting the main limitation of 
tube operation. If this dissipation cannot be kept 
belo7v the limit recommended by the manufacturer, 
the input must be reduced if normal tube life is to 
be obtained. 

Excessive heating may result in damage to the 
tube, either by the release of gas and destruction of 
the vacuum or by reducing the insulation of the tube 
and leading to early failure by internal short circuit, 
or by cracking of a seal and the admission of air 
with the consequent oxidation of the filament— 
giving the familiar milky white smoke and burnout. 
Indirect damage may be done to the filament without 
actual cracking and leaking. 

Excessive heating of other elements is also quite 
possible; hence both the d-c and the r-f currents to 


all grids must be kept within recommended limits. 
Graphite plates do not show color until the losses far 
exceed safe limits. Even a few minutes of dull-red 
operation may greatly shorten the tube life. 

4-21. Reactivation of Damaged Filaments— 
The oxide-coated type of filament, once damaged, 
is incapable of repair unless the tube is sent to a 
repair shop, opened and reworked. The active coat¬ 
ing has been removed from the surface of the 
filament. 

However the thoriated type of filament may have 
suffered no damage except to have the thorium 
stripped from the surface layer at a rate too great 
to permit replacement by diffusion from inside the 
filament. In this case reactivation may be attempted 
as follows: 

(а) Remove voltages from all tube elements except 

the filament. 

(б) Operate the filament at normal voltage for 20 

minutes. 

If this does not effect a remedy, flashing and sea¬ 
soning may be tried: 

(c) Operate the filament at 300 percent normal 

voltage for 30 to 60 seconds. This is 
flashing. 

((/) Season at 150 percent normal voltage for 10 
minutes. 

(r) Restore to normal operation. If emission is 
still low—discard. Some burnouts will take 
place during treatment. 

Oxide-coated or indirectly heated cathodes are 
severely damaged by this treatment—be sure of the 
type. Pure tungsten cathodes will certainly be 
burned out and cannot possibly be benetitted by 
treatment. 1 f it fails to produce emission at normal 
voltage, the tube is defective and must be repaired 
or discarded. 

4-22. Composite Vacuum Tubes —A virtually 
endless variety of tubes is possible by combining 
several tubes in one envelope. In most cases this 
provides mere mechanical compactness and provides 
nothing which could not be accomplished by employ¬ 
ing conventional diodes, triodes, tetrodes, and pen¬ 
todes. In this classification are such tubes as: 

(а) Plate-supply rectifier and audio power tube in 

one envelope. 

(б) Detector diode in same envelope with amplifier 

triode, tetrode, or pentode. 

(r) The same with a double diode. 

(d) Two identical triodes in same envelope. 

(e) Two triodes of different type in same envelope 

permanently connected as voltage driver and 
power stage. 

There are some tube types which accomplish re¬ 
sults not equally well attained by independent tubes. 
A notable example of this is the penagrid converter 
outlined in the following section. 
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4-23. The Dow Electron-coupled Oscillator— 

Consider a triode whose plate is made of a wire 
mesh. Some electrons will penetrate this mesh and 
if the triode is made to oscillate it is clear that the 
electron stream coming through the mesh will be 
pulsating. This ptilsating electron stream may be 
attracted by a second plate placed beyond the mesh 
plate. This second plate is maintained at a higher 
voltage than the first and receives a pulsating elec¬ 
tron stream which emerges from the second plate as 
a pulsating plate current, the pulsations, of course, 
being at the frequency at which the triode is oscil¬ 
lating. The combination of a triode with a mesh 
plate, backed by another plate, is nothing but an 
ordinary tetrode, the mesh plate being the screen. 
The circuit can be modified in many ways without 
losing the fundamental advantage that the output 
element is coupled to the oscillator only by electron 
coupling, hence the oscillator is relatively well pro¬ 
tected from outside influences such as changes of 
load. Figure 4-37 shows some circuit forms, all 
rather manifest descendants of the oscillators of 
Figure 4-35, with the ground moved to the screen 
to give the best protection against unwanted screen- 


to-plate coupling other than the desired electron 
coupling. 

Dow electron-coupled oscillators, like others, pro¬ 
duce a highly distorted wave form when oscillating 
strongly; hence numerous harmonic frequencies 
(multiples of the original frequency) are pre.sent 
and can be derived by merely equipping the plate 
circuit with a circuit tuned to the desired harmonic. 
Further strengthening of the harmonic is possible 
by the means suggested in Figure 4-37c). The coil 
tuned so as to present reactance at the grid- 
circuit frequency (not to resonance), while the coil 
Lg is tuned for maximum output at the desired 
harmonic frecjuency. 

The Dow oscillator has at times been explained 
as consisting of a triode oscillator plus a tetrode 
amplifier and some forms have been given names 
such as “tri-tet” intended to describe this concept. 

4-24. Other Oscillators: Barkhausen-Kurtz, 
Magnetron —The oscillators thus far described 
depend upon regeneration, that is, they are ampli¬ 
fiers in which a portion of the output is returned 
to the grid. In addition we have another class of 
oscillators using vacuum tubes. These are the types 



C- Lamb Fobm op Armstrong Fierce-Dow oscillator. 


Fig. 4-37. Crystal controlled oscillator circuits. 
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in which we do not merely vary the size of the elec¬ 
tron stream as it passes from cathode to anode, but 
rather stop the electron in its progress toward the 
anode and cause it to zig-zag in the vacuous space. 
These zig-zags may be made very short, hence the 
frequency of oscillation may be made very high. 

One form of such oscillation is that of the 
Barkhausen-Kurtz oscillator of Figure 4-38. This 



Fig. 4-38. Barkhausen-Kurtz non-regenerative oscillator. 
(Note polarities of <1 c. grid and plate supplies.) 

is a triode oscillator but the grid is positive and 
eventually captures all the emitted electrons, which 
is normally a plate function. Therefore, the grid 
current is large, the grid heats strongly, and the 
tube must be operated at very low power. The 
plate is negative and serves to drive back the elec¬ 


trons which penetrate through the meshes of the 
grid, whereupon it is presumed that the electrons 
zig-zag their way back to the grid. The frequency 
is determined mainly by the tube dimensions and 
voltages, but is influenced by any circuit connected 
to the tube and tuned near the oscillation frequency 
or some multiple of it. With proper tuning this 
output circuit materially strengthens the effect, but 
only a few watts at best are obtained at the centi¬ 
meter waves for which this oscillator is employed. 

Another type of wandering-electron oscillator is 
that based on the magnetron which in its simplest 
form is a diode consisting of a straight filament 
running down the center of a tubular plate, the 
entire tube being surrounded by a strong magnetic 
field parallel to the filament—that is, lengthwise of 
the tube. If the magnetic field is made strong 
enough, the plate current of such a tube ceases until 
the plate voltage is raised, whereupon it can again 
be shut off by increasing the magnetic field. The 
magnetic field causes the electrons from the filament 
to spiral instead of going out radiallv, and with a 
stiong field to flatten out into a circle, like moons 
revolving around a planet If the plate is split 
lengthwise and the two halves brought out through 



Fk. 4-39 T>pical th>ratrons and ignitrons 

A—Small triode thyratron, starting voltage 0-1000 depending on grid bias, ioniza¬ 
tion time 10 microseconds, current rating ampere. 

B—Metal-shell tetrode thyratron, current rating 6.4 amperes, other characteristics 
as above. 

C—Small glass-body ignitron showing construction. Current rating 2.4-4 amps, 
average, 600 peak Igniter current 15 amps. 

D—Metal-shell uater-cooled ignitron, current rating 50-100 amperes for short 
times, 6000 amperes peak under proper conditions Igniter current 40 am¬ 
peres. (Courtesy General Electric Company.) 
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separate connections, it is found that a-c voltages 
can be made to appear between the two plates by 
correct adjustment of plate voltage, filament tem¬ 
perature, and magnetic field, which factors also de¬ 
termine the frequency. 

Another form of magnetron oscillator has the 
magnetic field at right angles or at an intermediate 
angle, and produces a somewhat different effect. 

4-25. Mercury-vapor Diodes, Triodes, and 
Tetrodes —A family of non vacuum tubes giving 
much more pronounced effects and capable of addi¬ 
tional new effects consists of the tubes containing 
metallic vapors, commonly those of mercury. The 
mercury ion is important in these tubes because it is 
a metallic ion, physically and electrically quite enor¬ 
mous as compared to tlie electron. It is thus pos¬ 
sible for a mercury ion to transport electrons in 
quantity and to accomplish the essential elimination 
of the obstructing space charge, which reduces the 
voltage drop through the tube to a fraction of its 
former value and makes it nearly constant, even 
though much larger currents are being passed. The 
217C vacuum diodes are of the same size as the 
872A mercury-vapor diodes, indicating about the 
same heat-dissipating ability, yet a pair of the 
former have a maximum rated output under 1 kw 
while the 872A mercury-vapor tubes deliver 8 kws 
at materially better efficiency, without requiring 
materially more filament power to produce the origi¬ 
nal emission. Mercury-vapor diodes are used prin¬ 
cipally as power supply rectifiers, and are further 
discussed under “Power supply rectifiers and filters” 
in section 4-27 of this chapter. 

'Jlie mercury-vapor triode is not encountered as 
commonly in radio work as in power control and 
distribution devices, where it is extremely active 
under such names as thyratron which is the General 
IClectric trade name but very aptly explains the tube 
since it means “a gate device.” The mercury triode 
with hot cathode does not pass large forward cur¬ 
rents as does the diode—for this time the gate has 


a latch, called the grid. If the plate voltage is in¬ 
creased the latch will be pushed open unless we 
cause it to latch more tightly by raising the grid 
bias at the same time. In either case we have a 
blocked or cutoff triode until the latch does slip, but 
from that instant the tube acts quite differently from 
a high-vacuum triode for the grid loses control com¬ 
pletely and the gate swings wide open, letting cur¬ 
rent flow through with only about a 12 to 14 volt 
drop as compared to 40 to 10,000 volts in a high- 
vacuum triode. This current continues to flow until 
the plate voltage is removed long enough to permit 
the mercury vapor to de-ionize, the time varying 
with tube design and temperature. If the plate 
supply is a.c., the grid can recover control during 
each negative half-cycle, so that a large alternating 
current may be interrupted noiselessly and instantly 
by a few volts applied to the grid. Furthermore, 
the amount of a.c. flowing can be controlled by set¬ 
ting the grid voltage so that only a part of each 
positive half-cycle passes. If the grid bias is d.c., 
less than % cycle cannot be passed except by cutting 
off completely, but with a-c grid voltages it is 
possible to use phase-shifts so as to pass practically 
any desired portion. Two thyratrons thus consti¬ 
tute a full-wave switch of remarkable capabilities. 

There are also mercury-vapor tetrodes whose 
abilities may be inferred from previous discussion. 

One special vaporous tube, called the ignitron, is 
exceptional as compared to all others. This is a 
triode but of a very unconventional structure. It 
consists of an anode suspended over a mercury pool 
into which dips the third element. This third cle¬ 
ment fulfills the function of the grid in the thyra¬ 
trons, but in a wholly different manner. As there 
is no hot cathode the tube has little initial tendency 
to conduct, and instead of being in need of restraint 
by a negative grid it must rather be ignited into 
action. This is provided by the third or igniter 
electrode which has a carborundum point dipping 
into the mercury pool. If a sufficient voltage is 
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Fig. 4-40. Cathode-ray tube. 


76 


RADIO MANUAL 


applied to this electrode, current passes between it 
and the mercury producing a small amount of 
ionized mercury vapor which triggers off the main 
discharge to the plate in a manner similar to the 
striking of any mercury arc, but this arc goes out 
on each negative half-cycle and stays out if the 
igniter has meantime been deprived of its ignition 
voltage. Thus the tube functions as the thyratron, 
but with a simpler and very rugged physical struc¬ 
ture with a long life-expectancy. The momentary 
currents which such tubes can pass for control and 
welding purposes are extremely high. Their appli¬ 
cation to radio work is as yet limited. 

4—26. Cathode-ray Tubes —The cathode-ray tube 
is ordinarily of vacuum type and should perhaps 


have been discussed sooner except for the fact that 
its action is more easily understood after some of 
the special types already mentioned. A typical con¬ 
struction appears in Figure 4-40. An electron gun 
emits a stream of electrons at high speed toward the 
other end of the tube where they strike the center 
of a round screen which is a layer of a material 
such as zinc silicate or calcium tungstate, capable 
of glowing when struck by electrons. 

The electron gun of the cathode-ray tube consists 
of a hot electron-emitter (cathode), a grid to con¬ 
trol the current-flow, and several anodes to direct 
this flow into a thin stream. The second and more 
positive anode usually has a small opening from 
which this stream emerges as from a nozzle, striking 



2nd Section 1st Section 



Fig. 4-41. Typical power supply rectifier-filter circuit. 
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the center of the screen unless deflected. Deflection 
is possible with the aid of either a magnetic or 
electrical field, since both affect electrons. Some 
cathode-ray tubes have no internal deflecting de¬ 
vices and are used with coils laid alongside the elec¬ 
tron path; others have small deflecting plates sealed 
into the tube in pairs, the ray passing between them 
and hence being bent by any voltage applied to the 
pair. Two pairs are common to permit moving the 
ray in two directions. 

fVimarily the cathode-ray tube is a voltmeter (the 
beam bending proportionally to the strength of the 
electric or magnetic field), whose response is instan¬ 
taneous, and which draws virtually no current. 
Hence it will work at high frequencies with small 
power. In addition it is nearly foolproof, enduring 
violent overvoltage without injury. The ability to 
move in several directions makes possible the draw¬ 
ing of curves and such special applications as tele¬ 
vision. For the radiotelephone station their great¬ 
est interest is in the ability to draw a moving pic¬ 
ture of the modulation far more informative than 
many meters, and constantly up-to-date. 

4-27. Power-supply Rectifiers and Filters— 
The commonest ])()wer source of plate voltage for 
receivers and small transmitters employs the circuit 
of Figure 4-41. The two diodes may be either in 
a single tube or in two tubes with their cathodes tied 
together. The action is explained by the figure, but 
various important considerations cannot be seen 
there. 

ia) I'he transformer supplying a rectifier is deliv¬ 
ering half-v\ave surges of abnormal wave 
form, hence its design departs somewhat 
from straightforward a-c practice; purchase 
from a supplier specializing in transformers 
for this particular use is advisable. 

(6) The effectiveness of the smoothing (filtering) 
and the voltage stability are both very 
strongly affected by the design of the filter, 
for which simple rules are suggested. 

(r) The tube life, especially for the mercury-vapor 
rectifier, depends on unequivocal adherence to 
certain rules of filter design and loading. 

Before proceeding to filters we will review briefly 
the nature of the two types of diode rectifiers. 

The high-vacuum diode, which is available in a 
wide range of sizes, suffers quick and permanent 
filament injury in the event of a serious overload 
as from a short circuit in the filter or load, or even 
from a moderate, maintained overload. It is pos¬ 
sible for ruinous momentary overloads to exist even 
though the meter in the d-c filter output indicates a 
safe load. 

The mercury-vapor diode is capable of handling 
large currents without excessive heating and hence 
is attractive in the larger applications. Its use in 
receivers has been attempted most unsuccessfully 


because of the noises created by the abrupt surge 
at the first part of each forward half-cycle. It is 
also necessary to guard against this in transmitters 
and to shield near-by low-power stages thoroughly. 
The mercury diode, because of the surge tendency 
and also because of its very low resistance, is even 
more easily injured by short current peaks than the 
high-vacuum diode. Since the mercury-vapor tube 
depends upon ionization of the mercury, any failure 
of this process results in concentrating almost the 
whole plate voltage at the filament surface which 
may lose all its active surface in a few seconds, 
minutes, or hours. 

4-27a. Filters—Smoothing and Regulation— 

The conventional power-supply filter does not at¬ 
tempt to use tuned circuits but simply shunts large 
condensers across the rectifier output circuit and 
large iron-core choke coils in series with the rec¬ 
tifier output, as shown in Figure 4-41B, a method 
ai'tly called ^‘brute force” by Ballantine hut gener¬ 
ally acce]>ted as best for the problem of smoothing 
an output obtained by rectifying a.c. The essential 
requirements of such a filter arc: 

(a) It must contain enough capacitance and induc¬ 

tance to reduce the ripple to the desired ex¬ 
tent and must avoid resonance with the sup¬ 
ply frequency. 

(b) It must not use too little inductance and too 

mucli capacitance (except at very low volt¬ 
ages), or tube-surges will result in the dam¬ 
age already mentioned, particularly in the 
case of mercury-vai)or tubes. 

Filter troubles ordinarily begin in the first filter 
section. Of course, this may be the only filter sec¬ 
tion used, particularly in a radiotelegraph trans¬ 
mitter. Resonance with the supply frequency is 
easily avoided if the first section has a henrys- 
times-niicrofarads product of 14 for a 60-cycle sup¬ 
ply, or 20 for a SO-cycle supply, but this must not 
consist predominantly of capacitance unless the 
voltage and the load current arc quite low—even 
when using a high-vacuum rectifier. If the filter 
has an input condenser (CO, then the first choke Lx 
should have a value of 20 henrys or better, with the 
input condenser not exceeding approximately 4 ;if, 
and the second condenser of about the same value 
in the case of a mercury-vapor rectifier, or as large 
as desired for a high-vacuum rectifier, under normal 
conditions. With such a condenser-input filter, the 
high-vacuum rectifier tubes may be worked at the 
same load current as with a filter of the inductance- 
input type—that is one lacking Ci, However, the 
a-c voltage supplied to the tubes should not be 
greater than 75 percent of the voltage permissible 
with an inductance-input filter. Or, on the other 
hand, if the input voltage is kept the same, then the 
load current must be reduced 25 percent from that 
considered proper at maximum voltage with the 
inductance-input filter. In other words the high- 
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vacuum rectifier cannot work at maximum current 
and maximum voltage simultaneously when using a 
capacitance input filter. 

Typical Ratings of Half-Wave Vacuum 
Diode Rectifier 

PERMISSIBLE LOAD CURRENT 
IN MILLIAMPERES 

Filter with Filter with 

Capacity Input Inductance Input 


Plate volts 

;a.c.) 

600. 

.... 180 

180 

Plate volts 

,a.c.) 

650. 

.... 135 

180 

Plate volts 

a.c.) 

700. 

.... 135 

180 

Plate volts 

,a.c.) 

750. 

.... — 

180 


The regulation, that is, the voltage drop under 
load, is greater with the capacitance-input filter, but 
this type of filter produces a higher no-load output 
voltage for the same a-c input voltage. Thus it de¬ 
pends on the load whether a certain a-c supply volt¬ 
age will produce a higher output voltage through a 
capacitance-input filter or an inductance-input filter. 
Where the load is light and steady, the condenser- 
input has an advantage. Where the load is heavy 
(30 percent or more of tube rating), and espe¬ 
cially where it is variable, the inductance-input is 
preferred. 

4-27b. Filters for Mercury-vapor Tubes —The 

above considerations are much more important for 
the mercury-vapor type of tube which may be used 
with a condenser-input filter only if run at reduced 
load current and moderate voltage. The antireso¬ 
nance rule already given must be observed, and, if 
a condenser-input filter (strongly advised against) 
is used, it must also observe the rules already set 
down but with a 50 percent reduction in load 
current. 

Perhaps the most striking fact about this tabula¬ 
tion is the much smaller safe value of the first 
choke when using 3-phase rectification. The rea¬ 
son is that such a rectifier produces overlapping 
pulses; hence no tube looks into a currentless cir¬ 
cuit, and cannot be subjected to a starting surge as 
severe as that in a single-phase rectifier with an 
equally small first choke. For high-power rectifiers 
polyphase rectifiers are invariably used because of 
the increased ease of filtering, decreased danger to 
tubes, and higher output voltage for the same tube 
strain. 


4-27c. Filters—Regulation with Mercury-vapor 
Tubes, Filters for High-resistance Loads —The 
regulation effect of the filter on a high-vacuum diode 
has been mentioned. This effect is also present 
with the mercury-vapor diode, and the low resistance 
of the latter permits a filter action productive of 
superior regulation. To accomplish this, the first 
choke is made larger than required by the rules 
thus far set down for those cases where the load is 
of high resistance. Such loads, incidentally, may 
cause surging in tubes with the first chokes previ¬ 
ously mentioned. 

Table of First Inductances (Li) to Protect Mercury- 
vapor Diodes Against Surges and Poor Regula¬ 
tion UNDER Conditions of High-resistance 
Load. (Load resistance defined as d-c 
output voltage/d-c output current.) 

Recommended First Choke {Li) 


Load {ohms) {henrys) 

100,000. 200 

10,000. 20 

5,000. 10 


Note —^Tabulation applies to single-phase, full-wave 
(2 tubes) only. 

The high co.st of a choke with such high induc¬ 
tance at light load, but large enough to carry full¬ 
load current, has led to the “swinging choke*’ popu¬ 
larized by F. S. Dellenbaugh. This is a choke de¬ 
signed to have a high inductance at light load but to 
undergo magnetic saturation under heavy load cur¬ 
rent, with consequent decrease in inductance. If 
the swing ratio is high, the choke must be designed 
for the load current, but if the swing is only 2:1 or 
3:1 it may be used with some carelessness while 
providing improved results and lower cost, and per¬ 
mitting the power supply to work with either large 
or small load currents. 

However, no mercury-vapor rectifier system 
should be operated entirely without load if avoid¬ 
able, In all cases provide a drain equal to 5~10 
percent of full load, through a bleeder resistance if 
necessary, or provide a no-current release to cut off 
the power supply whenever the load drops below 
such a value, 

4-27d. Noises Caused by Mercury-vapor Rec¬ 
tifiers— Mercury-vapor rectifiers produce severe 


Typical Maximum Performance of Mercury-diode Rectifiers 



Relative 


Filter Recommendations 


Volts 

Amp 

Minimum Lt 
(henrys) 

Maximum Ci* 
(microfarads) 

2 tubes, full wave, capacitance-input filter. 

1.25 

0.5 

See previous | 
capacitance 
10 

20 

2 

paragraphs on 
-input filter 

1 

0.5 

0.5 

2 tubes, full wave, inductance-input filter. 

1.00 

1.0 

4 tubes, bridge, full wave, same filter. 

6 tubes, 3-pnase, full wave. 

2.00 

3.0 

1.0 

1.5 




* May be increased in the same proportion as L, is increased. 
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noise in near-by receivers, and often in audio ampli¬ 
fiers apart from receivers, unless the rectifiers are 
prevented from surging. Capacitance-input filters 
are always troublesome and can seldom be quieted 
completely. The best remedy is an adequate input 
choke Li, supplemented by shielding of the tubes 
and the entire supply, and sometimes r-f chokes of 
a few millihenries connected close to each plate. 
Buffer condensers connected across each tube may 
prove helpful. They must be a high-grade r-f type, 
suited to high d-c voltage, and of a capacitance 
about 0.001 ^f. 

4-27c. Effectiveness of Filtering for 1- and 2- 
Section Filters —^Although the first filter section 
has the foregoing requirements for the sake of tube 
safety (except at reduced voltages and currents), 
the final filtering effect is brought about by the total 
amount of capacitance and inductance employed. 
The theory need not be gone into here. The fol¬ 
lowing tabulation is a fair guide for most work. 


Tabulation of Filters for Single-phase, 
Full-wave Power Supplies (Either 
X'acuuni or Mercury Rectifier Tubes) 


Class of Load and 
Theoretical 
Percentage Ripple 

Push-pull Class A audio 

stages—5%. 

Radiotelegraph trans¬ 
mitters— 1 %. 

Radiotelephone trans¬ 
mitters and audio 
stages—1/4 of 1%..:... 
High-grade audio systems 
- under 1/10 of 1%. . .. 
Low-level audio stages 
and bias supplies- 
1/20 of 1%. 


1 -Section Filter 

C omtant, 

(L X C) 

2-Section Filter 
Constant, 

(ia,)(a H-Cf)* 

20 

130 

100 

650 

400 

2520 

Impractical 

6500 


Above filters inadequate; 
3 stages of filtering recom¬ 
mended. 


4-27f. Devices for Effecting Filter Economy— 

In many cases it is needless to filter the entire power 
supply outi)Ut to the same degree. In a radio re¬ 
ceiver the output stage may be a push-pull class A 
amplifier working at 300 volts, while the other tubes 
operate at 250 volts and draw small currents, and 
the screens of these tubes operate at 100 volts and 
draw still smaller currents. It is then economical 
to employ the 2-stage filter of Figure 4—41B, taking 
off the output-stage supply just beyond Lj. The 
first filter stage need smooth to only a limited ex¬ 
tent, as the push-pull output transformer will buck 
out hum if the two tubes are reasonably matched. 
The effect is not completely attained in all receivers 
because of the practice of using the field coil of the 
loud-speaker as the first filter choke Lj, thereby in¬ 
troducing an objectionable hum unless the speaker 
is very inefficient at low frequencies. In better re¬ 
ceivers the speaker field is used either as a second 
choke 7.2 o*" connected across the plate supply sys¬ 
tem after some filtering has been accomplished. 
The other tubes require only small currents; hence 


L 2 may be small and inexpensive, or may be re¬ 
placed by a number of small resistors, one in each 
supply line, each followed by a condenser of mod¬ 
erate voltage rating, in place of a single C 3 . The 
various branch-line resistors are proportioned to 
produce the proper voltage drop in the d-c supply, 
in addition to acting as ripple filters. A danger of 
such filter systems is that, if they are operated with 
the receiver tubes removed, full voltage will be de¬ 
livered to all the condensers, and as those beyond 
the resistors are not intended to stand this strain, 
breakdown may result, 

4-28. The Electron Tube in Tuned Circuits— 

Many electron tube effects are obtained by their use 
in association with tuned circuits, which thus far in 
this manual have been assumed rather than ex¬ 
plained. Nor is it necessary now to have in mind 
more than a few basic points concerning tuned 
circuits: 

(a) A mechanical tuned system (pmno string, tun¬ 

ing fork etc.) has inertia because of weight 
and elasticity due to the springiness of the 
material. Similarly an electrical tuned cir¬ 
cuit has electrical inertia (called inductance), 
and electrical elasticity due to the capacitance 
of the circuit. In its simplest form an elec¬ 
trical tuned circuit consists of a coil (induc¬ 
tance) across which is connected a condenser 
(capacitance). 

(b) Both mechanical and electrical tuned circuits 

can be made to oscillate (vibrate) by a single 
impact, as in a piano, or they can be made to 
vibrate by a series of small impulses recur¬ 
ring at their own natural frequency, as a piano 
string responds to a singing tone. Other 
tones will cause response only if near the 
natural frequency of the tuned piano string. 
The string’s response may be made less dis¬ 
criminating (less sharp) if its free vibration 
is somewhat obstructed. Similarly an elec¬ 
trical tuned circuit becomes less discriminat¬ 
ing if electrical resistance is increased. We 
then say that it tunes broadly, or that it is 
less selective. 

(c) Since the frequency of a tuned circuit depends 

on the size of the inductance and capacitance, 
we have the ability to change this frequency 
by changing either the inductance or the ca¬ 
pacitance; consequently, we change the fre¬ 
quency of an associated tube\s operation 
whether it be amplifying or oscillating. This 
is called tuning. 

(d) The frequency of a tuned circuit also depends 

to some extent on the coil resistance and any 
associated devices, which are called loads. 
Even the associated tubes are themselves 
loads on the tuned circuits and bay greatly 
modify the tuning. 
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Of most immediate interest is the use of tuned 
circuits in radio receivers and transmitters. 

4-29. Radio Receiver Systems —If the fore- 
fi^oing pages have been understood, present-day radio 
receivers will not appear strange, for they consist 
of devices already mentioned, such as radio- 
frequency amplifier stages to strengthen the signal, 
a detector or demodulator to make the signal audi¬ 
ble, and an audio amplifier to make the sound louder, 
together with an automatic volume control to limit 
the changes in output should the signal fade. In 
most cases the receiver is tunable so as to respond 
to signals of different frequency, and there are usu¬ 
ally provided manual controls of tuning sharpness, 
audio fidelity (tone control), and sensitivity. There 
also may be an automatic frequency-control arrange¬ 
ment for completing the tuning electrically when 
the receiver is set approximately to a station’s 
frequency. 

Despite the obvious variety possible, there are 
only a few fundamental receiver types in present 
use. These include the popularly called "‘tuned 
radio frequency,” “superheterodyne,” and ""super- 
regenerative,” none of which is a distinct type since 
combinations are possible and customary. How¬ 
ever, the following di.scussion shall follow popular 
classification. 

4-29a. The Tuned Radio-frequency Receiver— 

This system consists of a detector, preceded by one 
or more stages of tunable r-f amplification to 
strengthen the signal before it reaches the detector 
from where it customarily, though not necessarily, 
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Fig. 4—42. Typical tuned radio frequency receiver. 


goes through one or more stages of audio amplifica¬ 
tion before being delivered to the loud-speaker or 
headset. The r-f stages invariably etnploy tetrode 
or pentode tubes, and the voltage gain per stage 
varies widely with the frequency from well over 
100 times at low frequencies to almost nothing at 
the frequency limit of the tubes. The voltage 
amplification is affected by the L/C ratio of the 
tuned circuits and rises with this ratio. Both the 
gain and the selectivity of the successive stages are 
multiplied together for the final result, except when 


the system departs from true cascade amplification 
through undesired interstage couplings and stray 
pickup of the original signal. These effects are 
minimizd by shielding the tubes, coils and connect¬ 
ing wires and by resistance-capacitance filters in the 
power leads feeding them. 

When made for high gains and high selectivity, 
the TRF receiver is costly because of the necessity 
of aligning five or more variable condenser sections 
to operate exactly together, and continuing to do so 
despite age, temperature, and mechanical shock. It 
is this element of high cost which causes the super¬ 
heterodyne to be preferred where high gain is de¬ 
sired or high selectivity imperative, and at least one 
of the.se two requirements applies to most present- 
day reception. Where interference is low and 
fidelity of reproduction is desired, the TRF type 
should be given serious consideration. 

The detector-audio receiver is an obsolete type 
similar to the TRF receiver except that the r-f am¬ 
plifier is omitted. Its only merits are simplicity and 
economy, but its lack of sensitivity and selectivity 
makes it unusable in the present crowded communi¬ 
cation and broadcast bands. The performance of 
the detector-audio receiver can be greatly improved 
by employing a regenerative detector. Figure 4-43A, 
in which case the receiver is known as an autodyne 
or regenerative receiver. Such receivers have been 
quite popular in the past but have the serious dis¬ 
advantage of causing interference due to radiation 
at the frequency at which they are operating. 
This radiation can be eliminated by employing a 
stage of r-f amplification preceding the oscillating 
detector. 

4-29b. The Superregenerative Receiver— In an 

attempt to increase receiver .sensitivity, there was 
devised by Major E. H. Arm.strong the so-called 
superregenerative receiver, which is a circuit for 
greatly increasing the modulated signal gain of the 
regenerative detector. 

The usual limitation of such detectors is that just 
as the gain is becoming worthwhile the regeneration 
runs away and the tube oscillates, whereupon it is 
worthless as a detector of modulated signals. How¬ 
ever, during the in.stant of going into o.scillation the 
gain is enormous and much work has been done to 
capture and maintain that condition. Failing this, 
an alternative scheme is to allow the detector to run 
through the transient high-gain condition, then 
bring it back and let it start over again—repeating 
the performance .so rapidly that the resulting flutter 
is above audibility—or at least so high as to be un¬ 
objectionable. This is the principle of the super¬ 
regenerative receiver. It may be carried out by 
modulating the tube at a superaudible rate—for in¬ 
stance by adjusting the tube to oscillate strongly at 
the signal frequency, say 1000 kc, and then feeding 
into its grid a rather strong 30,000 CPS voltage 
which shall have the effect 30,000 times each second 
of blocking the oscillations and compelling the tube 
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to Start over, thus traversing the high-gain regen¬ 
erative region again. In this case the 30,000-cycle 
supply vi^oulcl he known as the quenching frequency. 
While 30,000 cycles is inaudible and thus unobjec¬ 
tionable, it unfortunately does not provide the best 
gain except at quite short waves—the tube does not 
have enough time to “work up.’’ A lower quenching 
frequency gives much higher gain, but unfortunately 
lower pitches arc audible and to filter them out 
damages the audio output. Thus the present use of 
the super regenerative detector is largely in very 
high-frequency range (1 to 10 meters) where there 
arc a great many oscillations per quenching even if 
the quenching frequency is made inaudible. The 
superregenerative receiver is characterized by a 
strong noise background whenever signals are weak. 

'Fhe superregenerative detector has a rather pro¬ 
nounced threshold value, that is, signals below a cer¬ 
tain strength are simply dropped as by a QAVC sys¬ 
tem. In fact the superregenerative detector in itself 
acts as a very effective QAVC .sy.stcm so that a 
signal which is gradually strengthened pops into 
hearing rather abruptly, gains slightly in strength 
and thereafter holds steady even though increased 
hundreds of times. 

Both the quenching frequency and the signal fre¬ 
quency may be generated by the detector tube itself, 
Figure 4—44, or separate tubes may be used for each 
function. Figure 4-43B. 

One of the pronounced disadvantages of the super¬ 
regenerative detector is that it tends to radiate a 
rather wide frequency band because of its strong 


oscillation and the freciuency wobbles due to the 
quench frequency modulation. To minimize this 
effect such detectors should be preceded by a tuned 
r-f amplifier. Every effort must be made to secure 
some gain in this r-f system, else the noise-to-signal 
ratio is increased. This is not difficult with modern 
tubes at very short wave lengths. 

4-29c. The Superheterodyne Receiver —In Sec¬ 
tion 4-29a it was stated that the amplification of an 
r-f stage decreases as the frequency increases. 
Thus there is no difficulty in attaining large ampli¬ 
fication in each stage at a frecjiiency of. for ex¬ 
ample, 500,000 cycles (600 meters), but at a fre¬ 
quency of 30,000,0(X) cycles (10 meters) the stage 
gain may be extremely small. 'Phis gain can be 
raised by regeneration in the r-f stage, but the result 
is instability if more than one stage is used. It 
would therefore be a decided advantage if all signals 
could be fed through a low-frequency amplifier 
before going to the detector and audio system. 
This necessarily involves translating signals of all 
frequencies to a low fretiuency. While there are 
several possible schemes, the most tractable of them 
consists of translating all the signals to the same 
low frequency so that the amplifier may be of fixed 
tuning. The merit of fixed tuning is a double one: 

(a) The mechanical complexity is vastly reduced. 
{b) Since the tuning capacitance need not cover a 
wide tuning range, it may be very small, per¬ 
mitting the use of a large coil, thrft is a higher 
L/C ratio and better stage gain. The entire 
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Fig. 4-44. Super-regenerative detector oscillating at two widely 
different frequencies. 


tuned circuit may then be put in a metal can, 
preventing interstage coupling to a consider¬ 
able extent. 

Such a system is called a superheterodyne or 
supersonic heterodyne and was originally devised by 
Major E. II. Armstrong. The essential circuits are 
shown in Figure 4-45. The intermediate-frequency 
(or i-f) amplifier is the low-frequency amplifier 
mentioned. It commonly works at a fixed fre¬ 
quency in the region of 100 kc to 40 me, the choice 
depending upon the nature of the service. The 
number of stages in this amplifier ordinarily ranges 
from 1 to 4, 2 usually being adequate and easily 
stabilized. The interstage coupling devices are 
transformers, commonly made with iron-du.st cores, 
which give improved coils at these relatively low 
r-f values. 

It remains to describe the translator or converter 
which consists of an oscillator and a rectifier- 
amplifier, sometimes unfortunately called a first de¬ 
tector. The function of the translator is to trans¬ 
late the incoming signal to a low-frequency signal 
suited to the i-f amplifier. This is done as follows; 

If two frequencies, x and y, are mixed and then 
passed through a rectifier, there will be found in the 
rectifier output the following frequencies; 

(a) The original frequency x, 

(b) The original frequency y, 

(c) A new frequency equal to y-|-;r. 

(d) A new frequency equal to y ^ x. 


In the superheterodyne the incoming radio signal 
is the X frequency, while the y frequency is supplied 
by a tunable oscillator in the receiver. No u.sc is 
made of the y -f- frequency which is discarded, 
as are both of the original frequencies after passing 
through the translator. This leaves the y -- x fre¬ 
quency, which is quite evidently a lower frequency 
as de.sired. It is evident that by adjusting the oscil¬ 
lator frequency we can make y — x any frequency 
desired—for instance, the frequency of the i-f am¬ 
plifier. Let us assume that the i-f amplifier works 
at 465 kc. Then if y is 465 kc greater than the in¬ 
coming signal, there will come from the rectifier a 
frequency equal to 465; hence this frequency will 
enter the i-f amplifier, thence the detector and audio 
system, and the desired translation will have been 
concluded satisfactorily. 

The important point is that such translation can 
be accomplished without damage to the modulation. 
That is, the original modulation can, in effect, be 
transposed to a new carrier. The complete tuning 
process consists of adjusting the oscillator to trans¬ 
late the desired signal to the intermediate frequency, 
and adjusting the tuned input circuit to accept this 
signal. These interlocking operations are facili¬ 
tated by coupling the two tuning condensers to the 
same control knob. It is beyond the scope of this 
discussion to explain the design of the circuits which 
permit the oscillator circuit to maintain the desired 
difference in tuning as the control knob is turned. 

The actual oscillator and rectifier-amplifier may 
take a widely assorted combination of forms, of 
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Fig. 4-45. The superheterodyne receiver. 


which the representative forms in Figure 4-45 differ 
principally in that the lower one utilizes Dow 
electron-coupling; between the triode oscillator sec¬ 
tion and the tetrode aniplirier-rectifier section. 

4-29d. Pre-selection—The jierformance of a 
superheterodyne may be improved by placing 1 or 2 
stages of tuned r-f amplification ahead of the trans¬ 
lator. This is not for lack of gain in the i-f ampli¬ 
fier, which may be made extremely high. Rather it 
is because of two effects not as yet mentioned. One 
of these is that a translator tends to contribute a 
considerable amount of a distressing type of noise 
sometimes described as “superheterodyne shush” 
unless the signal is moderately strong to begin with. 


(This is not the entire story of “shush” by any 
means as it is strongly dependent on the design of 
the translator and the use of a proper oscillator 
voltage.) The other effect is that a translator pre¬ 
ceded by merely a single tuned circuit is unable to 
reject strong signals near the wanted signal, and 
while these will subsequently be rejected by the high 
selectivity of the i-f system, there will remain per¬ 
manent injury in the form of cross modulation, 
which is modulation superimposed onto the i.f. from 
the undesired signal. Thus improved front end 
selectivity is indicated, and while this can be pro¬ 
vided by merely adding more front-end tuned cir¬ 
cuits, such a procedure wastes some of the wanted 
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sig:nal and hence damag^es the signal/noise ratio, 
which eflfect may be avoided by using not merely 
an additional tuned circuit but also an amplifier 
tube—^which is to say, a stage of tuned r-f amplifi¬ 
cation. Thus the superheterodyne in its better 
forms has at least 3 tuning condenser sections. 

Two other types of interference can also be re¬ 
duced by the increase of front-end selectivity which 
a preselector affords. The first is interference from 
a transmitter operating near the intermediate fre¬ 
quency of the receiver. This type of interference is 
heard at almost the same intensity all over the dial, 
though it may be suppressed when a strong station 
is tuned in. The experience of two manufacturers 
of entertainment receivers is that this difficulty 
rarely arises more than 100 miles from the inter¬ 
fering station and that a single station can be elimi¬ 
nated satisfactorily by a simple wavetrap. 

The tuned preselector is of considerable effective¬ 
ness in eliminating another variety of interference 
which is due to the inherent tendency of a super¬ 
heterodyne to respond to two widely separated fre- 
(|uencies, the unwanted or “image” frequency being 
separated from the “wanted signal” by the amount 
2 X intermediate frequency. Thus if the inter¬ 
mediate frequency is 500 kc and the oscillator is .set 
at 2500 kc it is clear that we intend to receive a 
signal at 2000 kc (2500-2000 = 500) but if it 
chances that there is a fairly strong station at 3000 


kc it will also be heard unless there is enough selec¬ 
tivity ahead of the translator input grid to prevent 
the 3000-kc signal from reaching that grid. (Note 
that 3000 - 2500 = 500; also that 3000 - 2000 = 2 
i.f.) At medium waves any fairly good preselector 
practically eliminates this effect, but at short waves 
excellent design is necessary unless the i.f. is higher 
than 500 kc. The image response is generally 
weaker than the response when the receiver is tuned 
to the operating frequency of the station. 

4-29c. Automatic Frequency Control (AFC)— 
In the superheterodyne receiver it becomes practical 
to use a form of semiautomatic tuning which cor¬ 
rects manual inexactness in tuning, provided the de¬ 
vice is well maintained and, further, provided the 
wanted signal is fairly well above interfering sig¬ 
nals on adjacent frequencies or has manually been 
tuned in well enough to create a similar effect upon 
the receiver. These devices appear in various 
forms in transoceanic communication receivers, and 
in more commonplace receivers also, but all depend 
upon altering tbe fref|iiency of the translation oscil¬ 
lator slightly by changing its load or one of its 
electrode voltages in such a manner as to cause the 
o.scillator to shift in the direction required to .shift 
tbe signal into the i-f channel. One of the numer¬ 
ous ways of deriving the re(iuired control from the 
received signal is shown in Figure 4-46. Here a 
discriminator circuit, tuned to the intermediate fre- 
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quency, is fed by both niaj^netic and capacitive 
coupling. If a signal is tuned correctly the two 
ends of the circuit are cqurilly affected and the asso¬ 
ciated rectifiers give forth equal and opposite d-c 
voltages, which oppose each other and nullify. If 
the signal is mistuned one end of the circuit picks 
off more of it and the output of the associated diode 
predominates. Thus the amount and direction of 
the d-c output voltage from the diodes are related to 
the direction and amount of mistiming and ilie signal 
strength. 1'he last factor confuses the system, 
hence must be minimized by a preceding limiter 
tube, that is, a tube unable to respond to more than 
a fixed amount. In any case the d-c voltage from 
the diodes is now fed to the grid of a control tube, 
in addition to (or in opposition to) the fixed bias of 
that tube. The control tube is enabled to govern 
the oscillator frequency by virtue of, the fact that 
the plate of the control tube is connected to the 
tuned circuit of the oscillator. The exact manner 
in which the control becomes effective depends on 
the designer and his choice of either a single control 
tube or a pair placed hack to back, but in general 
the control tube plate circuit acts either as a varying 
load or as a source of a varying r-f voltage origi¬ 
nally derived from the oscillator but changed in 
phase and amplitude by the control tube before 
l)eing returnecl to the oscillator. Either action 
changes the oscillator frc(]uency, but it is an exact¬ 
ing design task to obtain changes of the proper 
magnitude. 

4-29f. Receiver Selectivity—The selectivity of 
a receiver, that is, its ability to reject unwanted 
signals, depends on both the number and the effec¬ 
tiveness of the tuned circuits (see Figure 4-47). 
In the tuned r-f receiver this number is equivalent 
to the number of tuning-condenser sections while the 
effectiveness of the circuits (rcactance/resistance) 
is limited by the fact that the L/C ratio changes 
with tuning. In such systems, if more than one r-f 
stage is used, it is accordingly worthwhile to use a 
number of tuning ranges (sets of coils) and a small 
tuning capacitance, and to look carefully to .sources 
of stray capacitance and losses—that is, solid dielec¬ 
trics not essential to the structure. Where high 
performance is wanted, this leads to the elimination 
of coil-switching schemes in favor of plug-in coils 
or a movable coil tray sliding under fixed contacts, 
rather than fixed coils with a gang switch. 

In the superheterodyne receiver the selectivity 
problem is far easier for two distinct reasons. 
First, the receiver may easily employ many tuned 
circuits, most of which have no moving parts (being 
in the i-f system) and may thus be designed for high 
selectivity. Second, there is a sort of unearned 
selectivity increase due to the fact that the inter¬ 
mediate frequency is lower than the signal fre¬ 
quency, hence a given mistuning represents a larger 
percentage and is more energetically refused. Thus 
if the signal is at 2000 kc (150 meters) and is inter¬ 


fered with by a station on 2010 kc, a TRF receiver 
will find difficulty in separating the stations as this 
is but % of 1 percent difference. However, if the 
signals are both translated to 500 kc, this same 
difference is 2 percent. It is easily possible to make 
a superheterodyne too selective to pass tlie higher 
frequencies of music. Therefore many receivers 
are provided with a control of i-f selectivity to per¬ 
mit wide-band reception on those occasions when 
interference does not prevent it. "J'hcse circuits 



Fig. 4-47. Typical receiver selectivity, 

Ai—T.R.F.—two tuned circuits. 

Aa—Same with regeneration—note asymmetry. 

B —I.F. amplifier transformer—iron cj)re. 

C —Entire I.F. system—6 tuned circuits. 

D —Same plus quartz crystal filter. 

may operate by changing the coupling in the i-f 
transformers, by variable resistors, or by auxiliary 
circuits—in some cases even by discarding the super¬ 
heterodyne system and feeding from the r-f pre¬ 
amplifier directly into the so-called second detector. 

4-29g. Crystal Filters in Superheterodynes— 
Inasmuch as a quartz crystal plate is suitable for 
oscillator control simply because it is the equivalent 
of a very sharply tuned circuit, it may also be used 
as a tuned circuit—in fact the original use of such 
plates (due to Dr. W. G. Cady) was just that, the 
oscillator-control by quartz plates being a later in¬ 
vention by Dr. G. W. Pierce. 

Where extreme selectivity in a superheterodyne is 
desired, it may be attained by using a quartz plate 
as one tuned element in the i-f amplifier, the plate 
having the proper thickness to resonate,at the inter¬ 
mediate frequency. It is necessary to place the 
quartz between two metal plates in order to make it 
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operative, and as this comprises a condenser (which 
is not selective) the system is vitiated unless the 
capacitance effect can be balanced out. Balancing 
may be accomplished by extending the circuit to 
form a small balanced Wheatstone bridge as in 
Figure 4-48. This is the Robinson ‘^stenode” re¬ 
ceiver, which can be designed and adjusted to pass 
very little beyond a band 50 cycles wide—a selec¬ 
tivity too large for voice or music reception, but at 
times advantageous for telegraphic reception through 
noise—though at the expense of some signal distor¬ 
tion occasioned by the inertia of the crystal. Robin¬ 
son used such a system for music reception by em¬ 
ploying an audio correction amplifier designed to 
give abnormal high-frequency response. He also 
observed that by slightly unbalancing the crystal 
network it was possible to eliminate one sideband 
of a modulated signal, the mathematical explanation 
of which has been provided by R. R. Batcher. 
Similar asymmetrical adjustments of the crystal 
bridge (see Figures 4-48 and 4-51) are at times 
used to reduce an unwanted telegraphic signal near 
a wanted one, this effect having suggested the name 
“single signal receiver.” Under conditions of ex¬ 
treme interference voice signals are occasionally 
intelligible with the stenode when not intelligible 


otherwise, and so-called communication receivers 
may be used with the crystal switched in on voice 
signals, the lack of an audio correction system being 
offset by the fact that such receivers usually have 
midget loud-speakers which respond more strongly 
at higher audio frequencies—one case where such a 
speaker may be of advantage. 

4-29h. Useful Receiver Sensitivity —While it is 
not within the scope of this chapter, one may digress 
sufficiently to point out that receiver sensitivity is 
useful only insofar as it is attained without the 
inclusion of noise, whether received from the an¬ 
tenna, from the power supply, or generated in the 
tubes of the receiver. The prime source of tube 
noise is lack of amplification in the early stages of 
the receiver—^that is, before tube and other noises 
have an opportunity to contaminate the signal. 
Thus the advantage of a tuned r-f stage ahead of all 
other tubes assumes added importance. Keeping 
the signal above the noise is of paramount impor¬ 
tance in all .successful amplification whether in re¬ 
ceivers, transmitters, public address systems, or at 
the low levels of a high-quality microphone. 

4-29i. Receivers for Unmodulated Signals— 
Radiotelegraphic signals are usually unmodulated, 
hence do not produce any audible sound when passed 
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Fig. 4—^9. Sensitivity of typical receivers in the 600-1 ()00 kc. lunin)^ ran^e. 
Performance at liiKher frequencies is always poorer; curves Do and Fa correqwnd to 
Di and P'j but are for the ran^e of 6000 and 14,000 kc.—i.e. ten times the frtciuency. 


throuftfh the receiver .systems thus far described. 
However, the unmodulated carrier does, of course, 
amount to a stream of cnerj^y arrivinj;^ at the de¬ 
tector whenever the transmitting key is closed. If 
the receiver is equipped with an adjustable r-f oscil¬ 
lator tuned to, for instance, lOOO cycles above the 
frequency at which the signal reaches the detector, 
there will result an action the same as that described 
for the superheterodyne translator, and from the de¬ 


tector there will emerge a 1000-cycle tone sustained 
as long as the sending station key is held closed. 
When the incoming signal ceases, the local oscillator 
continue.s—^Init it also represents no sound when 
working alone. Such an arrangement is known as 
a beatnote oscillator or heterodyne. The translation 
here is from radio freciuency to audio frequency in¬ 
stead of a high radio frequency to a low radio fre¬ 
quency, but this is merely a difference in the size of 
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Fig. 4—so. Hetcreodync method of beatnote reception. 
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the juin[)—not in its nature. Since the output in 
this case is audible, the effect of oscillator changes 
can he heard. 

The heterodyne oscillator of a TRF receiver must 
he tunable as it must be kept the proper distance 
from the desired signal, as must the oscillator of a 
detector-audio system which lacks an r-f amplifier. 
I'or this reason it is convenient to make the detector 
itself oscillate and then provide either its tuned cir¬ 
cuit or that of the r-f system with a small trim¬ 
ming condenser to effect the desired 1000 cycles 
staggering or difference in tuning. Frecjuently this 
is omitted, as the 'I'KF system is usually broad 
enough so that it may be mis tuned by that amount 
(thus tuning the oscillating detector to give the de¬ 
sired beatnote) without material loss of signal 
strength. 

The oscillating detector is also called an autodyne 
detector and is provided with a control of the inten¬ 
sity of oscillation in order to obtain best .sensitivity. 

In the case of a superheterodyne receiver the 
beatnote oscillator is, of course, additional to the 
translation oscillator, but does not need to be tunable 
since it works against the fixed intermediate fre¬ 
quency and requires adjustment only to compensate 
for heating and aging drifts or to suit the fancy of 
the user as to beatnote pitch. It is accordingly oper¬ 
ated at a frequency near the i.f. and a limited range 
control is provided. 

4-29j. Tone Selectivity in Telegraphic Receiv¬ 
ers —If interference is moderate, successful tele¬ 
graphic radio reception may be accomplished with 
autodyne receivers having two or even one tuned 
circuit by taking advantage of the tone selectivity 
or pseudo-selectivity (Figure 4-51). Detuning 
changes the beatnote and drives it out of audibility 
at a rate far in excess of the 1 or 2 tuned circuits’ 
ability to reject an off-tune signal. For instance, we 
may say that a beatnote has become essentially in¬ 
audible at 15,000 cycles, which is but Vio of 1 per¬ 


cent of the 15,000 kc represented by a 20-meter 
signal—a difference against which a single tuned 
circuit working on legitimate selectivity is ineffec¬ 
tive. To obtain the same selectivity by pure tuning 
would require a good superheterodyne with perhaps 
nine tuned circuits. This receiver would, to be sure, 
have a sensitivity above that of the autodyne re¬ 
ceiver, and would also be much more selective 
against strong signals, for tone selectivity is not 
effective against detector overload, nor against 
modulated signals, whereas tuned-circuit selectivity 
also wards these off. 

In the simple receiver just discussed, the signal 
would be heard at two adjustments (Ai and Fig¬ 
ure 4-51) with equal intensity. In a good super¬ 
heterodyne, especially one with a crystal filter, this 
would not take place since only one of two peaks can 
take place when the signal is tuned exactly into the 
highly selective i-f system. The effect may be fur¬ 
ther exaggerated by unbalancing the crystal, giving 
curve An i? 2 . 

The use of crystal-filter i-f systems is fairly com¬ 
mon in radiotelegraphy and has already been 
discussed. 

4-29k. Other Features of Telegraph Receivers 

—Telegraph receivers are seldom required to pro¬ 
duce high audio outputs, hence may have a rela¬ 
tively small audio system without power audio tubes. 
Their automatic volume control systems also differ 
from those of receivers intended for modulated sig¬ 
nals, because telegraphy consists of cutting off the 
carrier entirely, which would cause an ordinary 
A VC system to go to maximum sensitivity and thus 
inject bursts of noise between the dots and dashes, 
also to start each dash very loudly and then fade the 
latter part. To avoid these effects the A VC system 
may be made slower in action by using larger ca¬ 
pacitances. QAVC, described in .section ^14, is 
helpful. 

The telegraph receiver is ordinarily benefited by 
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a deficient audio revSponse at low and higfh frequen¬ 
cies, thus suppressing noise and interfering signals 
while favoring tones in the region of 1000 cycles. 
Where receivers are used for both telegraphy and 
voice, a peaked audio filter is occasionally provided, 
with a switch for disconnecting it when receiving 
voice or music. 

In commercial services it is essential that the signal 
always be found near the same point on the tuning 
scale and great care is taken to design the tuned 
circuits (especially the translation oscillator circuit) 


for permanence by the use of non-aging materials, 
mechanical construction far sturdier than that em¬ 
ployed in broadcast receivers, and by so proportion¬ 
ing and placing the components to minimize fre¬ 
quency shifts of the healing-drift type, whether due 
to the heat of the tubes or external sources. No 
detail need be given on these points, for only the 
manufacturer has control of the matter and it does 
not fall within the scope of normal receiver adjust¬ 
ments and alterations such as the reader of this 
manual may be expected to make. 



CHAPTER 5 

AMPLIFIERS AND OSCILLATORS 


Vacuum tube amplifiers, owing to their many ap¬ 
plications, are commonly classified in a number of 
different ways. One method of classification iden¬ 
tifies amplifiers according to the circuit employed 
(such as cathode follower, resistance-coupled, etc.). 
Another method classifies amplifiers according to 
their application (such as modulator, voltage ampli¬ 
fier, etc.). Still another method classifies amplifiers 
according to the frc(]uency range or operating fre¬ 
quency of the amplifier (such as frequency tripler, 
intermediate-frc(|uciicy amplifier, etc.). Finally, 
amplifiers arc often classified according to the por¬ 
tion of the cycle of the signal voltage during which 
plate current flows. Three general classifications, 
identified by the al])habetical designations A, B, and 
C, are in wide u.sage. An intermediate classifica¬ 
tion, AB, is al.so very frequently encountered. 

In this chapter, amplifiers are to be discussed 
according to the last-mentioned method of classifica¬ 
tion, that is, according to the portion of the cycle 
during which plate current flows. 

5-1. Fundamentals —In any vacuum tube am¬ 
plifier—whether triodes, tetrodes, or pentodes are 
used—the control-grid input voltage (commonly 
called the signal voltage or excitation) is applied 
between the control grid and the cathode. It is al- 



Fig. 5-1. Essentia! elements of an amplifier. 


most always an a-c voltage atid usually acts in series 
with a d-c voltage called the grid bias.^ Variations 
in the instantaneous total grid voltage are produced 
by the signal voltage, and these changes cause cor¬ 
responding changes in the plate current. These 
fluctuations of plate current develop a-c power in 
the load or output circuit. The general arrange¬ 
ment of the essential elements is shown in Figure 
5-1. 

Since the signal-voltage and the plate-circuit fluc¬ 
tuations are alternating voltages and currents, and 
the bias and plate voltages are direct, it is usual to 

1 The d-c bias and a-c signal are connected in series, 
adding at some moments, subtracting at others. 


employ blocking condensers and choke coils in order 
to separate the direct and the alternating compo¬ 
nents. Figure 5-2 shows one of the many circuits 
in which blocking condensers and choke coils sepa¬ 
rate the input and output a-c circuits from the bias 
and plate-supply d-c circuits. It is essential that 
the choke coils possess high impedance at the fre¬ 
quencies to be amplified. For r-f amplifiers, induc¬ 
tances of from 1 to 100 millihenrys are needed, and 
air-core coils are commonly employed. For inter¬ 
mediate radio frequencies somewhat higher values 
may be desired, and coils of special iron-dust core 
construction are commonly used, although air cores 
may be employed. For audio frecjiiencies, iron 
cores (or cores of high-permeability alloy steel such 
as permalloy) are essential to obtain the necessary 
inductance without requiring excessively large coils. 
Values of from 1 to 500 henrys are common. The 
design of such coils is very important because low 
inductance will result in i)oor amplification at low 
frequencies, while high hysteresis losses or exces¬ 
sive di.stributed capacitance will reduce amplification 
at the higher frequencies. 

The capacitance of blocking or by-pass condensers 
must be large enough to keep the reactance low = at 
the lowest frequency to be amplified. At the same 
time it is frequently (but not invariably) necessary 
that the capacitance from either side of the con- 
den.ser to ground be kept low, or a loss of amplifi¬ 
cation may be experienced. Radio-freciuency ampli¬ 
fiers use values ranging from 0.00001 to 0.002 ^f, 
depending on the frequency and the value of other 
circuit elements. Audio amplifiers use larger val¬ 
ues, 0.01 jjii up to as much as 50 juf. 

5-la. Triodes, Tetrodes, and Pentodes —Fig¬ 
ures 5-1 and 5-2 have been drawn to show a triode 
tube. Tetrodes and pentodes operate in the same 
manner. The fixed voltages on the screen grid and, 
in a pentode, the suppressor grid are applied for the 
.sole purpose of obtaining the desired relations be¬ 
tween grid voltage and plate current. All discus¬ 
sions, equations, and diagrams to follow apply 
equally to triodes, tetrodes, and pentodes, except 
where specifically mentioned. Figure 5-3 shows a 
pentode amplifier. Note that the most active ele¬ 
ments (grid, cathode, and plate) are connected ex¬ 
actly the same as in a triode amplifier. Both screen 
and suppressor grids are given d-c voltages, but 

2 This means low as compared to the other circuit ele¬ 
ments. Thu.s in an audio amplifier a plate-to-grid coupling 
condenser is of “low” impedance as compared to a 100.000- 
ohm plate resistor and a 500.000-ohm grid leak if it be of 
0.1-/if capacity but the same amplifier may require a 25-Mf 
condenser to by-pass a 200-ohm cathode resistor. 
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BLOCKING 



Fit;. 5-2. Amplifier circuit with blocking comlcnsers ami choke coils 
to isolate the d-c and a-c circuits. 


since these elements are to be kept free of a.c. they 
are bypassed to j>:round thrtmj^h condensers. The 
screen current (and to a lesser extent the suppressor 
current^ is affected by the input sij^nal. Without 
the by-pass condenser, this would produce an a-c 
screen voltaj^e since the screen supply lead contains 
a resistance used to lower the d-c voltaf^e to a value 
suitable for the screen. In radio-fre(iuency applica¬ 
tions, the inductance of the >creen supply lead may 
he j^reat enou|^h to cause an a-c voltage drop, and 
for this reason it is advisable to place the by-pass 
condenser as dose to the tube socket as possible. 

Much simpler than the parallel feed circuits of 
Fissures 5-2 and 5-3 are the ecjually common series 
feed circuits in which the plate choke is not re¬ 
quired and is replaced by the load. Kven parallel 
feed circuits fretjueiitly dispense with chokes, using 
resistors instead. Nor need the load be a resistor; 
it may be any power-consuming device or a trans¬ 
former feeding such a device. 

5-lb. Amplifier Classes —Amplifiers may be 
operated with various combinations of grid bias, 
input voltage, and plate voltage, each combination 
being especially suited for some particular purpose. 

The alfihabetical designations A, AH, H, and C 
have been applied to the four most important classi¬ 
fications. In addition, a sufiix (1 or 2) is often 

3 The use of and a suppressor blocking condenser is 
not a.s common as the simpler practice of connecting the 
suppressor grid directly to the cathode, whose d-c (and a-c, 
if any) voltage it then assumes. 


added to the letter or letters to describe further the 
conditions of o])ei*ation. The suffix 1 indicates that 
grid current does not flow at any time during the 
cycle of signal voltage, whereas the suffix 2 indi- 
‘'ates that grid current does flow at some portion of 
the cycle. 

In a Class A amplifier the grid bias voltage and 
the a-c signal voltage are of such values that plate 
current flows at all times. If a push-jmll arrange¬ 
ment is used, plate current flows in both tubes at 
all times. 

In a Class B amplifier the grid bias voltage is of 
.such a value that, with no a-c signal voltage, the 
plate current is approximately at the point of cutoff. 
When an a-c signal voltage is applied, plate current 
flows for about one-half of each cycle of the a-c 
signal voltage. 1 f a push-pull arrangement is used, 
plate current flows in one tube during one-half of 
the cycle of signal voltage, and in the other tube 
during the other half of the cycle of signal voltage. 

A Cla.ss AB amplifier is one in which the condi¬ 
tions of operation lie between those of Class A and 
Class B. During the cycle of signal voltage, ])late 
current will flow during more than one-half of the 
cycle but less than the entire cycle. 

In a Class C amplifier the grid bias voltage is of 
such a value that the tube is biased considerably 
beyond the point of plate-current cutoff. When an 
a-c signal voltage is applied, plate current flows for 
considerably less than one-half of each cycle of 
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Fig. S-3. Pentode amplifier circuit. 
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signal voltage. W ith a push-pull arrangement, 
plate current in each tube flows for considerably 
less than one-half of each cycle of signal voltage. 

5-2. The Class A Amplifier —The Class A am¬ 
plifier claims first attention because it is the sim¬ 
plest, oldest and most commonly used. Class A 
operation of tubes is found in all but a very few 
stages of the audio systems of radiotelephone sta¬ 
tions, telephone systems, public address and motion 
picture sound systems, as well as in many less com¬ 
mon applications. Class A is used in all the r-f 
stages, i-f stages and most audio stages of millions 
of radio receivers. 

The plate-circuit efficiency of a Class A amplifier 
is 20 percent or less; hence the tube must be large 
if much power is to be handled without overheating. 
Fortunately most amplifier stages handle much less 
than one watt of power, so that they may operate 
in Class A, which has advantages possessed by no 
other class of operation. 

In Class A amplifiers the grid bias is of such a 
value that plate current flows at all times even when 




Fk;. S-4. The plate current of the Class A am])lifier 
contains both d-c and a-c components. 


there is no input signal. In Figure 5-4 is outlined 
the proper operation of a Class A tube. A conven¬ 
tional sine-wave signal is shown merely for illustra¬ 
tion. Though the plate current contains both d.c. 
and a.c., it (as shown) never reaches zero and 
(what is not shown so clearly) the average plate 
current is very nearly the same as before the signal 
was applied. Thus a d-c plate-supply meter remains 
stationary. If the a-c signal voltage is too high, 
the plate current no longer remains fixed nor is the 
reproduction faithful; the amplifier is overloaded. 
An extreme case (conventionalized) is shown in 
Figure 5-5. The plate current meter would have 
risen considerably before this. As long as proper 
Class A operation continues, the invariable d-c plate 
current permits us to use a plate supply of simple 
construction, with little attention to regulation. 

5-2a. Grid Current —In a pure Class A ampli¬ 
fier the signal voltage is lower than the negative grid 
bias voltage. As long as this is the case, the grid 
is at all times negative with respect to the cathode 


and therefore no d-c grid current will flow. Inas¬ 
much as there is no flow of grid current, the grid 
bias may be supplied through a high resistance, 




Ku;. 5-5. Severe oxerload in Cluhs A. When /„ (the 
a-c component) exceeds /*, (the d-c component) the plate 
current cannot reproduce the signal wave shape throughout 
tlie entire cycle. Distortion is introduced, and the amplifier 
is said to be overloaded. 

rather than a choke coil, as shown in Figure 5-6. 
This tends to make the amplification more uniform 
since the impedance of any choke varies with the 
frequency whereas the impedance of the resistor is 
sub.stantially constant. 

The effect of these limits is shown by Figure 5-7 
which shows the plate currtmt, output current, plate 
voltage, output voltage, and signal voltage for a 
Class A amplifier. Each quantity is shown pro- 
gre.ssivcly for no output (1-2), half output (2-3), 
full output (3-4) and finally overloaded (4-5). 
For clarity this figure shows a triangular input wave 
form, not commonly encountered in practice. 



Fig. 5-6. Grid bias applied through grid resistor rather 
than grid choke as in Figure 5—2. 


5-2b. Load Resistance —The load resistance 
presented to the tube determines the relation be¬ 
tween the a-c plate current and the a-c plate voltage. 
When the load resistance is low, the plate voltage 
variations will be small. The power output will 
also be small. On the other extreme, if the load 
resistance is very high, the plate current changes 
will be so small (i.e., the a-c plate current is .small) 
that the power output will be low, even if the plate 
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PLATE VOLTAGE WAVE 


- 0 + 
OUTPUT VOLTAGE WAVE 


Fig. 5-7 Class A operation showing the rtlatumship between signal Noltage, plate current, 
plate voltage, and load resistance at various output levels 


voltag’e changes are (juite large It is evident that 
some intermediate \alue of load resistance will 
allow model ate \arialions of both plate current and 
plate voltage and consciiuently will permit the nuaxi- 
mum power output. This value may be calculated 
by a process which is of little interest to the oper¬ 
ator. However, the result is interesting. Maxi¬ 
mum uiidistortcd output zvill (for triodcs only) be 
obtained zvhen the load resistance is equal to tzoicc 
the internal plate resistance of the tube. Note espe¬ 
cially that this rule applies only to triodes, also that 
It is not the rule for the greatest possible output. 
If low distortion is not important a greater output 
may be obtained by using a load equal to the tube's 
plate resistance, that is, one half the value stated 
aliove. Only in Class A audio amplifiers is the 
"‘twice plate resistance" rule of consequence. For 
maximum z'oltage output, another rule obtains (sec 
section 5-2g). 

5-2c. Triode Power Output Computations— 

The application of the rule discussed above provides 
a simple graphical solution for triodes operated as 
Class A audio amplifiers. The values are worked 
out directly on the tube's characteristic curves. 

Exampld: 

Compute the audio power output of a type 6F6 
pentode tube connected as a triode (i.e., grid No. 2 
tied to the plate). The characteristic curves arc 
given in Figure 5-8, and the maximum plate voltage 
is specified by the manufacturer as 250 volts. 


Even when the screen is tied to the plate, a pen¬ 
tode is not a true triode. There is still the sup¬ 
pressor grid welded to the cathode though lying be¬ 
tween screen and plate. However, it allows opera¬ 
tion sufficiently like that of a true triode to permit 
use of the same methods, as follows: 

MA. 



Fic. 5-8. The characteristics of the 6F6 tube operated 
as a triode. 
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1. Extend the zero grid voltage line until it inter¬ 
sects the applied plate voltage (250 volts). The 
plate current at the point of intersection is seen to 
be 96 ma. The operating plate current should be 
exactly one fourth of this current or 24 ma. 

2. The desired operating plate current of 24 ma 
may be obtained by using a negative bias of 22 
volts, as may be seen by examining the curves. The 
intersection of the grid bias voltage, the operating 
plate current, and the applied plate voltage is indi¬ 
cated as point on Figure 5-8. 

3. I'he upper end of the load line may now be 
picked off, by locating the point where the zero grid 
voltage line crosses a plate current of exactly twice 
the operating d-c plate current, in this case 48 ma. 
The plate voltage at this point, indicated as N on 
Figure 5-8 is seen to be 148 volts. 

4. The load line is now drawn in, a straight line 
starting at point N, passing through point O, and 
ending where the grid voltage reaches twice the 
bias voltage or — 44 volts. This end is indicated 
as M on Figure 5-8, and at this point the plate 
current is seen to be 6 ma, and the plate voltage is 
326.5 volts. 

5. 1'he a-c output current is found by averaging 
the upward and downward swings of the plate cur¬ 
rent, or: 

peak a.c. = A (/,, max — min) = 

i (48 - 6) = 21 ma 

where //, a.c. i. the a-c component of the plate cur¬ 
rent, that is, the output current. If, max is the cur¬ 
rent at N, If, tnin is the current at M, In dealing 
with alternating currents, it is common practice to 
specify the rms values rather than the peak values 
(rms stands for “root of the mean square,” which is 
a mathematical way of starting the cffcctwc value of 
a.c.— 7vlticli is the value indieated by any a-c meter). 
Dividing the peak output current by the square root 
of 2, we obtain the rms output current: 

h a.c. = 21/1.414 = 14.8 ma 

6. The peak output voltage is found in similar 
manner by averaging the upward and downward 
swings of the plate voltage: 

peak lib a.c. = \{^Ch max — Cb min) 

= J (326.5 - 148) = 89.2 volts 

('onverting this figure to the more common rms 
value: 


the same units. Note also that the current is ex¬ 
pressed in amperes instead of milliamperes. If 
milliamperes are used, the answer must be multi¬ 
plied by 1000. 

8. The power output may be found by multiplying 
the output current and output voltage: 


P.O. = E a.c. X / a.c. = 63 X 0.0148 = 0.93 watt 

Here, again, the current must be expressed in 
amperes. 

In solving for power output, steps 5, 6, and 8 
may be combined to form the familiar equation: 


P.O. = (cb max — Cb min)(It max — min)/8 
= (326.5 - 148) (0.048 - 0.006)/8 = 0.93 watt 


The current is, of course, expressed in amperes. 

5-2d. Distortion—In the example just cited, it 
will be noticed that the output current and voltage 
were not symmetrical. The upward swing of the 
plate current was from 24 to 48 ma, or 24 ma, while 
the downward swing was from 24 to 6, or only 18 
ma. Likewise, the upward swing of the plate volt¬ 
age was 250 to 326.5, or 76.5 volts, while the down¬ 
ward swing was 250 to 148, or 102 volts. These 
discrepancies are caused by the nonlinearity of the 
tubers characteristics. 

If the resultant unsymmctrical output wave is 
analyzed, it will be found to contain harmonic com¬ 
ponents not present in the input voltage wave. The 
arithmetical .sum of these harmonics, expressed as 
a percentage of the fundamental frec[uency, is the 
usual measure of the amount of distortion intro¬ 
duced. In a single tube ('lass A amplifier, such as 
the one just discussed, the distortion consists of a 
reduction, or flattening out, of every other half¬ 
cycle, i.e., the positive plate current swdngs are nor¬ 
mal, but the negative plate current swings are all 
reduced. This type of distortion consists princi¬ 
pally (not entirely) of e7TU harmonics, of which 
the second harmonic (tzvice the input frequency) 
is the most important. The amount of this type 
of distortion may be estimated from the values al¬ 
ready computed, thus: 


/o 


distortion = 100 


(2/h — Ib max — Ib m in) 
2(/fe max — Ib min) 


which for our example becomes: 


100 


(2 X 24) - 48 - 6 
2(48 - 6) 


100— = 7.15% 


Eb a.c. = 89.2/1.414 = 63 volts 

7. The optimum values of output current and out¬ 
put voltage will be obtained only if the load resist¬ 
ance Rp is correct; that is: 

Rp = Eb a.c.//i, a.c. = 63/0.0148 = 4250 ohms 

In applying this equation, either peak or rms values 
may be used, but both figures must be expressed in 


The minus sign has no significance. 

The most important feature regarding this distor¬ 
tion is that it can be reduced materially by a small 
reduction in the signal voltage, that is, by operating 
somewhat below the maximum capacity. Con¬ 
versely any further increase in signal voltage will 
be attended by a rapid increase in distortion. The 
performance of a typical Class A amplifier is shown 
in Figure 5-9. Note that the operating level, se- 
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lected for extremely low distortion, is considerably 
below the rated output which would be computed in 
the manner just described. 

As it is obviously undesirable to operate hiph- 
power amplifiers far below their full output capabili¬ 
ties, good engineering practice is to accept about 2.5 
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L'to. 5-9. Distortion characteristics of a Class A amplifier. 

])crccnt (li.stortion in the final arnjilifier. (The term 
“final amplifier'* means the modulator in the case of 
a transmitter, or the stage that supplies the loud¬ 
speakers, in the case of a receiver or public address 
system.) 

All lcnv-l(nwl amplifiers should, however, be oper¬ 
ated considerably belozv their full capacity in order 
to keep the overall distortion lozv. It is apparent 
that a series of, let us say, 8 stages, each operating 
so near its maximum capacity as to generate 2.5 
percent harmonic distortion, would result in a com¬ 
bined distortion of an intolerable amount. Figure 
5-9 shows the general relation between the com¬ 


puted output, the rated output as a modulator, and 
the recommended output as a preliminary amplifier. 

5-2e. Push-Pull Class A Audio Amplifiers— 
The example just shown indicates that the perform¬ 
ance of a single tube Class A amplifier is limited 
to a certain extent by the generation of even har¬ 
monics. These may be removed from the output by 
using two tubes in a push-pull circtiit, one form of 
which is shown in Figure 5-10. The even har¬ 
monics of the individual tubes are in phase, whereas 
the fundamental output currents are 180® out of 
phase. By connecting to the load through a prop¬ 
erly designed output transformer, the even har¬ 
monics will not be transferred. The principal dis¬ 
tortion remaining is then the third harmonic (three 
times the input frequency). Unfortunately, tests 
have shown that a gi\en i)ercentage of third har¬ 
monic distortion is more objectionable to a listener 
than an equal percentage of second harmonic distor¬ 
tion. For this reason, a push-pull amplifier wdll not 
deliver appreciably more power than twice the single 
tube rating. 

Push-pull Class A audio circuits do possess three 
very important advantages: 

1. The d-c plate currents of the two tubes flow 
through the output transformer windings in oppo¬ 
site directions, thereby producing no steady magneti¬ 
zation of the transformer core, d'his is important, 
since the core need only be large enough to handle 
the magnetic flux caused by the a-c output current. 
This makes the unit more compact, less expensive 
and more efficient. 

2. There is no tendency for the output current to 
flow through the power supply unless the tubes are 
unmatched. This greatly simplifies the by-passing 
and isolating necessary for stable operation. (A 
.small degree of by-passing is usually provided to 
allow for lack of perfect balance between the two 
tubes.) 

3. When the filaments are operated from a.c., the 
resulting hum is reduced by the push-pull action. 

The student is cautioned not to confu.se push-pull 
Class A amplifiers with Classes AB and B. Al- 




Fic. 5-10. Push-pull Class A amplifier. 
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though the circuits are essentially the same, the 
voltages and method of operation are different. In 
practice, it is easy to distinguish between them be¬ 
cause Class A draws steady plate current at all 
times, whereas Classes AB and B plate current will 
swing with the signal. 

5-2f. Class A Voltage Amplifiers —When an 
audio amplifier stage drives a loud-speaker, modu¬ 
lates an r-f stage, or feeds into* a telephone line, 
the power output is an important consideration. 
However, if the amplifier load i.s of extremely high 
impedance, notably if the load is a succeeding Class 
A stage, then the tube’s output power is small and 
the output voltage alone is of interest. We call 
such a stage a voltage amplifier. Most receiving 
tubes work as Class A voltage amplifiers; the r-f 
and i-f stJiges of receivers as well as the audio stages 
of most receivers are required to do no more than 
swing the grid of a following Class A stage. 

5-2g. Factors Governing Voltage Amplifica¬ 
tion —The voltage amplification of a single tube 
(triode, tetrode, pentode or other type) is always 
something less than its mu (amplification factor). 
Thus if a 6CS triode tube with an amplification 
factor of 20 is used, we shall never actually obtain 
a voltage gain of 20 times. A near approach is 
possible only if the fre(|uency is not too high and 
the load resistance is high as compared to the in¬ 
ternal plate resistance of the tube. 1'his is not as 
easy as it sounds. The plate resistance of the 
general-purpose triodes such as the 6CS are all in 
the order of 10,000 ohms, hence it seems that we 
need merely to obey the rule of section 5-2b, supply¬ 
ing a load of 2 X 10,000 or 20,000 ohms. This 
would in fact permit the greatest undistorted pozver 
output, which is perhaps a fraction of one watt for 
these small lubes, but the voltage amplification is 
not 20 by any means. It is: 

Voltage gain amplification constant 

_load ohms \ 

plate ohms -f- load ohms/ 

which for the 6C5 tube is 

20,000 

10,000 + 20,000 

In operation, this would mean that 4.8 volts of a.c. 
applied to the grid would produce about 70 volts 
output for driving the grid of the next stage. 
(Were it possible to make good the full mu of 20 
we would need only 70/20 or 3.5 a-c input volts.) 
For a 3-stage amplifier this means that we need: 

70/14.6/14.6/14.6 = .022 input volt 

It is now clear that for high voltage gain Class 
A amplification it is well worthwhile to use tubes 
with a high mu, provided it is possible to use loads 
of extremely high impedance. A high mu tube has 
higher plate impedance than the general purpose 





triode tubes just discussed, hence the high gain will 
not be realized unless the loads are rather extreme. 
As an alternative to high-mu tubes one may use the 
general-purpose tube already discussed and place 
between them devices which are capable of provid¬ 
ing a voltage step-up. Such devices are invariably 
transformers with more turns of wire on the sec¬ 
ondary than on the primary. High-fidelity trans¬ 
formers are invariably relatively expensive and have 
perhaps a 2/1 step-up. However, this step-up must 
not be underestimated for, if our 6C5 amplifier used 
only two such transformers, between the tubes, the 
required input would be dropped: 

2x2 = 4 times 

and the necessary input voltage would then become: 

70/14.6/14.6/14.6/2/2 = .0055 volt = 5.5 millivolts 

Combinations of general-purpose triodes and inter¬ 
stage transformers have been used extensively. 
The main objection to them in audio work is the 
cost and (for portable work) the weight of the 
transformers, and the tendency of the transformer 
to pick up hum from nearby power equipment. 
The cost objection will probably remain but recent 
transformer designs have greatly retluced the other 
two difficulties. It must be understood that the 
reference here has been to audio-frequency inter¬ 
stage step-up transformers. The kind of trans¬ 
formers intended to couple an amplifier output to a 
telephone line or with control eciuipment is not 
intended to provide a step-up, but rather to adjust 
impedances or to permit the use of a balanced-to- 
ground line with equipment which has one side 
grounded. 

5“2h. Voltage Amplification with High-mu 
Tubes —When the voltage gain is to be increased 
by the use of high-mu tubes, it is first neces.sary to 
consider the available tubes. Hiese consist of tri¬ 
odes with a mu around 75-100, tetrodes with a mu 
in the region of 500, and pentodes with a mu in the 
region of 1000 or more. All these types could be 
made with still higher mu, but it has already been 
pointed out that the full mu of a tube cannot be 
realized unless the load impedance is large com¬ 
pared with the plate-resistance of the tube. Thus 
it is quite profitless to double, the mu unless one 
can also increase the load impedance, 'friodes, 
tetrodes, and pentodes all arc limited by this 
consideration. 

In the case of the triode of receiving size, a mu 
of 100 produces a plate resistance in the neighbor¬ 
hood of 100,000, thus resulting in an actual gain of: 

inn 20,000 

^100,000 + 20,OOOy 

if the same 20,000 ohm load impedance is used as 
in the case of the general-purpose triodes of section 
5-2g. This is not an impressive improvement over 
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the gain of 14.6 obtained with the general-purpose 
tube having a mu of only 20. The difficulty is obvi¬ 
ously that the output transformer has not a suffi¬ 
cient primary impedance to work effectively out of 
the high-mu tube. It is possible to make a trans¬ 
former with more than 20,000 ohms primary im¬ 
pedance, even at low audio frequencies, but it is diffi¬ 
cult to maintain good high frequency response at 
the same time; hence it is common practice to allow 
high-mu audio triodes to work into a resistance load 
instead of a transformer, for high resistances are 
inexpensive and do not favor any particular audio 
frequency. The circuit then resembles Figure S-2 
except that the plate choke is replaced by a resistor 
which is the real load, while the “load” of Figure 
5-2 is now a gridleak of % to 2 megohms, the upper 
end of which connects to the grid of the following 
tube. The output voltage available across the load 
resistor now dei)ends on the same rule which has 
already been used, but not all of that output voltage 
reaches the next grid, for the resistance-condenser 
combination (unlike a transformer) is a voltage 
divider and the available voltage is divided between 
(a) the blocking condenser and (h) the gridleak 
and tube following. It is therefore customary to 
make the blocking condenser large (0.1 ^f or more 
for low audio frequencies), and to make the gridleak 
as large as possible without grid-blocking, say 
1,000,000 ohms or more. This can be carried too 
far; a common difficulty with resistance-coupled 
amplifiers is severe distortion caused by reduction 
(or polarity reversal) of the grid bias due to leak¬ 
age of plate voltage through the blocking condenser, 
whose leakage often becomes larger as the condenser 
is made larger. However, a reasonable and prac¬ 
tical “made good” gain of 50 is possible for such a 
tube, with a plate-load resistor of 100,000 ohms and 
a plate-supply voltage of 250. 

Intermediate between transformer coupling and 
resistance capacitance coupling is the type using a 
plate choke coil as shown in Figure 5-2, and com¬ 
monly called impedance coupling. If the gridleak is 
also replaced by a choke, the combination is double 
impedance coupled. The performance is fairly ob¬ 
vious from what has been .said. For audio work 
the chokes, of course, require iron cores to attain 
sufficient inductance at low frequencies, while at 
radio frequencies at least one of them is commonly 
condenser-tuned. The selectivity in this case is 
generally less than for an r-f transformer because 
of the closer coupling. 

In Class A r-f amplifiers the triode is undesirable 
because of its tendency to oscillate whenever the 
frequency is high enough to permit appreciable 
energy to return to the grid through the tube’s 
plate-to-grid capacitance. In fact the tube goes into 
oscillation long before the load has been made large 
enough to secure gains such as have just been dis¬ 
cussed, and reasonable r-f voltage gain can be ob¬ 
tained from triodes only if they are neutralized. 


This is avoided by using the tetrode or pentode. 
The tetrode is not usually made with a mu exceeding 
500, for its plate resistance then becomes so high 
that a proper load cannot be provided. The pen¬ 
tode’s plate resistance is lower for the same value of 
mu, hence a higher mu is possible without running 
away from the load, and in practice r-f voltage gains 
about twice as great as for the tetrode are obtained. 

5-2i. Audio-frequency Class A Output Circuits 
—Certain devices, including some headphones and 
magnetic speakers, are designed to present an ac¬ 
ceptable impedance to Class A audio amplifiers. 
These devices may be connected directly in the plate 
circuit of a tube. In Figure 5-1 la the headphones 



Fig. 5-1 la. Simple connection of Class A amplifier, 
to headphones. 

are connected between the plate sujiply and the plate 
of the tube. I'liis simple connection has three ob¬ 
jectionable features: (1) the plate current of the 
tube flows through the headphones and may, if the 
polarity is incorrect, reduce the permanent mag¬ 
netism; (2) a .shock may be received if the output 
device is not well insulated as all parts of the circuit 
are above ground potential; and (3) the d-c current 
flowing through the output device may burn out the 
windings. For these reasons, this connection is 
advi.sable only when the plate voltage is 90 volts 
or less, and the plate current not over 10 ma. 



Fig. 5-1 lb. ShowiriK how parallel feed may be used to 
prevent shock hazard present in circuit of Figure 5-1 la. 

In Figure 5-1 lb the d.c. flows through the plate 
choke. This presents a high impedance to the audit* 
output currents. The output current therefore 
flows through the condenser Co into tjie speaker or 
phones. With this connection, one terminal of the 
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speaker may be grounded, thereby eliminating the 
shock hazard. This circuit should be used in pref¬ 
erence to the one shown in Figure 5-11 whenever 
possible. 

The simple circuits of Figures 5-11 and 5-12 are 
not applicable to push-pull amplifiers. A trans¬ 
former is necessary to connect the two tubes prop¬ 
erly as shown in Figure 5-12. If the resistance of 
the load is correct for one tube, then for a push-pull 
stage the transformer must have a turns ratio of 
1.41 to 1 from the entire primary to the secondary. 

For each half of the primary to the secondary, 
the ratio will be 0.707 to 1. With two tubes, the 
total primary voltage can be seen to be double that 
computed for either tube. The primary current is 
as for one tube because the output current of each 
tube only flows through half of the winding. 'Fliis 
makes the power delivered to the primary 2 Eq /q, 
which is obviously correct. With a transformer 
ratio of 1.414' to 1, the secondary voltage will be 
2 iio/1.414' or 1.414 ify; and the secondary current 
will be 1.414' /q. Dividing secondary voltage by 
secondary current, we find Eo/fo as the required 
resistance. As this is the speaker resistance we 
assumed, the transformer ratio is correct. 

To avoid confusion from the similarity of the 
numbers, the figure 1.414 marked with a prime (') 
represents the transformer ratio. Where the figure 
1.414 is written without a prime, it is the result of 
an arithmetical operation. 

When audio amplifiers deliver power to low im¬ 
pedance devices such as loud-speaker voice coils or 
telephone lines, proper coupling can be secured only 
by the use of a step-down transformer. The ratios 
required can be found by simple computations. 

Example: A single-ended audio amplifier requires 
a load of 4250 ohms. What transformer ratio is 
necessary if the amplifier is to feed into a 500-ohm 
line ? 


Solution: The transformer ratio is equal to the 
square-root of the impedance ratio or: 

Primary turns/se condary turns __ 

= Vohms wanted at tube/load ohms 
= V4250/500 = 2.91 

This formula is for single-ended Class A amplifiers 
only. 

The required turns ratio is 2.91 to 1, the primary 
having the greater number of turns. 

Example: Two tubes operated in Class A push- 
pull are to be coupled to a 15-obm voice coil. The 
proper load for either tube has been found to be 
4250 ohms. 

Sohiiion: In the case of push-pull Class A ampli¬ 
fiers, the plate-to-plate load impedance should be 
twice the required load for either tube. This figure 
may be used to obtain the ratio of entire primary 
to secondary. Thus: 

Primary turns/secondary turns_ 

= Vr>r425()7r5 = 2.1.8 

This formula is for Class A push-pull ampliiiers 
only. 

The required ratio is 23.8 to 1 for the entire pri¬ 
mary to the secondary. 

5-2j. The Cathode Follower —Cathode follower 
is the name given to an electron tube stage when 
the load is in the cathode instead of in the plate 
circuit. This type of circuit has several distinct 
and meritorious applications. The circuit arrange¬ 
ment for triodes and pentodes is shown in Figure 
5-13. The pentode cathode follower stage is used 
in preference to the triode in applications where a 
lower input capacity or a higher output voltage is 
desired. The effective internal impedance of the 
tube is the reciprocal of the grid-to-plate trans¬ 
conductance in mhos and must be added in parallel 
to the cathode resistor to determine the output im¬ 
pedance Z of Figure 5-13. 



Fic. 5-12. A transformer is necessary to combine properly the 
power output of two tubes in Class A push pull. 
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h'lc,. 5-13. Cathode follower circuits. 


The sla^e is j^ivcn by: 

1 4" CtniRk 

Thus it can he seen that the stajje always operates 
with a gain of less than 1 and that the higher the 
value of /\\, the closer to unity the gain becomes. 
The arrangement of h'igure 5~13c is sometimes used 
to secure higher output voltages. In this circuit 
Rj. is divided into two parts, and and R^ are 
arranged so that the d-c voltage across Ri is equal 
to the required grid bias; as the grid is returned to 
the junction of and A’o, the correct bias will be 
obtained. The will not change, but 7?*. will be 
increased and thus also the voltage output. Simi¬ 
larly, will be changed. 

Cathode followers are used extensively in video 
work as an impedance changing device. For ex¬ 
ample, the output voltage of an amplifier taken from 
the plate circuit is of comparatively high impedance, 
and the problem of designing a transformer to re¬ 
duce the impedance to that of a transmission line 
through a range of video frequencies from 30 
cycles to 5 me with a uniform frequency response 
is difficult, although easily solved by u.se of a cathode 
follower stage. 

Other applications include: 

ia) To serve as a driver for a Class B audio am¬ 
plifier, thus eliminating an input transformer. 
ih) As a substitute for a plate-to-line transformer 
for a microphone preamplifier. 

(r) To provide a voltage range control for the 
input of a high-gain amplifier. 

In fact, whenever a circuit which has a low in¬ 
ternal impedance is required, or when there is a need 
to connect to a circuit without loading it, the cathode 
follower can be used to advantage. However, it 
must be kept in mind that, as shown previously, the 


cathode follower stage provides less than unity 
amplification and therefore introduces a loss instead 
of a gain. However, in the final analysis, the over¬ 
all advantages often more than compensate for this 
slight loss of amplification. 

5-2k. Class AB Audio Amplifiers —As the des¬ 
ignation indicates, the AB class lies between Class 
B and Class A. It may be regarded as an over¬ 
biased and overswung C'lass A stage, for at low 
levels the plate current flows throughout the cycle, 
and even the highest operating level does not reduce 
it to mere half-cycle pulses. On the other hand it 
may be regarded as an underbiased Class B stage 
and, like the true Class B stage, requires actual 
power input to the grid, except at low audio levels, 
hence the driver conditions resemble those of C'lass 
B for a part of the cycle. 

The merit of Class AB is that it avoids the 
low-level distortion of ('lass B by operating in ap¬ 
proximate C'lass A for this region. At high levels 
the operation is substantially Class B, with conse¬ 
quent high efliciency and outfmt. It might be 
thought that distortion would be encountered but in 
practice very satisfactory results are possible. 

Class AB is divided into Class ABj (no grid 
current at any time) and C'lass ABo (drawing grid 
current at the upper part of its range) but this is a 
distinction of degree rather than basic difference. 

5-3. Class B Amplifiers —Class B operation will 
enable an audio push-i)ull stage to deliver about 5 
times the power output that could be obtained from 
the same size of tubes in Class A. It follows that 
Class B operation becomes interesting whenever the 
power level is such that the tube cost has risen con¬ 
siderably. Likewise the higher plate-circuit efli¬ 
ciency of the Class B stage effects a power saving 
which may in itself be a consideration if the output 
is to be anything above perhaps 100 watts. Finally, 
it is clear that a change from Class A to .smaller 
tubes in Class B may sometimes permit a lower 
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plate voltaj^e supply system. It is not necessarily 
true that Class B is always cheaper than Class A. 
In both transmitters and receivers, cases are com¬ 
mon where no saving in the plate supply system 
results since the rest of the system must be supplied 
as before. It is even possible to find cases where 
the Class A system operates satisfactorily from a 
certain source, while a Class B system, because of 
its fluctuating plate current, disturbs that supply and 
requires additional filtering or an independent sup¬ 
ply. An additional driver audio stage may be neces¬ 
sary to provide the grid power demanded by the 
Class B stage. General statements are unwise and 
each case should be studied. That is not within the 
scope of this chapter, and we now turn to the opera¬ 
tion of the Class B amplifier. 

Ihe increased efficiency of the Class B stage, as 
compared to Class A, is clue in part to the elimina¬ 
tion of most of the plate input when the tube is 
resting, which is accomplishecl by the high negative 
grid bias of cutoff value, or by the use of a special 
tube with a fine-mesh grid which requires no bias 
for Class B operation. Thus plate current flows 
only when the grid is swung by the signal input, and 
flows in more or less direct proportion to this exci¬ 
tation. The output of the tube will not be of the 
same form as the grid input but is an amplified and 
rectified, or half-wave, copy of the a-c grid input, 
because the tube can produce output on the positive 
grid swings, but on the negative swings it can do 
nothing for it is already cut off, and a further nega¬ 
tive swing produces no effect. Thus one definition 
of a Class B stage is: 

*‘An amplifier in which the grid bias is approxi¬ 
mately equal to the cutoff value so that the plate 
current is approximately zero when no signal volt¬ 
age is applied, and the plate current . . . flows dur¬ 
ing approximately % of each cycle when a signal 
voltage is applied.” 

It is not essential that hvo tubes be used unless 
fidelity of reproduction is necessary. A single Class 
B tube is ejuite capable of driving a tuned circuit or 
delivering power to a variety of devices, and this 
may be done at either audio or radio frequencies. 
The radio-frequency use of a single-tube Class B 
amplifier is the more common as it is possible to 
use the flywheel effect of the tuned circuit to fill 
in the missing half-cycles and thus produce an alter¬ 
nating or full-wave current. In audio Class B 
work it is true that two tubes (in push-pull) are 
necessary, 

5-3a. Audio-frequency Class B Push-pull Am¬ 
plifier —Figure 5-14 shows the wave forms (but 
not relative amplitudes) of the grid and plate cir¬ 
cuits in a very highly idealized Class B amplifier 
and attempts to explain how the two half-wave out¬ 
puts are combined by an output transformer into a 
full-wave output. In an actual Class B stage the 
conditions are not as ideal, for the two half-wave 
outputs do not join so precisely end-to-end, even 


when the optimum value of grid bias is used. The 
discontinuity is minimized by proper transformers. 
Another departure from ideal conditions arises from 
the fact that the Class B grid draws a varying grid 
current as it swings more or less deeply into the 
positive-grid region. Thus the grid becomes a 
varying load upon the driver stage, and serious dis¬ 
tortion is possible unless the driver stage is one 
capable of tolerating such varying loads. This is 
a requirement most simply met by a large Class A 
driver stage of low amplification constant, coupled 
into the Class B grids by means of a step-down 
transformer. If the driver is not adequate there 
will be rapidly increasing distortion as the point of 
increasing Class B grid current is reached. 

5-3b. Class B Audio Amplifier Plate Efficiency 
—It is quite outside the scope of this book to present 
the mathematics of Class B audio design in full, 
but an outline may be useful. It will be recalled 
that Class A amplifiers draw a continuous plate 
current when idle, and that as the signal is applied 
and is increased, a larger and larger part of this 
input is converted into output, so that the plate ef¬ 
ficiency gradually rises from 0 to about 20 percent. 
In Class B amplifiers a similar rise of efficiency 
with signal input takes place, hut the absence of a 
large resting plate current makes it appear reason¬ 
able that there be greater efficiency, especially as 
the Class B tube operates with larger a-c grid volt¬ 
ages, made possible by a driver adequate for swing¬ 
ing the grid into the positive region. Thus the full¬ 
load efficiency is in the region of 60-66 percent in 
familiar tubes. 

A limitation to Class B operation, which is not 
readily apparent to the user not equipped with suit¬ 
able measuring eijuipment, is that a tube of a type 
which does not show overloading by visible plate- 
heating may cause the operator to be misled into 
thinking that increased operating level is justified 
when actually the peaks of the plate-current wave 
are being clipped off through one of two possible 
effects. One of these is driving the grid so highly 
positive that overheating of the grid and distorting 
of the plate current wave form results. Further 
distortion is introduced by the abrupt change in 
driver load due to the sudden rise in Class B grid 
current, also by the probability of dynatron oscilla¬ 
tions in the Class B tubes. These limitations are 
more severe in large water-cooled tubes where grid 
heating more surely results in tube failure. The 
manufacturer’s ratings should be observed in all 
Class B work unless the full effect of changes is 
clearly understood. There is one exception to this 
warning: In uses where the tube life will ordinarily 
terminate by leakage or accident, rather than 
through filament wear, it is economically justifiable 
to hasten the filament wear by overrunning a tube 
for the purpose of securing larger output and thus 
avoiding the purchase of a larger tube. Thus a 
radio amateur may find it economical to over-run 
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TUBES WORK ALTERNATELY AS INDICATED 


#1 #2 #1 #2 #1 #2 #1 



Fir,. 5—14. Plate current flow in Class B audio amplifier. 

1. Sis:nal voltage on grid of Tube 1. 

2. Plate current of Tube 1. 

3. Output current, Tubes 1 and 2 combined by output tran.sfornicr. 

4. Plate current of Tube 2. 

5. Signal voltage on grid of Tube 2. 


a pair of tubes with a Class B audio rating of 45 
watts and a cost of $7, rather than to under-run a 
pair rated at 110 watts and costing $20—simply 
because he intends to use the equipment perhaps 200 
hours per year. The same practice applied to com¬ 
mercial service, 12 hours per day, 365 days per year 
would be costly even if the increased frequency of 
service failures is not taken into account. 

Nevertheless the fact remains that the peak values 
of plate current in Class B stages are higher than 
any reading of the direct-current meter in the plate 
supply line by a factor in the vicinity of 1.56/1, and 
the possibility of swinging into the saturation region 
is an actual one when maker’s ratings are exceeded. 
In fact, as the emission decreases with tube aging, 
this eventually takes place at normal rating and un¬ 
satisfactory or unbalanced operation of a Class B 
stage may be due to an emission failure of an aging 
tube. 

5-3c. Driver Stages for Class B Audio Ampli¬ 
fiers —As already indicated, the d-c grid current 


of a Class B stage dej)cnds upon the characU'ristics 
of the tube and upon the instantaneous grid and 
plate voltages. During each cycle, as the grid 
swings toward the positive, the plate voltage natu¬ 
rally falls because of the a-c voltage drop in the 
tube’s load. The grid current does not rise uni¬ 
formly, but slowly at first and then more rapidly. 
At about the point where the grid voltage has risen 
to % of the instantaneous plate voltage the grid 
current begins to rise rapidly. At this point the a-c 
grid driving power is about 5 percent of the output 
power. As this is not an unreasonable power it is 
frequently used for design. 

The fact that there is d-c grid current in the 
Class B stage necessarily compels the preceding or 
driver stage to supply actual power rather than 
mere voltage, as in the Class A stage. In conse¬ 
quence, the performance of the Class B stage is so 
closely associated with the driving stage that the 
two must be designed together. The driver is usu¬ 
ally a Class A power amplifier stage, that is, a stage 











102 


RADIO MANUAL 


using low-niu tubes, but unlike some other cases 
this stage must work into a load which varies. It 
will be recalled that the gain of a Class A stage 
is equal to the product of load resistance and 
amplification constant, divided by the sum of the 
load resistance and internal plate resistance. As 
the load-resistance becomes smaller, the amplifica¬ 
tion is reduced. The reasonableness of this is ap¬ 
parent when one considers that this process would 
end in a short circuit, which naturally permits no 
amplification. If the load resistance equals twice 
the Class A tube's plate resistance, the equation will 
show the amplification to be equal to niu (2/3). 
Thus, a swing from an extremely high-resistance 
load to a load equaling twice the Class A tube's plate 
resistance would be a 33 percent change in voltage 
gain and cause serious distortion of the signals. 
While the range of loads stated is not intended to 
represent any practical case, it illu.strates the desira¬ 
bility of preventing load-excursions and explains 
why tube data commonly recommend that a Class 
A tube be given a high resistance load when driving 
Class B grids, this being accomplished by means of 
a transformer whose primary turns are more nu¬ 
merous (usually) than their secondary turns. A 
proper loading condition is arrived at somewhat 
automatically if the driver tubes have a normal Class 
A rating at least 4 times the required driving power, 
and if the input transformer of the Class B stage 
is so designed that the Class B grids will just re¬ 
ceive their full voltage sw'ing w^hen the driver tubes 
are operating at full output. If this is to be done 
from voltage-ratio considerations, the peak a-c volt¬ 
age in the Class A plate circuits and the required 
peak grid swing of the Class B circuits provide the 
starting point, while the i)ovver to be handled, the 
lowe.st frequency wanted, and the need of keeping 
the secondary resistance down to perhaps 1000 ohms 
for a small Class B tube indicate the size of the 
transformer. 

5-3d. Class B Amplifier Performance —Figure 
5-15 show\s the distortion characteristics of a typical 
low-grade Class B amplifier stage. At low grid 



Fig. 5-15. Distortion characteristics of low-grade Class B 
audio stage. 



Fig. 5-16. Distortion characteristics of high-grade Class B 
audio stage. 


swings the grid operates in a region where it is 
just beginning to collect grid current; therefore the 
tube’s characteristics are changing rapidly and the 
distortion is high. This tendency is characteristic 
of all Class B amplifiers. In this case the curve 
starts off at 3 percent and almost immediately rises 
to 5 percent. However as the grid swing is ex¬ 
tended it reaches into the more linear region and 
the better performance in that region begins to 
average dowm the higher distortion in the low^er part 
of the swing so that a minimum of 2 percent is 
reached. However as the grid current continues to 
rise and presently enters the region of increasingly 
rapid rise, the load on the driver changes and witli 
it the distortion, which once more goes up to 5 
percent. The difficulty in this case is not altogether 
in the Class B stage, but resides partly in the use 
of a driver not adequate for the work, and therefore 
too greatly affected by the changing load. Thus, it 
has already begun to give bad performance at the 
time the useful power limit is reached. Figure 5-16 
shows the performance of a high-grade Class B 
audio stage wdth a jiroper driver stage, and with 
tubes specifically designed for Class B use. 

5-3e. Special Class B Tubes —Several varieties 
of tubes have been introduced particularly for 
Class B audio service, though most of them are also 
useful in other ways. One of these tubes consists 
of two small high-mu triodes built into a single 
envelope for use in the audio output stage of re¬ 
ceivers. This has the merit of compactness. 'J'hese 
dual tubes may be, and often are, of the very 
high-mu varieties which are nearly self-cutoff and 
require no bias voltage. Such zero bias tubes are 
also available in individual envelopes and are made 
in all sizes including a 100-kw w^atcr-cooled variety. 
There are also two-grid tubes w hich become high-mu 
zero-bias Class B tubes when the grids are tied 
together, but become moderate-mu Class A driver 
tubes when one grid is tied instead to the plate. 
Finally there is the variahle-mu type of triode, 
more or less overlapping some of the varieties 
already mentioned, and possessing advantages as 
regards ease of drive and improved performance. 
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The curve of Figure 5-16 was obtained from such 
a pair of tubes. 

5-3f. Power Limit of Class B Audio Tubes—In 

designing Class B audio amplifiers, there are four 
factors that limit the power obtainable from a 
given pair of tubes: 

1. The safe plate voltage must not be exceeded. 

2. The peak plate current must not exceed the 
emission capability of the cathode. 

3. The power dissipated at the plate must not be 
excessive. 

4. 'rile audio driving stage must not be over¬ 
loaded. 

The first item depends upon the internal con¬ 
struction of the tube, particularly upon the spacing 
of the supports and leads in the “p^*css** where the 
wires pass through the glass. The plate voltage 
limit must be specified by the manufacturer because 
it cannot be determined bv test without risking de¬ 
struction of the tube. 

In small tubes, such as those designed for re¬ 
ceivers, the filament emission is limited (to save fila¬ 
ment power) and item 2 is an important limit. For 
this reason, a plate current limit is usually specified 
by the manufacturer. Exceeding this current v/ill 
result in loss of emission. On the other hand, the 
size of the jilate and the envelope are adequate .so 
that (except at unusually high plate voltages) the 
plate dissipation is not a limit. With larger tubes, 
the reverse is true. Filament economy is of minor 
importance so an abundance of emission is avail¬ 
able, especially if the tube is also intended for r-f 
service. For such tubes the size of the plate and 
envelope are the jirincipal limit. The power that 
can be safely dissipated is always stated by the 
manufacturer. 

5-3g. Class B Audio Computations —Given two 
tubes with the characteristics shown in Figure 5-17; 


safe plate voltage 400; and dynamic peak plate cur¬ 
rent limit 200 ma per tube; solve for: 

1. Grid bias. 

2. Signal voltage. 

3. Output voltage. 

4. Output current. 

5. Power output. 

6. Plate input. 

7. Plate effieiency and plate dissipation. 

Solution—First Method —1. Examination of the 
characteristic curves shows that at the operating 
plate voltage the plate current is nearly cutoff with 
zero grid voltage. Negative bias is, therefore, 
unnecessary. 

2. On the characteristic curve, mark off each 
point wher'‘ the plate voltage is just twice the grid 
voltage. Draw a line through these points. This 
i^' the nearly vertical broken line marked 2Eq = F.p. 
Any point on this line, or to the right of the line, 
satisfies the arbitrary requirement given in section 
5-3c for reasonable driving power. This line 
crosses the specified plate current limit (200 ma) at 
a grid voltage of 60 and a plate voltage of 120. 
These are, respectively, the maximum positive grid 
voltage and the minimum instantaneous plate volt¬ 
age. With zero bias, it is evident that the signal 
voltage for full output must be 60 volts to attain 
the required maximum positive grid voltage. This 
is a peak value, the rms value being 0.707 X 60, or 
42 volts. 

3. The peak output voltage is the difference be¬ 
tween the applied plate voltage (400) and the mini¬ 
mum instantaneous plate voltage (120), or 280 
volts. The rms voltage is 0.707 X 280, or 198 volts. 

4. The peak output current is equal to the dy¬ 
namic peak plate current already specified as 200 ma. 


Ma 



450 V. 
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The nils current is 0.707 X 200 nia, or 141 ma 
(0.141 ampere), 

5. The product of rms output voltag:e and current 

is the power output, or: = 198 X 0.141 = 29 

watts. 

Note —This is the tube output. From it must be 
deducted the losses in the output transformer to 
obtain the actual power at the secondary. For such 
low powers, transformer efficiencies run about 75 
percent, making the net output power 21.6 watts. 

6. The average plate current of either tube is 
0.318 times the dynamic peak plate current. This 
factor is an inherent characteristic of the Class B 
plate current wave shape. In this case, the average 
plate current is 0.318 X 200 ma, or 63 ma per tube, 
or 126 ma for both tubes. This is, of course, ob¬ 
tained only at full output. 

7. The plate input is the product of average plate 

current and i)latc voltage; that is: = 400 X 0.126 

= 50.4 watts. Deducting the tube output of 29 
watts, we obtain the plate dissipation; that is, 
50.4 — 29 = 21.4 watts. This is, of course, shared 
between two tubes, so that either tube must dissipate 
half this amount or 10.7 watts loss per tube, 'i'he 
plate efficiency is the tube output divided by the 
input, which is 29/50.4 = 0.576, or 57.6 percent 
plate efficiency. 

In the example just given, the plate dissipation 
of either tube was shown to be 10.7 watts. The 
manufacturer's limit is 10 watts. If adequate ven¬ 
tilation is provided, this slight excess will do no 
harm. However, if conditions arc unfavorable, it 
may be desirable to operate the amplifier at a re¬ 
duced output level. 

Solution—Second Method —Experience with typi¬ 
cal tubes has shown that a plate efficiency in the 
order of 60 percent is obtained at full output. Thus, 
the full output (60 percent of the d-c input) is just 


1.5 times as large as the plate dissipation (the re¬ 
maining 40 percent of the d-c input). The power 
output of any two tubes in Class B audio can be 
quickly estimated by multiplying the rated plate 
dissipation (for both tubes together) by the factor 
1.5. However this leaves no margin at the maxi¬ 
mum loss level which is slightly below the full out¬ 
put point and a more correct value is 1.44. It must 
be understood that this factor is an estimate, based 
upon a probable plate efficiency of 60 percent at full 
output. The actual output may differ somewhat. 
It is, however, useful in making a solution when the 
plate dissipation (rather than the plate current) is 
the limiting factor. This will be illustrated by an 
example. 

Example: Given a pair of tubes with safe plate 
dissipation limit of 35 watts each, plate voltage 
1250, and characteristic curves as shown on Figure 
5-18. Operated as a Class B audio amplifier, solve 
for: 

1. Grid bias. 

2. Plate input for full output. 

3. Signal voltage for full output. 

4. Computed power output. 

5. Plate efficiency, and plate dissipation at full 

output. 

Solution: From inspection of the curves of Fig¬ 
ure 5-18 it may be seen that, neglecting the curva¬ 
ture at its lower end, the plate-current curve for a 
grid voltage of — 70 reaches zero current at 1250 
volts, which is to say — 70 volts is the cutoff bias 
for this tube at a plate voltage of 1250. This is the 
required bias for Class B operation. Using the 
factor of 1.44 already mentioned, the estimated 
power output for a plate dissipation of 70 watts (35 
per tube) is 1.44 X 70, or 101 watts. It might be 
reasoned that the full load input is to be 70 loss- 



Fjg, 5-18. Characteristics of Class B audio tube (see text). 
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watts -f 101 output watts or 171 watts, but this is 
not altogether correct for the full load loss is less 
than the loss at a slightly lower level. At full load 
we again assume 60 percent efficiency and the re- 

144 X 70 

quired input is seen to be ——— = 168 watts 

0.6 

plate input to both tubes at full load. At 1250 
volts, 168 watts is represented by 168/1250, or 
0.134 amp. This, of course, is for both tubes. For 
either tube it is half of this, or 0.067 amp. With 
the shape of current wave met in Class B plate cir¬ 
cuits the peak plate current is related to the average 
by the factor 3.14, that is, the peak current is 
3.14 X 0.067, or 0.211 amp. 1'his is the dynamic 
peak plate current of one tube at full output. 

Turning again to Figure 5-18 and the line labeled 
= 2Zi^, this line, at the point of maximum dy¬ 
namic plate current just found (211 ma), is slightly 
above the plate-current curve for a grid voltage of 
+ 80 at about + 83 volts. Accordingly a curve for 
“f 83 volts has been drawn in and the point where it 
crosses the E^ = 2E^ line is labeled O for convenient 
reference. Ignoring all curves for a moment, it is 
seen that O is at a height of 211 ma (vertical scale 
at left of figure), while it is 166 volts to the right 
of zero (horizontal scale at the bottom of the 
figure). These values are respectively the maxi¬ 
mum peak plate current and the simultaneous mini¬ 
mum peak plate voltage, while the + 83 line through 
O represents the grid voltage at that same peak 
instant. The synchronous occurrence of 4-83 at 
the grid, and -}- 166 at the plate, is as it should be, 
for it was originally determined that the plate volt¬ 
age at this peak was to be twice the grid voltage and 
166 equals 2 X 83. 

To proceed : Since the grid is to be swung to -h 83 
despite a d-c bias of — 70 volts it is clear that the 
audio a-c grid input peak voltage must be 70 + 83, 
or 153 audio peak volts. I'liis corresponds to an 
rms value of 0.707 X 153, or 108 rms grid input 
volts. In the plate circuit it is clear that the mini¬ 
mum voltage of 166 is due to the a-c peak which 
must accordingly be within 166 volts of the plate 
supply voltage, that is, 1250 — 166, or 1084 peak a-c 
plate volts, or 766 rms a-c plate volts. 

The peak plate current has already been found, 
being 211 ma, which is 0.707 X 211, or 0.149 rms 
amp, or 149 rms ma. Thus the power output is 
0.149 amp X 766 volts = 114 watts, but not all of 
this reaches the actual load as some is lost in the 
output transformer. Assuming the transformer to 
have an efficiency of 90 percent, we find the useful 
output to be 114 X 0.9, or 102.5 watts useful output 
from the transformer secondary. 

5--3h. Class B Output Transformer Efficiency— 
There is no inherent connection between power 
rating and efficiency, but economic factors, including 
the cost of labor, material and power, control the 
actual quality of commercial transformers roughly 


as follows: The figures relate to Class B output 
transformers only: 

Up to 25 watts. 75 percent 

25-100 watts .. ..85 percent 

100-500 watts. 90 percent 

500-5000 watts .. ..95 percent 

ovtr 5000 watts. 98 percent 

Returning to the Class B stage proper, the plate 
efficiency is determined by dividing the tube output 
by the plate input as in the previous cases, that is, 
114 watts tube output divided by 168 watts input 
= 67.9 percent plate efficiency. The plate loss is 
clearly the difference between input and output, that 
is, 168— 114 = 54 plate loss watts or 27 watts per 
tube. 

It has been stated that the maximum loss does 
not take place at full load. In this case it takes 
place when ihe signal input voltage is 79.5 rms volts 
and amounts to 30.8 watts, nearly 4 watts per tube 
more than at full output. 

'J'he load impedance required to obtain the above 
conditions is obviously equal to the output voltage 
divided by the output current, that is, 766 output 
volts/0.149 output amp, or 5140 load ohms. 

As only one tube is active at any instant, this is 
the effective impedance that must be presented by 
either half of the output transformer primary. The 
platc-to-plate impedance offered by the whole pri¬ 
mary winding will be four times this value, or 20,560 
ohms. This value is convenient when computing 
transformer ratios which are normally specified in 
terms of entire primary to secondary, 

5-3i. Predicting Driving Power —The driving 
power required by the ("lass B stage is equal to one- 
half the product of the i)eak grid current and the 
peak signal voltage. In the above exami)lc the peak 
grid current is 0.045 amp (from the curves for a 
grid voltage of + 83 and a plate voltage of 166) and 
the peak signal voltage is 153 volts (sum of 70 volts 
grid bias and 83 volts jjeak signal swing). This 
makes the required driving power 3.44 watts. The 
driver should be capable of four times this power, 
or 13.7 watts, with low distortion. This can be 
conveniently obtained from push-pull low-mu tri- 
odes, preferably with fixed bias. 

5-3j. Audio-frequency Class B Output Circuits 
—Class B push-pull output transformers differ from 
Class A push-pull output transformers in that only 
half of the output transformer primary is active at 
any instant because the two tubes work on alternate 
half-cycles. The ratio is figured on the basis of 
half of the primary and the load resistance of one 
tube. 

Example: A certain tube in Class B audio appli¬ 
cation requires a load of 5140 ohms. What output 
transformer ratio is neces.sary if the actual load is 
a Class C amplifier operating at 1000 volts and 0.1 
amp? 

Solution: The impedance which the Class C stage 
will present to the secondary of the output trails- 
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former is found by dividing the Class C amplifier 
plate voltage by its plate current, that is, 1000/0.1 
= 10,000 ohms. 

The transformer turns ratio between either half 
of the primary and the secondary can now be found: 

Turns J primary /secondary _ 

= Vdesired tube load/load resistance 

= Vs 140/ 10,000 .= 0.716 

"I'llis formula applies for Class B output circuits 
only. 

The reciuired turns ratio is 0.716 to 1, for half the 
primary to the total secondary. However, the ratio 
of the entire primary to the secondary is twice this, 
or 1.43 to 1. 

5-3k. R-f Class B Operation —In radio- 
frc(juency amplification there are two distinct and 
separate fields. One is the extremely low power 
level amplification of received signals, which can be 
accomplished most satisfactorily by the Class A r-f 
amplifier as previously discussed, even with the 
smallest of tubes. The other field is that of the 
transmitter in which the power to be handled is 
not measured in microwatts and milliwatts but in 
watts and kilowatts, so that tube efficiency becomes 
of importance and Class A amplification loses its 
attractiveness, at least to some extent, and Classes 
B and C become attractive as the power level rises. 
Most of the amplifiers in radio transmitters operate 
in Class C. The reason for this is that a Class C 
stage provides higher efficiency than a Class B 
stage and, consequently, higher output. Thus in the 
usual transmitter the oscillator, the buffer amplifiers, 
the frequency doublers (if any), and the modulated 
amplifier (if any) are all operated in Class C. 
However, in radiotelephone transmitters it is some¬ 
times desired to modulate a relatively small tube and 
to amplify the modulated output of that tube. For 
such “post modulator^' amplification, the Class C 
condition is not suitable, and a Class B r-f amplifier 
is used; occasionally a second Class B stage follows. 
Though the plate voltage and grid bias are the same 
as in audio zeork, there are some notable differences 
bctzeecn audio and r-f Class B operation, 

1. The audio-frecjuency Class B tube has no sig¬ 
nal input when there is no sound at the microphone, 
therefore any resting plate current is entirely con¬ 
verted into heat. On the other hand the radio- 
frccpiency Class B tube is never without grid input 
in the usual radiophone transmitter, for during si¬ 
lences unmodulated radio-frequency power is still 
being sent to the antenna; therefore, the tube is 
working at all times, though the level changes with 
modulation. (The statement does not hold true for 
Class B r-f stages of carrier-elimination trans¬ 
mitters or those using controlled carrier.) Thus a 
typical pair of quarter kilowatt tubes when used in 
push-pull Class B audio deliver 500 watts at full 
signal and none during a silence, but if used in Class 
B r-f they deliver 560 watts of r-f power during 


modulation peaks, while during a silence they main¬ 
tain a carrier output of 140 watts—^just % the peak 
output. This 4-to-l relation is essential in the op¬ 
eration of a post-modulated r-f amplifier, employing 
amplitude modulation as will be discussed later in 
chapter 6. 

2. In Class B audio amplifiers a complete output 
wave form is secured by combining the half-wave 
output from each of two tubes. In r-f Class B 
amplifiers the audio wave form exists only as vari¬ 
ations of an r-f carrier, hence is not exposed to 
distortion as long as these variations are maintained 
in proper time and form even though the radio- 
frequency wave form is distorted considerably. 
Thus, push-pull r-f Class B amplification is not es¬ 
sential for the prevention of distortion. If a single 
tube is used in a Class B r-f stage, it is necessary 
that the tube work into a tank circuit capable of 
converting the half cycle plate-current ])ulses into 
a wave form not too greatly different from a sine 
wave. Such a tank circuit must not have too small 
a ratio of C to L, 

3. In an audio Class B amplifier, proper loading 
of the driver (to improve the regulation) is secured 
by using transformer coupling w'ith a definite ratio. 
In radio-frequency circuits, a definite ratio is diffi¬ 
cult to obtain. The problem often is solved by load¬ 
ing the driver with a fixed resistance. This load is 
proportioned to absorb at least 4 times as much 
power as the actual peak driving power. 

4. In audio Class B amplifiers, the maximum 
plate dissipation occurs near full output. During 
periods of little or no signal the i)late dissipation 
is very small. In radio-frequency amplifiers, the 
greatest dissipation occurs at carrier output (i.e., at 
no modulation) because here substantial power is 
delivered at fairly low plate efficiency. During high 
percentages of modulation, full output is alternated 
with very low output so the average dissipation is 
less than at carrier output. 

5-31. Computation of Class B R-f Amplifier 
Performance —Keeping the foregoing factors in 
mind, we shall proceed with a computation of Class 
B r-f amplifier performance. 

Example: A Class B r-f amplifier is operated 
with a plate input of 0.75 amp and 4000 volts. Find 
the carrier power if modulation capability is to be 
100 percent. The characteristics are given on Fig¬ 
ure 5-19. 

Solution: The problem is solved under the condi¬ 
tions existing during a positive modulation peak. 
At that point, the plate input will be twice as great 
or 1.5 amp at 4000 volts. I'lius: 

I ft max = 1.5 amp 

The instantaneous peak plate current is found from: 
i max = 1.5/0.318 = 4.71 amp. A line is drawn on 
the characteristic of Figure 5-19 through all points 
where the plate voltage is equal to twice the positive 
grid voltage. (See section 5-3g for details.) 
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Where this line crosses the inaxiniuni peak plate 
current we find: 

Cf. = 625 volts 
= 1250 volts 

Subtracting this minimum instantaneous plate volt¬ 
age from the applied plate voltage, we find the peak 
output voltage 4()0() — 1250 = 2750 volts. The peak 
output current is equal to 0.5 times the peak plate 
current of the tube, or 0.5 X 4.71 = 2.35 amp. 

The power output is now found: i peak voltage 
X peak current = i (2750) (2.35 )= 3235 peak out¬ 
put watts. This is the peak output power attained 
under a positive modulation peak. The carrier 
})owcr is, for ordinary modulation, one quarter of 
this amount, or 800 watts carrier, hut is much less 
for a controlled carrier and entirely absent in car¬ 
rier elimination. The refjuired load resistance is 
found by dividing the output voltage by output cur¬ 
rent = 2750/2.35 = 1170 load ohms. The plate ef¬ 
ficiency at carrier output is: output/input = 809/ 
3000 = 0.268 = 26.8 percent efficiency. 

'riie required grid bias for a plate voltage of 4000 
is found by inspection of the characteristic curves. 
Neglecting the curvature at low plate currents, a 
bias of — 200 volts will produce plate current cutoff. 
With this bias, a peak signal voltage of 825 volts is 
lequired to attain the maximum positive grid volt¬ 
age of 625 volts. At carrier output, the signal volt¬ 
age will be just half of this amount, or 412 volts 
peak. This would be, of course, 292 volts rms. 

5-3m. Driving Power and Driver Loading— 
Examination of Figure 5-19 shows that, for a plate 
voltage of 1250 and a positive grid voltage of 625, 
the grid current will be 0.785 amperes. As the grid 
current is peaked rather than sinusoidal and flows 
only during half the cycle, the fundamental compo¬ 
nent peak value will be somewhat less than 0.5 times 
the peak current. The decimal 0.4 is estimated as a 
probable value. This makes the peak value of the 
fundamental component 0.4 X 0.785, or 0.314 amp. 


The rec|uired grid driving power is evidently one- 
half the product of this current and the peak signal 
voltage or J (0.314 X 825) = 129 watts. This is the 
actual grid driving power required to produce a 100 
percent positive modulation peak (at which point 
the output from the Gass B amplifier is 3235 watts). 
To obtain good regulation from the driver, and 
con.sequcntly low distortion, the driver should be 
loaded with resistances to four times this power, 
that is, 516 watts. The difference of 387 between 
516 watts and the actual driving power of 129 watts 
is dissipated in the resistance load. At carrier out¬ 
put the power dissipated in this resistor will be one 
quarter of this amount, that is, 387/4 = 96-1- watts. 
The resistor should be capable of dissipating about 
1% times this power continuously. 

5-3n. Bias Supply for Class B R-f Amplifiers— 
A point freciuently overlooked in the design of Class 
B r-f amplifiers is the regulation of the grid bias 
supply. The peak grid current computed above was 
0.785 amp. If adequate audio by-passing is pro¬ 
vided, only the d-c component will flow through the 
bias supply. This component is estimated to be 
about 25 percent of the peak grid current, or 0.196 
amp. However, this value is reached only during 
positive modulation peaks. In normal modulation 
positive peaks alternate with negative peaks. Dur¬ 
ing the negative peaks the grid current is low. 
Thus if adequate audio-frequency by-passing is 
provided, only the average d.c. will flow through the 
bias supply. However, this increases during modu¬ 
lation ; hence for low distortion the grid bias supply 
should possess sufficiently good regulation so that 
the grid bias voltage does not vary greatly in conse¬ 
quence of the changed current—say 5 percent volt¬ 
age change as a maximum. Such regulation is 
easily obtained with a generator. Storage batteries 
are not without objection, for although they do not 
vary in voltage with momentary current changes, 
they do gradually become charged and assume a 
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higher voltage, thus shifting the operating point. 
Vacuum tube rectifiers and filters may be used as 
grid-bias supplies but the regulation is seldom 
within the 5 percent limit unless the supply is made 
very large and stabilized by wasting much power 
in a bleeder resistance, or else is equipped with a 
regulating device with a very short time-lag. 

5-3o. Plate Supply for Class B R-f Amplifiers 
—Good regulation of the plate supply of a Class B 
r-f amplifier is as necessary as for Class B audio, 
about 10 percent regulation being the maximum 
which should be tolerated from carrier only to full 
modulation. This regulation is quite possible with 
mercury-vapor rectifiers and filters of good design. 

A frequent source of trouble is the operation of a 
Class B stage, either audio or r-f from a plate sup¬ 
ply which also serves other stages. If this cannot 
be conveniently avoided, there should be interposed 
an additional filter section using a large condenser 
and choke. 

5-3p. Practical Adjustment of Class B R-f Am¬ 
plifiers —If the station computes power output by 
the indirect method (that is, based on the plate 
input and the 33 percent plate efficiency assumed by 
the Federal Communications Commission) the Class 
B stage should be adjusted as follows: 

1. After proper neutralization apply plate voltage 
and grid excitation. 

2. Gradually tighten the antenna coupling and at 
the same time increase the grid excitation. (Exces¬ 
sive grid excitation with loose coupling may damage 
the grid.) Do not exceed the grid current rating 
for Class C telegraph service. 

3. Continue to increase the coupling until the d-c 
plate input is 6.5 ^ times the required power output. 
For example, a station licensed for 1000 watts out¬ 
put should now take 6500 watts plate input. 

4. Fix the antenna coupling at this point after 
readjusting the antenna tuning. 

5. Reduce the grid excitation until the d-c plate 
input has come down to 3.0 times the required power 
output. 

The stage is now properly adjusted and can follow 
modulation up to 100 percent. It will undoubtedly 
be found that the output is somewhat less than the 
licensed power (in the computed example 800 watts 
was obtained when the rated power was 1000), but 
this cannot be avoided with this method of power 
measurement. 

If the power is computed by the direct method 
(that is, by antenna resistance and antenna current), 
proceed as follows: 

1. After proper neutralization, apply plate voltage 
and grid excitation. 

2. Gradually tighten the antenna coupling and at 
the same time increase the grid excitation. (Exces¬ 
sive grid excitation with loose couplitig may damage 
the grid.) 

4 This allows mod. peak to occur about 10 percent below 
the saturation point. 


3. Continue tightening the coupling until the an¬ 
tenna power is 4.4 ^ times the licensed power output. 
As an example, for a licensed power of 1000 watts 
and antenna resistance of 15.1 ohms, the antenna 
current must reach: 

Test = = 4400/15.1 

= 17 + amperes 

4. When this point is reached, make final adjust¬ 
ments to the antenna tuning, and fix the coupling 
at this point. 

5. Reduce the grid excitation until the antenna 
power conies down to the licensed power. The an¬ 
tenna current will now be: 

/licensed power 

la = -= 1000/15.1 = 8.14 amperes 

The stage is now properly adjusted and is capable 
of following modulation up to 100 percent. 

During the test output, the stage is operating sub¬ 
stantially Class C and the antenna tuning may be 
adjusted for maximum antenna current. With re¬ 
duced grid excitation, resonance will no longer be 
indicated by maximum antenna current. Antenna 
revSonance is indicated by minimum tank current. 
Failure to appreciate this fact is responsible for 
most of the poor performance of Class B r-f ampli¬ 
fiers. It is generally advisable to tolerate day-to- 
day departures from exact resonance (due to 
changes in weather cotiditions, etc.) rather than to 
risk disturbing the modulation capability by frequent 
readjustment. 

Alternatwe Method —Transmitters may be en¬ 
countered where the design is such that the grid 
excitation cannot be raised sufficiently to obtain the 
test output. In this case, the tank current must be 
taken as an indicator of the plate efficiency, and 
the stage adjusted to operate at the required input 
or output without excessive efficiency. It is not 
always desirable to adjust for maximum possible 
efficiency, for the linearity of Class B and Class C 
stages is impaired thereby. Unless computations 
show a greater value, it is suggested that the plate 
efficiency at carrier output be limited to 25 percent. 
This is especially recommended when the power is 
based on the direct method, so that low efficiency 
does not involve a sacrifice in carrier power. 

It is apparent that the output voltages may be 
computed by multiplying the reactance of the tank 
condenser by the observed tank current It. From 
this voltage, the plate efficiency is determined. For 
example: 

Tank capacitance 0.0012 j^tf, frequency 1440 kc, 
plate voltage 4000, find the correct tank current. 

The reactance of the tank condenser is first calcu¬ 
lated at the working frequency. This is, as for any 

^ This allows mod. peaks to occur about 10 percent below 
saturation. 
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condenser, equal to l/ZwfC ohms, where the capaci¬ 
tance is in farads and 2^ is, as usual, 6.28. This, 
for our example, makes the tank condenser reactance: 

1,000,000/6.28 (1,440,000) (.0012) = 92 ohms 

The value 1,000,000 is used inasmuch as the capaci¬ 
tance was stated in microfarads while the equation 
calls for farads. If, now, the r-f voltajje across the 
tank were known, we should be able to calculate the 
current throug^h the tank condenser very quickly. 
This voltage is obtained as follows: 

The efficiency of this type of stage is 0.785 
(^^pt*ak/^b) where Cp,.uk is the peak voltage during 
the cycle for full modulation, while h the plate 
voltage. For reasons already given, the efficiency 
is assumed to be 25 percent. By substituting this 
in the equation and solving for Cppak, and then con¬ 
verting the peak value to rms, we have: 

fr„,„ = 022SE^ 

which is correct only for 25 percent efficiency as 
assumed. For the present case this gives 0.225 
(4000) =900 volts. The current thtough the tank 
condenser is this voltage divided by the condenser 
reactance, which is 900/92 = 9.78 amp. The an¬ 
tenna coupling is then adjusted until the desired 
input (or output) is obtained with this tank cur¬ 
rent. After each change it will be necessary to 
readjust the grid excitation to restore the stated 
tank current. 

These adjustment methods arc conventional rather 
than ideal. 

5-3q. Means of Improving the Efficiency of 
Class B R-f Amplifiers —The low efficiency of 
Class B r-f post-modulatcd-stage amplifiers (25 to 
33 percent) causes a constant temptation to adjust 
for higher output efficiency, but such adjustments 
ordinarily result in defective linearity. A mis- 
adjusted Class B stage may either increase or de¬ 
crease the percentage modulation, depending upon 
the nature of the misadjustment, but in cither case 
the audio fidelity .suffers. 

Various methods to avoid this situation have been 
devised and have been put into use. These methods 
require added equipment and adjustments, hence 
each case must be analyzed to determine if such 
additions are warranted by the power saving, or 
whether the increased efficiency permits the use of 
smaller tubes at a considerable saving. The method 
adding least to the complexities of the transmitter 
is probably that of applying carrier-control to the 
Class C modulated stage. Since the controlled car¬ 
rier becomes quite small during times when there 
is small modulation, it follows that at such times a 
following Class B r-f stage receives little excitation 
and therefore draws little plate input. In conse¬ 
quence the tube cools down more than if full carrier 
were used. 

5~3r. The Doherty High-efficiency Class B R-f 
Amplifier —Another approach to the same prob¬ 


lem is that of W. H. Doherty of the Bell I'ele- 
phone Laboratories. In this case normal modula¬ 
tion with conventional uncontrolled carrier is used, 
that is, the Class C modulated stage is not special. 
It drives a following Class B r-f stage so chosen 
and adjusted that it is approximately fully loaded 
when the unmodulated carrier is being transmitted. 
Thus it is capable of following modulation down¬ 
swings but cannot follow the upward modulation. 
A second tube is accordingly provided in the Class 
B stage, so connected and biased that it draws essen¬ 
tially no power at the carrier-only level and there¬ 
fore does not deliver any power until the excitfition 
goes above the carrier value. The result is that 
both tubes work at a larger percentage of their 
maximum rating wfith the increased efficiency com¬ 
mon to full-load operation of nearly all electrical 
and mechanical devices. 

This result cannot be attained by mere parallel 
connection and unequal bias, for such a parallel 
connection would apply the output of the first (car¬ 
rier) tube to the plate of the second (peak) tube, 
thereby preventing the second tube from contribut¬ 
ing output in proportion to the excitation above car¬ 
rier level. 

In the circuit developed by Doherty, the output 
of both tubes is ingeniously combined by using an 
impedance inverting network between the carrier 
tube and the load. The effect of this network is 
to make it possible for both tubes to be connected to 
the load. When the peak tube begins to supply 
power, instead of decreasing the output from the 
carrier tube, it increases it. The effect can be 
understood by referring to Figure 5-20. Imagine 
the load to be represented by two resistances, each 
of 2R ohms, connected in parallel. At carrier out¬ 
put (or during negative modulation half-cycles) the 
peak tube is not functioning; the carrier tube, there¬ 
fore, is feeding the load resistance through the 
impedance-inverting network. The load resistance 
is 2R -f- 2R in parallel or R ohms. At this point 
it is necessary to consider the action of the 
impedance-inverting network, because it is con¬ 
nected between the carrier tube and the actual load. 
The load resistance into which the carrier tube de¬ 
livers its output is not the resi.stancc R, but is the 
input terminals of the network. This impedance 
presented to the tube is expres.sed as; 


Load on carrier tube 




load 


where Zo is the characteristic impedance of the 
network, and “load” is the actual load resistance, in 
this case, R. The characteristic impedance of the 
impedance inverting network depends upon the im¬ 
pedances which form it. The simplest form of such 
a network is a transmission line one-quarter wave 
length long. For this network the characteristic 
impedance is the well-known formula: * 

Zo = 276 log 2D/d 
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During Negative modulation peaks The Carrier Tube Feeds The Entire Load. 
A RESISTAliCE OF R OHMS. THE LOAD On THE TUBE IS 4R OHMS. DUE TO THE ACTION 

Of The Impedance Changing network 



at a Positive Modulation Peak Each Tube Feeds Half Thl Load 
2R Ohms On Each Tube 



The Desired Effects Are secured When Xi.“2R. Xc“2R. 
This makes Zo'-2R also. Which Is The Desired 
Characteristic Impedance 


1'!(.. 5~20€'i,b,c. 


where D is the distance between the wires, and d 
is the diameter of the wires. As it is obviously 
impractical to use a transmission line inside a trans¬ 
mitter Cbecause of its length), the circuit shown 
in Figure 5-20c is used. In this circuit, 

where X in the reactance of the inductance and 
either condenser. All three must have the same re¬ 
actance (equal to 2R) at the operating frequency 
to produce the desired effect. In the Doherty cir¬ 
cuit, Z^i is made numerically equal to twice the ef¬ 
fect we resistance of the load. Substituting these 
values, we find that, under carrier conditions, the 
load presented to the carrier tube is: 


Load on carrier tube — 


4R ohms 


resistance 2R (on Figure 5-201)), and the peak tube 
is delivering its half of the power into the right- 
liand resistance 2R. Such a division is, of course, 
purely theoretical as there is actually'only one load. 
It is useful because it shows clearly how the addi¬ 
tional power delivered by the peak tube changes the 
apparent resistance into which the carrier tube is 
giving its power. When the peak tube was idle, 
the carrier tube supplied power to both resistances. 



When the excitation increavses above the carrier 
value on a positive modulation half-cycle, the peak 
tube comes into action. At a 100 percent positive 
modulation peak, both the carrier tube and the peak 
tube are operating wide open, nearly saturated, and 
delivering approximately equal amounts of power. 
In this case we may assume that the carrier tube is 
delivering its half of the power into the left-hand 


Fig. 5-21. Cathode-ray oscillograms of the plate poten¬ 
tials of Tube 2 (left) and Tube 1 during complete modu¬ 
lation in the Doherty amplifier. 

thus having an actual load of ohms. Now that 
the peak tube is delivering half the power, the car¬ 
rier tube is supplying power to a load of 2R ohms. 
If the impedance inverting network was not used. 




AMPLIFIERS AND OSCILLATORS 


Ill 



HIGH 

BIAS 


1^11.. 5-22. Essential elements of Doherty amplifier. 


this increase^’ in the Inacl resistance would cause a 
reduction in the power supplied by the carrier tube 
as has been mentioned. Solvinp: to find the load 
presented to the carrier tube with an impedance in- 
vertinj^ network in place, we find; 

Load on carrier tube = = 2R ohms 

load 2R 

This is a reduction in load resistance since the load 
on the carrier tube had been 4/\* at carrier output, 
'riiis causes an increase in power to twice the car¬ 
rier. Adding? an e(|ual amount of power from the 
peak tube, we have a peak output of four times the 
carrier, which is the correct amount for ICHl percent 
l)ositive modulation peaks. Jnirthermore, with 
projier adjustments, this power is added f^radually 
with the excitation, thus satisfying the condition 
for linear amplification. 

The load resistance at carrier output is K ohms if there 
is no impedance inverter in the circuit. 


All impedanct-inverting networks have the dis¬ 
advantage of producing a 90° phase shift between 
the input and output voltage. If the output of the 
two tubes is to combine i)roperly, it is necessary that 
an equal, or 90°, jdiase shift is given to the grid 
excitation of either tube. This can be accompli.shed 
conveniently by using the same sort of network in 
tlie grid circuit of the peak tube. As the grid cir¬ 
cuit of this tube presents a reactance which varies 
with the amount of excitation, it is necessary to 
connect a fixed resistance from grid to cathode to 
provide a stable termination for the phase-shifting 
network. If this is not done, the amount of phase 
shift will vary with the modulation, thus causing 
erratic operation and serious distortion. Figure 
5-22 shows a block diagram of the essential elements 
for a Doherty amplifier, and Figure 5-23 is a prac¬ 
tical circuit diagram. Note how much more eciuip- 
ment is involved than in a conventional Class B r-f 
amplifier. 
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The load resistances required for Doherty ampli¬ 
fiers can be determined by the calculations which 
were explained under Class B r-f amplifiers, bearing 
in mind that two tubes are used which, when both 
are nearly saturated, should produce an output of 
four times the carrier power. The solution may 
be checked by using the formula, 

„ ().314A:p2 ().()8/V 

” “IF” = "IF" 

where Ep is the d-c plate voltage and is the car¬ 
rier power. This equation gives a rough approxi¬ 
mation. 

The characteristic impedance of the impedance- 
inverter will be just twice the value of Rj^. The 
capacitances and inductances reciuired are such that 
their reactances at the carrier frequency are numeri¬ 
cally equal to twice 

In the grid circuit, where there is no a fixed 
resistance must be used. Its value should be as 
low as possible without consuming too much r-f 
power. When the value has been chosen, twice that 
figure will be the required reactances for the induc¬ 
tance and capacitance in the grid circuit network. 

The Doherty amplifier is not very well suited to 
high-frequency applications because at those fre¬ 
quencies the capacitances required in the inverting 
circuits become very small. This makes the ampli¬ 
fier easily affected by stray capacitances and tube 
interelectrode capacitances. In addition, it becomes 
increasingly difficult to hold the proper phase rela¬ 
tions as the frequency is raised. It is likely that 
the use of tubes with low interelectrode capaci¬ 
tances will permit satisfactory operation at higher 
freejuencies. 

At low modulation percentages the peak tube is 
operating in the region near cutoff where the char¬ 
acteristics of tubes are not very uniform. This 
introduces distortion. Likewise the high efficiencies 


which are desired involve operating fairly close to 
saturation of the carrier tube. This is another 
source of distortion. A third source is the varying 
load on the preceding stage. It, therefore, becomes 
desirable to reduce the overall distortion. Western 
Electric uses feedback for this purpose. 

5-4. Class C Amplifiers —A Class C amplifier is 
one in which the grid bias is appreciably more than 
is necessary to cut off the plate current when no ex¬ 
citing voltage (a-c grid input) is present, so that the 
plate current flows in the tube for appreciably less 
than one-half of each cycle: in fact flows only when 
excitation is present. Class C operation is confined 
to the radio-frequency stages of transmitters since 
the high plate-circuit efficiency is attained at the 
expense of large a-c grid input and high w^ave-form 
di.stortion. For r-f work this distortion is not ob¬ 
jectionable as was explained in section 5-3k of this 
chapter. 

The comparatively short pulses of plate current 
resulting from Class C operation have two impor¬ 
tant characteristics: 

1. As the pulses become shorter, the efficiency 
rises. 

2. As the pulses become shorter, the harmonic 
components in the output current become larger. 
With suitable tubes, considerable power may be ob¬ 
tained at two or even three times the excitation fre¬ 
quency by simply tuning the output tank circuit to 
the desired frequency. 

Although Class C amplifier plate current forms 
are very complex and contain large harmonic com¬ 
ponents, the output voltage may be made a nearly 
pure sine wave by the flywheel action of the tank 
circuit. The explanation of this action is given 
later in Section 5-8c. This is not true if the tank 
circuit is out of tunc or designed for extreme effi¬ 
ciency. All discussion to ft)llo\v, however, will as¬ 
sume that a properly adjusted tank circuit is pro¬ 
vided as this is usual in commercial equipment. 
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Fig. 5-24. Characteristics of 203A tube as Class C amplifier. 
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When this is the case, the output voltag^e is 180° out 
of phase with the excitation voltape, that is, the 
lowest plate voltage occurs when the grid voltage is 
the most positive, and the highest plate voltage is 
produced when the grid voltage is the most negative, 
'rhis relation can be seen on Figure 5-26. 

5-4a. Excitation of Class C R-f Amplifiers—In 
Classes A and B amplifiers, an essential recpiire- 
ment was that the output voltage vary in direct 
proportion to the excitation voltage. In Class C 
amplifiers this restriction is removed, and it is neces¬ 
sary to study the effect of increasing the excitation 
to higher values. Figure 5-24 shows the perform¬ 
ance of the somewhat old-fashioned 203A tube oper¬ 
ated in Class C. The power output, peak output 
voltage, grid current, and plate efficiency are plotted 
against the excitation voltage. The curves given 
are for a load resistance of 3100 ohms, plate voltage 
1000, and a bias of —75 volts. Up to the point 
marked X, the output voltage rises almost in exact 
proportion to the excitation voltage. In fact, except 
that the bias is slightly high, the tube is operating 
as a Class B r-f amplifier up to this point. This 
point is where the niinimuni instantanefius plate 
voltage (the difference between the plate voltage 
and the peak output voltage) is about twice as high 
as the peak positive grid voltage (peak excitation 
voltage less the bias). At this jioint the grid cur¬ 
rent and, consequently, the driving power, are fairly 
low. The plate efficiency is high—66 percent in 
this case. This is slightly higher than is obtained 
at full output with Class B because of the higher 
bias and consequent shorter plate current pulses. 
Class B employs lower bias to obtain the most 
linear relation between excitation and output volt¬ 
age. Beyond the point marked X, the output in¬ 
creases more slowly. This is more evident if the 



Fir.. 5-25. Grid cm rent versus power output of 20.^ A tube 
operating as Class C amplifier. 


output is plotted against the grid current, as has 
been done on Figure 5-25. The point marked A" 
just beyond the knee of the curve is termed the 
saturalion point. The point A" is also marked on 
Figure 5-24, although here the knee is less pro¬ 
nounced. Note that at point S the minimum in¬ 
stantaneous plate voltage is just about e(|ual to the 
positive grid voltage. Here the grid current and 
driving power are fairly high, although not un¬ 
reasonably so, and the plate efficiency has reached 
its maximum; 72 percent in this case. If the exci¬ 
tation is increased beyond S, the tube is said to be 
over.saturated. As tlie peak output voltage ap¬ 
proaches the plate voltage as a limit, the grid cur¬ 
rent and driving power become very high. With 
the increase of output voltage (however slight) it 



TOO LOW-TUBE IS NOT TUBE BARELY TUBE OVER 

SATURATED SATURATED SATURATED 

Fig. 5-26. 203A in Qass C. Plate voltage 1000, grid bias —75 volts 
load re.sistance 3100 ohms. 
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would normally be expected that the plate efficiency 
would increase in proportion. That it does not do 
so is due to the fact that when oversaturated the 
shape of the plate current wave is greatly disturbed, 
thus preventing further increase in plate efficiency. 

The relation between plate voltage, grid voltage, 
and plate current flow is shown more clearly on 
Figure 5-26. Each of the three sections repre¬ 
sent a single r-f cycle of operation. In 1, the grid 
excitation is too low, the tube is not saturated, and 
the peak output voltage is considerably lower than 
the plate voltage. In this condition the plate voltage 
could be raised or lowered without affecting the out¬ 
put. In 2 the grid excitation is increased just to the 
saturation point. The peak output voltage is nearly 
as large as the plate voltage. With this excitation 
a reduction of plate voltage will immediately reduce 
the output (by limiting the output voltage). How¬ 
ever, the output will not rise if the plate voltage is 
raised. If a modulated amplifier is operated with 
this amount of excitation, it will ^'modulate down.” 
In 3 the excitation is more than enough to produce 
saturation. The output voltage is practically the 
same as in 2. Note tlie unusual shape of the plate 
current wave. During the portion of the cycle that 
the positive grid voltage exceeds the plate voltage, 
the plate current falls rapidly. This causes a dip 
in the center of the plate current wave and reduces 
the output current. It is this effect that limits the 
output voltage since, if the plate voltage falls below 
the grid voltage for too large a portion of the cycle, 
the output current will not be large enough to main¬ 
tain the output voltage. (The output voltage and 
current have a fixed ratio, determined by the load 
resistance.) This automatically limits the output 
voltage. In practice, this balance is reached when 
the peak output voltage is nearly equal to the plate 
voltage. This is the basic principle of plate modula¬ 
tion. If the excitation is sufficient to saturate at 
the highest plate voltage reached, the output voltage 
will approximately equal the plate voltage at any 
louder value. I'hus for 100 percent plate modula¬ 
tion, it is necessary that the excitation be sufficient 
to saturate the tube at twice the normal plate volt¬ 
age. This, of course, makes the tube considerably 
oversaturated at the normal plate voltage and re¬ 
quires very high driving power. 

5-4b. Class C Grid Bias —The definition of 
Class C amplifiers does not specify any particular 
bias, Class C being defined as operating with any 
bias beyond cutoff. Experience has shown that, for 
unmodulated amplifiers (such as in telegraph trans¬ 
mitters), bias of about twice cutoff is about right. 
Higher bias will produce slightly greater efficiency, 
but the increase is not usually worth the increased 
driving power (greater excitation voltage is neces¬ 
sary to overcome the higher bias). In plate- 
modulated stages, it is desirable that the bias be 
somewhat above cutoff at the highest plate voltage. 
A bias of three times cutoff (1.5 times cutoff for the 


highest plate voltage) for the normal plate voltage 
is usually recommended. In neither case is the bias 
critical, and satisfactory results can be obtained 
with considerable different values. 

In plate-modulated Class C amplifiers, the high 
grid current and driving power required because of 
oversaturation at the normal plate voltage can be 
considerably reduced by providing some re.sistance 
(gridleak) in series with the grid bias supply. At 
carrier plate voltage, a moderate increase in the grid 
current will add to the bias and thereby reduce the 
unnecessarily high positive grid swing. As the 
plate voltage rises during a positive modulation 
peak, and the oversaturation becomes less, the grid 
current will fall, reduce the bias, and increase the 
positive grid swing. 

It is entirely practical to supply the entire bias 
voltage from a gridleak. Tests have shown that 
better modulation is obtained than with fixed bias. 
Gridleak bias has the disadvantage of being lost if 
the excitation fails, as for example the failure of a 
tube in a buffer stage. Without bias, many tubes 
draw dangerously high plate current. For this rea¬ 
son, it is considered good engineering practice to iise 
a combination of fixed bias and gridleak bias, the 
fixed bias being just large enough to hold down the 
plate current in case of excitation failure. With 
gridleak or combination bias, it is necessary that the 
bias at carrier plate voltage be greater than that 
specified, or it may fall too low when the grid cur¬ 
rent falls during a positive modulation peak. No 
figures will be given as the bias is not critical. The 
grid current indicated by a meter will n()t change 
since each positive modulation peak is immediately 
followed by a negative peak during which the grid 
current rises a])proxiniately an equal amount. 'Fhe 
meter is, of course, unable to follow these changes. 

5-4c. Computations of Class C Amplifier Per¬ 
formance —In computations of Class C amplifier per¬ 
formance the difficulty arises that the plate-current 
wave form is very far from sinusoidal under some 
conditions. However, a practical method of calcu¬ 
lating performance becomes possible if certain oper¬ 
ating points are assumed. Accordingly, in the fol¬ 
lowing discussion it is assumed that the plate-current 
will flow for somewhat less than % cycle as in Fig¬ 
ure 5-26 (150 electrical degrees), that for a 
frequency-doubling amplifier it will flow for about 
90 electrical degrees as in the upper left diagram. 
Figure 5-27, and that in the case of a frequency 
tripler it will flow for about 60 electrical degrees as 
in the upper right-hand curve of Figure 5-27. In 
each case the assumed current pulse lasts about % 
cycle at the output frequency. With these assump¬ 
tions working constants may be stated as follows: 

For the ordinary Class C r-f amplifier at saturation 

The average plate current = 0.27 X 4 niax 

The peak output a.c. = 0.46 X ij, max 

The peak 2nd harmonic current = 0.255 X if, max 

The peak 3rd harmonic current = 0.07 X 4 max 
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Where the bias and drive are chosen to produce 
maximum 2nd harmonic and the plate circuit is 
tuned to it: 

The average plate current = 0.185 X 4 max 
llie peak output a.c. (2nd harmonic) 

= 0.271 X 4 max 

When adjusted for tripling fre(iuency: 

The average plate current /^ = 0.112 X 4 max 
The peak output a.c. = 0.172 X 4 max 

ii, max is the dynamic peak plate current and can 
be found from either the curves for the tube or in 
some cases the known d-c plate current 7^^. 

CLASS V DOUBLE CLASS “C’TRlPLER 




Img. 5-27. 203A tube a.s Cla.ss C frequency multiplier. 

1'he relations between plate voltage, grid voltage, 
and j)late current for frequency multipliers are 
shown in Figure 5-27. As a general rule, fre¬ 
quency multipliers arc not operated at the saturation 
point, as to do so would require unreasonably high 
driving power. However, if the driving power is 
available, it is entirely possible to saturate the grid 
and thereby obtain high output and high plate 
efficiency. 

5-4d. Plate Dissipation of Class C Modulated 
Amplifier —An interesting point arises when a 
Class C amplifier is plate-modulated. Assume the 
d-c plate input is 150 watts, and the r-f output is 
100 watts, leaving 50 watts dissipated on the plate. 
Now under sustained 100 percent modulation, the 
plate input will be 225 watts—150 watts d.c. from 
the plate supply, and 75 watts of audio power de¬ 
livered from the modulator. The output rises in 
the .same proportion, 1.5 times, to 150 watts. This 
now leaves 225 — 150 or 75 watts to be dissipated 
at the plate. Although sustained modulation of 100 
percent is not often applied, it is a possibility and 
the transmitter should allow for it. Accordingly, 


the plate dissipation of a modulated amplifier must 
be limited to % of the rated dissipation. Thus, in 
the above example, the tube should have a dissipa¬ 
tion rating oi at least 75 watts. 

Example: Class C Telegraph Operation—Given 
the characteristic curves shown on Figure 5-28, 
plate voltage 1250, plate current 0.175 amp, find the 
power output, load resistance, plate efficiency, grid 
bias, and excitation voltage for Class C telegraph 
operation. 

Solution: The peak plate current can be found 
from the d-c plate current specified: if, max = If/ 
0.27 = 0.175/0.27 = 0.648 amp. The constant 0.27 
is explained in Section 5-4c. This plate current 
must be attained at the point where the plate voltage 
and positive grid voltage are eciual. From Figure 
5-28 it can be seen that the re(|uired values are: 

Cf, min = 138 volts 
Cf. max = 138 volts 

The output current is determined from the peak 
plate current just found, and the factor given in 
Section 5-4a as 0.46 X 0.648 amp = 0.208 peak amp. 
which is converted to rms in the usual way: 0.707 
X 0.208 = 0.211 amp. 

The output voltage is the difference between the 
pl«ite voltage and the minimum instantaneous plate 
voltage, or 1250— 138 = 1112 volts peak. This 
also can be converted to rms, becoming 0.707 X 1112 
= 785 volts rms. 

The power output can be found conveniently from 
the peak output voltage and peak output current as 
in previous examples: J peak volts X i)eak amperes, 
or i (1112) (0.298) = 166 output watts. If rms 
values are used for the ouli)ut voltage and output 
current, the factor 4 is omitted, thus: 

Power output = 785 X 0.211 = 166 watts 

The plate efficiency is, as usual, the output power 
divided by the plate input, or 165/( 125() X 0.175) 
= 75.8 percent. (This efficiency is higher than that 
shown on Figure 5-24 because of the higher plate 
voltage.) 

The plate dissipation is the difference between 
input and output, or 218.5 — 166 = 52.5 watts plate 
loss. 

The required loading may be expressed as a re¬ 
sistance and is determined by dividing the output 
voltage by the output current: 

= 1112/0.298 = 3730 load ohms 

The grid bias for Class C operation is not critical 
but should be at least twice cutoff; that is, 2(Elf/fi) 
= 2 X 1250/25 = 100 volts. Slightly higher values 
may be used with beneficial results. 

The peak excitation voltage again must exceed 
the grid bias by the required peak positive grid 
voltage; that is, it e(|uals 138 -f 100 = 238 peak grid 
a-c input volts or 0.707 X 238 = 168 rms grid input 
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PLATE VOLTAGE 


Fk;. 5-28. Plate characteristics of 20.M tube. 


volts. Of course, with liigher bias more excitation 
voltage will be needed. 

Example: Class C Amplifier-Telephone—The 
tube of Figure 5-28 is to be plate-modulated 100 
percent. The carrier plate input is 0.100 amp at 
1000 volts. Solve for the bias, excitation voltage, 
output voltage, approximate plate efficiency, and 
plate dissipation. 

Solution: This problem is solved by determining 
the conditions for saturation at the highest plate 
voltage reached, namely, 2000 volts. (Twice the 
unmodulated value.) At this voltage, the plate 
current will be increased to twice the unmodulated 
value, or 0.200 amp; thus the peak value, by the 
method just used, is .200/.27 = 0,74 amp. Note that 
this peak plate current is more than sei^en times the 
current shown on the plate ammeter. Inability to 
produce this high current is sometimes the reason 
that old tubes may deliver the carrier power but fail 
to modulate properly. 

The peak plate current is, as before, to be at¬ 
tained with a grid voltage equal to the plate voltage, 
i'rom the characteristic curves we find the required 
values; this time: 

Cl, min = l.SO volts = Cf. max 

The output current again can be found from the 
peak plate current and the constant 0.46, which 
gives 0.341 amp output peak current. 

The peak output voltage found, as in example 1, 
is 2000 — 150 = 1850 peak volts or 0.707 X 1850 
= 1308 rms output volts. 

The values already found give the power output: 
as before, Po„t = 1 peak volts X peak ampere = i 
X 1850 X 0.341 =315 watts. This is the power de^ 
livered on a positk'e modulation peak (at the instant 
the plate voltage reaches 2000 volts). The carrier 


output (at 1000 volts ])late voltage) w’ill be one 
quarter of this amount, or 78.8 watts. 

The plate efficiency may be computed either at 
carrier output or at a positive modulation peak—the 
value is the same as far as can be determined by a 
simple solution. Dividing output by input: effi¬ 
ciency = 315/( 200 X 0.2) = 78.8 percent. 

This value is somewhat higher than that given on 
Figure 5-24 because the loading is lighter (load re¬ 
sistance is higher) and the bias is greater. 

7'he grid bias recommended is twice cutoff at the 
highest plate voltage, or four times cutoff at the 
carrier plate voltage: 

— = — 4( 1000)/25 = — 160 volts bias needed 

Again the excitation voltage must be greater than 
the bias by the amount of the positive grid voltage 
required: 150-1- 160 = 310 volts peak a-c grid in¬ 
put, or 210 rms volts grid input. 

The load resistance is determined by dividing the 
output voltage by the output current: 1850/0.341 
= 5420 load ohms. 

At carrier output, the plate dissipation is watts 
input minus watts output, or approximately (1000 
X 0.100) — 78.8 = 21.2 watts plate loss. Under sus¬ 
tained modulation, this may be increased by 50 per¬ 
cent, making the highest plate dissipation to be 
anticipated 31.8 watts. 

Example: Frequency Doubler Class C—It is de¬ 
sired to operate a 203A tube as a frequency doubler 
at a plate voltage of 1000 and a plate current of 
100 ma. Determine the output, plate efficiency, bias, 
and excitation voltage. 

Solution: As has been stated, frequency doublers 
are not operated at the saturation point because of 
the excessive driving power required to do .so. Ac¬ 
cordingly, we will assume a peak output voltage of 
only 75 percent of the plate voltage. This will pro- 
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duce a plate efficiency of about 50 percent which is 
a reasonable value. Thus wc assume a peak output 
of 750 volts. In conseciuence the minimum plate 
voltag^e becomes — 750 = 1000 — 750 = 250 volts. 

The peak plate current to be attained can be de¬ 
termined by dividing the d-c plate current by 0.185, 
that is, 0.100/0.185 = 0.54 amp. This current is 
reached when the plate voltage readies its 250-volt 
minimum value (found above). From the charac¬ 
teristic curves shown in Figure 5-28, it is seen that 
a grid voltage of -f 107 volts is necessary. To op¬ 
erate satisfactorily as a doubler, the plate current 
flow must be restricted to 90 electrical degrees. 
This means that the grid voltage must pass through 
cutoff at the angles of 225°, reach a maximum of 
107 volts at 270°, and on returning pass through 
cutoff again at 315°. Cutoff is, of course, found by 
dividing the plate voltage by the amplification con¬ 
stant. Fortunately, the plate voltage is equal to the 
applied plate voltage at both times, whereupon cut¬ 
off hms = Ei/fi = \00i)/2S = —40. These values 
can be seen on Figure 5-27 but this is not the de¬ 
sired value of working bias. I'hc excitation re¬ 
quired to produce these conditions is determined 
from the equation: 


Cc peak 


(e„ max) — (AV cutoff) 
r-f sin 225° 


U)7 - (- 40) 
1 - 0.707 


= 501 


peak r-f grid input volts. However, the grid is to 
go positive by only 107 volts; hence the required 
grid bias is 107 — 501 = — 304 volts bias. Note 
that this bias is nearly ten times cutoff. With lower 
bias the plate efficiency and output would fall 
rapidly. 

The current output is; ij, max X 0.271 = 0.54 
X 0.271 = 0.145 peak amp, hence: 

Power output = i (0.145) (750) = 54.7 watts 

"J'he plate efficiency is found by dividing this by 
the plate input: efficiency = 54.7/(1000 X 0.100) = 
54.7 percent. This efficiency is typical of frequency 
doublers zvhen operated zvith sufficient bias. If 
higher plate current (and higher output) is de¬ 
sired, even higher bias will be required. To keep 
the bias to a reasonable figure, it is necessary that 
tubes having a high amplification factor be used, 
such as the one chosen for this example. Because 
of the high excitation voltage required, doublers do 
not contribute, as a rule, much voltage amplification. 
A moderate amount of power amplification may be 
secured, but because of the comparatively low plate 
efficiency, it is inadvisable to operate the final stage 
of a transmitter as a doubler. 

Example: Frequency Tripling Class C Amplifier 
—A 203A tube is to be operated as a frequency 
tripler. The input is to be 0.050 amp at 1000 volts 
(experience having indicated that greater input will 


require excessive bias voltages), with the expecta¬ 
tion of realizing an output of about 25 watts. 

Solution: As has been mentioned, frequency mul¬ 
tipliers arc not operated at the saturation point be¬ 
cause to do so would require excessive driving 
power. Arbitrarily limiting the output voltage to 
75 percent of the plate voltage, we assume that peak 
output = 750 volts, hence e min = 1000 — 750 = 250 
volts. 

The peak plate current can be found by dividing 
the d-c p’ate current by the factor 0.112; that is, 
0.50 amp 0.112 = 0.446 peak amp. As this plate 
current must be obtained with the minimum instan¬ 
taneous plate \nltage (found above) of 250 volts, 
by reference to the characteristic curves on Figure 
5-28, we find that a peak grid voltage of 4- 92 volts 
must be reached. To show the desired plate effi¬ 
ciency, it is iiecessary that the plate current flow in 
a fretjuency tripler be limited to not over 60 elec- 
tri« 0 degrees of every grid cycle (180 electrical 
degrees at the triple fre(|uency of the plate circuit). 
This means that the grid voltage must pass through 
cutoff at the electrical angle of 240°, reach a maxi¬ 
mum of 92 volts at 270° and on returning pass 
through cutoff again at 300°. Cutoff is, of course, 
found by dividing the plate voltage by the voltage 
amplification factor of the tube as in the doubler 
example and is again : cutoff = ■— 40 volts. These 
values can be seen on Figure 5-27. The excitation 
voltage reejuired to produce this condition may be 
found from the equation: 


Cc peak = 


Cy max — Ef, cutoff 
r+ sin 240° 


e„ max — /y cut off 
1 4- sin 240° ~ 


92 - (- 40) 

1 - 0.866 


= 985 volts 


The grid bias is equal to this voltage less the desired 
positive grid swing of 92 volts, or 92 — 985 = — 893 
bias volts required. Thus the bias is nearly as great 
as the plate voltage (negative, of course) and the 
excitation voltage is actually greater than the output 
voltage. The extremely high bias required indicates 
that it is impractical to obtain any apiireciablc 
amount of power with freiiuency tripling. The 
peak output current obtained with this bias is ip max 
X 0.172 = 0.446 X 0.172 = 0.076 peak output amp. 
The output voltage was initially taken as 750. 
Power output = J X 750 X 0.076 = 28.8 watts. 

The plate efficiency may be determined easily as 
watts output/watts input =28.8/1000 X 0.050 = 57.6 
percent. This output and efficiency can be obtained 
only with the very high bias already computed. 
With less bias, the output jiower will be greatly 
reduced even though the plate input may be higher. 

5-4e. Practical Adjustment of Class C Ampli¬ 
fiers —1. Intermediate Stages —After neutralization 
apply reduced plate voltage and tune the tank circuit 
for minimum plate current. After reaching the 
proper setting, the plate voltage may be raised to 
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the full value. Now check the grid current. If no 
meter is provided, it is advisable to connect one in 
the circuit temporarily. Adjust the excitation tap 
on the preceding amplifier (or oscillator) until the 
grid current is the amount recommended by the 
manufacturer for Class C service. 

This procedure is followed through on each inter¬ 
mediate stage, in succession. 

2. Frequency MuUipliers —In adjusting frequency 
multipliers, it is essential to have sufficient bias volt¬ 
age and excitation. If grid leak bias is used, both 
will be obtained more or less automatically if the 
grid current is kept at the proper point by adju.sting 
the excitation control or tap on the preceding stage. 
If fixed bias is used, it should be adjusted with the 
aid of a voltmeter. After obtaining the desired 
bias, correct excitation can be approximated by ad¬ 
justing the excitation tap until a small amount of 
grid current is indicated. With full bias and full 
plate voltage (reduced plate voltage if the plate cur¬ 
rent is dangerously high when off resonance) tune 
the tank circuit for minimum plate current. As 
two or more points of minimum current are some¬ 
times found, it is necessary to identify the proper 
point by using a wavemeter coupled loosely to the 
tank coil. When minimum plate current has been 
located at the proper harmonic, adjust the grid 
excitation for maximum output. 'Phis can be done 
most easily by noting the deflection on the wave- 
meter. Note: A heterodyne type of frequency 
meter should not be used for this purpose. The 
absorption type wavemeter, consisting of a con- 
den.ser, coil, and current indicating device, should 
be used. 

3. Final Amplifiers — Telegraph —After neutrali¬ 
zation, apply reduced plate voltage, and, with the 
antenna circuit open, tune the tank circuit for mini¬ 
mum plate current. Shut off the plate voltage, and 
close the antenna circuit, using loose coupling. 
Apply reduced plate voltage and tune the antenna 
circuit for maximum antenna current. When the 
correct point has been found, gradually tighten the 
coupling until the plate current is the same fraction 
of the desired plate current as the reduced plate 
voltage is of the full plate voltage. Now apply full 
plate voltage and make final adjustment to the coup¬ 
ling until the desired plate current is drawn. After 
each change to the coupling, it may be necessary to 
retune the tank circuit slightly for minimum plate 
current. When finished, note the grid current. 
Adjust the excitation tap (or other control) until 
the grid current is the value recommended for the 
tube type in use. If the excitation was far from 
the correct value, it may now be necessary to re¬ 
adjust the antenna coupling to hold the desired plate 
current. 

4. Final Amplifiers—Telephone {Plate Modu¬ 
lated )—After neutralization, apply reduced plate 
voltage, and, with the antenna circuit open, tune the 
tank circuit for minimum plate current. Disconnect 


the plate voltage, close the antenna circuit, and ad¬ 
just for loose coupling. Again apply reduced plate 
voltage and tune the antenna circuit for maximum 
antenna current. When obtained, gradually tighten 
the coupling until the plate current has the same 
relation to the desired plate current as the reduced 
plate voltage has to the full plate voltage. (For 
example, if the plate voltage has been reduced to 
one-half adjust the coupling until the plate current 
is likewise one-half of the desired amount). After 
each change in coupling, it may be necessary to 
make a slight readjustment to the tank circuit for 
minimum plate current. Now apply full plate volt¬ 
age and note the grid current. (A grid current 
meter is essential for proper adjustment of a Class 
C modulated amplifier.) Adjust the excitation con¬ 
trol until the grid current is at the point recom¬ 
mended by the manufacturer (ff the tube for Class C 
plate modulated service. After obtaining the cor¬ 
rect grid current, it may be necessary to make a 
final adjustment to the coupling in order to bring 
the plate current back to the exact amount desired. 

Final adjustment of the grid excitation should be 
made by an actual modulation test. Insufticient 
excitation will cause a flattening out on the positive 
modulation peaks. This may be observed on an 
oscilloscope or, if apparatus is available, the distor¬ 
tion may be measured. The excitation should be 
adjusted until the amount is found which produces 
the best wave shape (lowest distortion) at approxi¬ 
mately 90 percent modulation. 1'he grid current 
should be carefully noted and maintained at the same 
value thereafter. I'his grid current may be higher 
than that recommended by the manufacturer as ex¬ 
perience often shows a moderate excess of excita¬ 
tion gives better results. 

Lacking proper instruments, a crude test of the 
excitation can be made by noting the Class C jdatc 
current during modulation. Up to 80 or 90 percent 
modulation, the plate current should be entirely 
steady. When the modulation exceeds 100 percent, 
the plate current should rise. A dip in plate cur¬ 
rent indicates either insufficient excitation, a defec¬ 
tive tube, or low filament voltage. (A slight dip, 
5 percent or less, may be experienced if Class B 
modulators are used and the modulator load causes 
a drop in the Class C amplifier plate voltage.) 

5-5. Vacuum Tube Oscillators —A vacuum 
tube is capable of serving as an oscillator because 
of its ability to amplify. Since the output of the 
tube is greater than the input, it is possible to return 
a portion of the power from the tube’s output cir¬ 
cuit to the grid and thereby make the tube supply 
its own excitation. Provided that the voltage fed 
back to the grid is of sufficient magnitude and is in 
tlie correct phase relationship with respect to the 
voltage across the plate-circuit load impedance 
(approximately 180®), the circuit will oscillate. 
This type of oscillation is known as regenerative 
oscillation. 
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An oscillator usually serves as a source of r-f or 
audio power. For reasons of efficiency, it is nor¬ 
mally operated with a high value of grid bias, such 
as in a Class C amplifier. The bias is commonly ob¬ 
tained by means of a gridlcak, because gridleak pro¬ 
vides low (or zero) initial bias and permits quick 
oscillator starting when power is applied; otherwise 
no plate current would flow as a result of the high 
bias. As soon as oscillations start, the bias auto¬ 
matically assumes its normal value. 

The plate efficiency of an oscillator is lower than 
a similar amplifier since the oscillator must supply 
excitation to its grid circuit. The efficiency of a 
well-designed oscillator will be in the order of 50 
percent. 

A regenerative oscillator operates when the grid 
exciting voltage is sufficiently large and of such a 
phase relationship that it is approximately 180° 
displaced with respect to the voltage in the output 
circuit. Since the two ends of an inductor nor¬ 
mally assume an opposite polarity, an obvious 
method of obtaining such a phase relationship is 
to employ an inductor, one end of which is con¬ 
nected to the plate and the other end to the grid of 
the oscillator tube. This inductor may then be 
tuned to the desired operating frequency by means 
of a suitable condenser. The cathode must be con¬ 
nected to an intermediate point of this tuned cir¬ 
cuit, and suitable blocking condensers and choke 
coils arc employed to isolate the d-c and a-c volt¬ 
ages. Several practical oscillators employ these 
basic ideas. 
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5-5a. The Hartley Oscillator —In the Hartley 
oscillator the cathode connection is made to a tap on 
the coil. Figure 5-29 shows the shunt-feed form 
of this circuit. At low frequencies, the a-c grid and 
plate voltages are approximately proportional to the 
sections Lg and Lp, respectively, but at high fre¬ 
quencies the stray capacitances complicate the cir¬ 
cuit, adding numerous paths which do not appear in 


this simple diagram and which make it difficult to 
maintain the desired phase relationship between grid 
and plate voltages without resorting to certain 
“dodges'" such as independently variable plate and 
grid condensers which destroy the single-control 
feature of this circuit. However, this is an effect 
encountered with all oscillators at high frequencies. 
The Hartley circuit, nevertheless, remains one of 
the most tractable of oscillators. Incidentally, this 
circuit is not an inductively coupled feedback ar¬ 
rangement in the ordinary sense; the coil may be 
divided and the two sections shielded from each 
other without stopping oscillations entirely, pro¬ 
vided the experiment is made at a reasonably low 
frequency wliere the extra cai)acitances and wire 
lengths are not objectionable. 
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5-5b. The Colpitts Oscillator —In Figure 5-30 
is shown the Colpitts version of the same general 
idea. In this circuit the cathode connection is made 
to the common point of the tuning condensers, that 
is, the Colpitts circuit uses two condensers in series 
across one coil, in contrast to the Hartley circuit 
which uses two coils across one condenser. 
Whereas in the Hartley circuit the feedback is con¬ 
trolled by changing the relative inductance of Lp 
and Lg, control in the Colpitts circuit is accomplished 
by changing the relative capacitance of the two con¬ 
densers. 'J'hus in the former circuit a tap is moved 
on a coil; in the latter circuit two condensers arc 
adjusted. 

1^-ach of these circuits can claim superiorities. 
From the operator's standpoint the Hartley circuit 
is less convenient to adjust as to feedback but 
simpler to tune, though neither side of the con¬ 
denser is at ground potential and hence an insulated 
shaft drive must be used or hand capacitance will 
be encountered. In practice certain advantages are 
obtained by use of the Colpitts circuit since a vari¬ 
able inductance can be used over a wide frequency 
range with fixed condensers without disturbing the 
feedback voltage ratio. 
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5-5c. The Meissner Oscillator —An oscillatory 
circuit of the rej^enerative type which is sometimes 
encountered unintentionally is that of Meissner. 
This resembles the Hartley circuit except that the 
coils Lp and are not tuned but are coupled to an 
external circuit which is tuned. At times an r-f 
amplifier unintentionally has both its grid and its 
plate circuit coupled to a near-by pipe or wire in 
such a manner as to produce* a Meissner-circuit 
“parasitic** oscillation. Because of the higher fre¬ 
quencies employed today, this circuit is seldom used 
intentionally, simplicity being a main requirement 
at high frequencies, and it is to be remembered that 
the Meissner circuit was devised when 540 meters 
was a “short wave.** The Colpitts oscillator is 
somewhat less subject to parasitic oscillation than 
the Hartley circuit, but either is subject to the 
Meissner type. 
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Fk.. 5-31. Ultraudion oscillator. 


5-5d. The Ultraudion Regenerative Oscillator 

—The ultraudion circuit (frequently miscalled 
“ultra-audion”) is historically one of the oldest of 
all oscill.ators. Several circuits are known by this 
name, which is correct as they were described origi¬ 
nally under a common name, and all have common 
features. In Figure 5-31 is shown one form which 
may be thought of as a cross between the Hartley 
and Colpitts circuits and may at first appear in¬ 
operative. Another form which is in extensive use 
for low-power high-frequency oscillators is obtained 
by adding a second coil between the upper ends of 
Ca and Cp, removing the plate stopping condenser 
and choke, and feeding the plate supply through this 
second coil. This is an exceptionally vigorous os¬ 
cillator at high frequencies. The tuning can be 
accomplished either .at Cv or Ca. 

5--5c. The Tuned-plate Tuned-grid Oscillator— 
We come now to another early and very useful 
oscillator of the regenerative type developed by 
E. H. Armstrong and commonly known as the 
“tuned-plate, tuned-grid,** or “TPTG.** Its two 
tuned circuits are independent except as coupled 
through the interelectrode plate-grid capacitance of 
the tube. Figure 5-32 shows a shunt-feed form, 
but one of the merits of this circuit is its ability to 


use series feed without causing the tuning con¬ 
densers to become “hot** on their rotor sides, at 
either r.f. or d.c., thus eliminating the necessity for 
r-f chokes. However, the principal merit of this 



circuit is that the required feedback phase is more 
easily estahlislied through the ability to tune the 
grid and plate circuits independently, thereby pro¬ 
viding any desired impedances. The two circuits 
are not working at the same natural frequency; it is 
necessary that the tuned-plate circuit be inductive 
in nature, hence nonresonant, but nearly so. 1 f a 
high ratio of C to L is used, good stability and good 
efficiency arc possible at the same time. If the 
tuned grid circuit takes the form of a quartz crys¬ 
tal, this circuit is our familiar crystal-controlled 
oscillator of Figure 5-33, by means of which many 
stations—commercial and amateur—are controlled. 
No basic change is introduced by substituting a 
tetrode or pentode as the reduced feedback is more 
than balanced by the greater sensitivity of such 
tubes. Another interesting variant is the replace¬ 
ment of the tuned grid circuit by a semiresonant 
choke coil. This arrangement of a tuned-i)late and 
semi-tuned grid offers single control as its main 
merit. 



Fig. 5—33. Triodc crystal oscillator, a mollification of the 
tuned-grid, tuned-plate oscillator. 

5-5f. Electron-coupled Oscillators— In the cir¬ 
cuits described thus far, it is necessary to couple the 
load to the frequency-determining portion of the os¬ 
cillator. Under these circumstances, any external 
change, such as a swinging antenna or the keying 
of a subsequent amplifier, may cause the frequency 
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Fig. 5—34. In the electron-coiipletl oscillator, shown 
above, the screen of the tetrode acts as the plate in a Hartley 
oscillator arrangement. Output is taken from the regular 
plate circuit, usually from a tank circuit tuned either to 
the fundamental or a harmonic freijuency. Since the screen 
is at r-f ground potential due to Ch, the oscillator frciiuency 
is not greatly altered by changes in the plate loading. 

of the oscillator to change. Chang^es in the plate 
voltag'e of the followings amplifier also reflect on 
the frequency of the oscillator to an undesirable 
extent. The Dow* electron-coupled oscillator is 
comparatively free from such difficulties. 1'he 
electron-coupled oscillator, illustrated in 1^'igfures 
5-34, 5-35, and 5-36, makes use of a tetrode or 
pentode tube. 'I'he screen, control g^rid, and cath¬ 
ode form the three elements of a triode oscillator. 
The conventional oscillator circuit is modified by 
g^rounding: the screen (which corresponds to the 
plate of the oscillator) through a by-pass condenser. 
This has the effect of shielding the plate of the tube 
from the inner elements. Thus the jdate has no 
connection with, and is shielded from, the elements 
which generate the oscillations. The electrons 
which pass through the screen flow in jiulses deter¬ 
mined by the oscillations in the inner elements. 
This jndsating current develops power in the plate 
circuit load. Thus the only coupling between the 


oscillator and the load is the electron stream which 
escapes through the screen; from this fact is ob- 
tabled the name “electron coupling.” This coupling 
is one-way so that plate circuit conditions have little 
cfifect upon the frequency. To make full use of this 
effect, the circuit components must be carefully 
shielded and the tube’s screening action must be 
complete. In addition to the fre(|uency stability 
obtained by the elimination of coupling between 
oscillator and load, two other valuable advantages 
exist: (1) By properly proportioning the voltages 
on the screen (inner plate) arid plate, the frequency 
may be made independent of small changes in the 
supply voltagt The proportion may be maintained 
by supplying the .screen from a voltage divider, thus 
changing both voltages in proportion if the supply 
voltage shifts. (2) Substantial output can be ob¬ 
tained at harmonic^ of the o.scillator fre(|uency. 



Fig. 5-36. The Tri-tet oscillator, a crystal controlU’d 
form of the Dow electron-coupled oscillator circuit. The 
cathode tank circuit is tuned to about 125 percent of the 
crystal frequency; the plate tank (not shown) is tuned to 
either the cry.stal freiiuency or a multiple thereof. The 
lower end of the gridleak may be connected to ground in¬ 
stead of the cathode. 


ANT. 



Fig. .5-35. A frequency meter employing an electron-coupled o.scillator. 


Cj. Band setting 
Ca. Band spre.^d 
C3. 250 txfii 
C4. 0.1 fii 
C 5 . 0.25 fi{ 

Co. 0.05 fii 

L. Inductance, depending upon 


R,. 0.1 meg. Mi watt 

R*. 0.1 meg. 1 watt 

Rs. 0.5 meg. % watt 

R 4 . 0.5 meg. watt 

Rr. 50,000 ohms. 1 watt 
Re. 0.1 meg. 1 watt 
frequency range desired. 
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The data given below indicate the large amounts of 
harmonic power that can be obtained: 


Type 860 Elfxtron-coupled Oscillator 
(Plate voltage 2000 volts, screen 800 volts) 


Frequrncy 


Power Outupt 
{watts) 


Plate Efficiency 
(%) 


Fundamental. .85 42 

Second harmonic. 62 31 

Third harmon!:;. 51 . 25 

Fourth harmonic. 32 16 

Fifth harmonic. ..19 10 


It should be noted that grounding the screen grid 
results in the cathode operating above ground poten¬ 
tial at radio frequency. With filamentary-type 
tubes, the filament supply must be applied through 
r-f chokes. With certain heater-type tubes, the 
chokes are unnecessary, no damage resulting from 
the r-f voltage between heater and cathode. 

The high harmonic output of the electron-coupled 
oscillator has made it very convenient for use as a 
heterodyne frequency meter. Figure 5-35 shows a 
suitable arrangement for this service. For amateur 
use, the oscillator usually operates in the 1.75-nic 
band. This provides harmonics sufficiently strong 
to permit measurements up to 28 me. Only a single 
calibration is necessary, this point being transferred 
from band to band by merely multiplying the fre¬ 
quency by the correct harmonic number. Thus a 
beat on the setting for 1.765 me corresponds to 3.530 
in the 3.5-mc band, 7.060 in the 7-mc band, or 14.120 
me if the freciuency being measured is in the 14-mc 
band. When checking the frequency of a trans¬ 
mitter, the beat is heard in the headphones connected 
to the detector j)ortion of the meter. I f the calibra¬ 
tion of a receiver is to be checked, or a signal being 
received is to be measured, the beat is heard in the 
output of the receiver, and the detector associated 
with the frequency meter is not used. 

Similar devices are supplied to the Field Inspec¬ 
tors of the Federal Communications Commission 
for frequency measurements on shipboard. 

Pentodes can he used as electron-coupled oscil¬ 
lators if two conditions are met. First, the sup¬ 
pressor must be brought out to a separate pin con¬ 
nection and not he internally connected to the cath¬ 
ode. Connection of the cathode to the suppressor 
provides electrostatic coupling between the oscillat¬ 
ing circuit (of which the cathode is a part) and the 
plate. To obtain the full benefits of the electron- 
coupled circuit, it is essential that the suppressor 
be tied to the screen, thereby assisting the shielding 
action. Second, certain r-f pentodes are provided 
with an internal shield. If this shield is connected 
internally to the cathode, it will provide undesired 
electrostatic coupling by its capacitance to the plate. 
The type 78 receiving pentode is connected in this 
way and is therefore unsuitable as an electron- 
coupled oscillator. The type 77 has the internal 
shield connected to the suppressor and is therefore 
satisfactory since suppressor, internal shield, and 


screen can be tied together and grounded to provide 
an effective shield between the oscillating elements 
and the plate. 

5-5g. Dynatron Circuit —Examination of the 
characteristic curves of any tetrode will show that 
in the region where the screen voltage is about 
twice as high as the plate voltage (operation is nor¬ 
mally confined to the region where the plate voltage 
is the higher) an increase in plate voltage will cause 
a reduction of plate current. Such a result would 
be expected if the tube’s plate resistance were nega- 
tivc. If this negative resistance is connected in 
series with a resonant circuit, oscillations will be 
set up at a frequency determined solely by the cir¬ 
cuit. A tube connected in this manner is termed a 
dynatron oscillator and differs from all other types 
of oscillators in that there is no feed back of energy 
from the plate to the grid circuit. Although dyna- 
trons are very stable oscillators, the power that can 
be obtained from present-day tubes is very small. 
For that reason this oscillator cannot easily be used 
to control the frequency of a transmitter. Their 
main use has been as a fre(iuency meter. Even here 
the dynatron has been to a large degree replaced by 
the electron-couplcd oscillator. A typical dynatron 
frequency meter is shown on Figure 5-37. Note 
the potentiometer grid return and the cathode cur¬ 
rent meter. The error introduced by supply volt¬ 
age changes is reduced by adjusting the cathode 
current to the same value used when the instrument 
was calibrated. 

MA-O-5 MA MILLIAMMETER 



Fig. 5-37. Dynatron oscillat(»r suitable for use as a 
frequency motor. 

The dynatron oscillator is rich in harmonics, but 
not as rich as the electron-coupled circuit nor is the 
power output as great. 

5-6. Crystal-controlled Oscillators —In a crystal- 
controlled oscillator, the frequency of the oscilla¬ 
tions is determined by the piezo-electric effect of a 
quartz plate, which in effect is a tuned circuit of 
large inductance but very small resistance. The 
theory of operation of oscillating quartz belongs to 
the general subject of physics and will not be 
treated here. Briefly, when a section of quartz 
(properly cut from the crystal) is subjected to an 
electrostatic field, a mechanical strain is set up which 
distorts the shape. The opposite is also true—^a 
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mechanical strain in the crystal will produce a volt¬ 
age difference between the two faces. The me¬ 
chanical strains become large enough to produce 
appreciable voltages only when the crystal is vibrat¬ 
ing (mechanically) at one of its fundamental fre¬ 
quencies. Every crystal has two fundamental fre¬ 
quencies—one depending upon the thickness and the 
other depending upon the surface area. The thick¬ 
ness vibration has the higher frequency (since crys¬ 
tals are cut so that the thickness is less than either 
the width or length) and is used exclusively for 
high-frequency oscillations. The surface (or con¬ 
tour) vibration is much lower in frequency and is 
used only when very low frequencies are desired. 

When properly connected in a vacuum tube cir¬ 
cuit, as for example in Figure 5-33, the impulse 
produced by applying the plate voltage is sufficient 
to start oscillations in the crystal. If the plate 
tuning and feedback are satisfactory, oscillations 
will continue at the frequency determined by the 
crystal. The tuning of the output circuit (of 
course, if the tuning is too far out the oscillations 
will stop), the voltages on the tube, and the power 
taken from the tube have only a slight effect on the 
frequency. When reasonable precautions arc taken 
to keep these factors and the temperature constant, 
the frequency can be made very stable. 

5-6a. Crystal Holders —The most familiar 
mounting for crystals consists simply of a pair of 
flat electrodes between which the crystal is mounted. 
The electrodes are in contact with the crystal faces, 
and a slight pressure (0.1 to 0.5 ounces) is applied 
to prevent any erratic motion. Another form of 
holder is the “airgap” type. In it a space is left 
between the crystal and the upper i)latc. This short 
air column loads the crystal mechanically and 
thereby influences, to a small degree, the frc(iuency 
at which it will o.scillatc. By varying the airgap, 
the frequency can be shifted over a small range. 
As the airgap becomes too large, it becomes in¬ 
creasingly difficult to maintain oscillations and, as 
a consequence, the useful power output from the 
o.scillator is reduced. 

5-6b. Temperature Coefficient of Frequency— 

One of the most important characteristics of crystal 
oscillators is the frequency change due to the crystal 
temperature. Crystals may be cut from a parent 
crystal in several different ways. The principal 
difference between crystals cut in these different 
ways is the temperature coefficient of frequency, 
that is, how much the frequency changes for every 
degree change in crystal temperature. 

Crystals cut with their major surfaces normal to 
the y axis and parallel to the X axis and the Z axis 
are called F-cut. 

Apart from the relatively high temperature coeffi¬ 
cient of frequency, Y-cut crystals have the reputa¬ 
tion of being somewhat erratic in operation. This 
is explained to a certain extent by saying that the 
hamonics of the contour vibration sometimes fall 


close to the frequency vibration. As the tempera¬ 
ture coefficients of the two modes of vibration are 
different, the effect varies with temperature, intro¬ 
ducing a disturbing factor. As the temperature 
rises, the frequency may shift suddenly at certain 
points. For these reasons Y-cut crystals are not 
widely used. 



Fi<;. 5-.38. Orientation of X- and Y-cry.stal cuts. 

A somewhat superior crystal is obtained by cut¬ 
ting the plate normal to the axis (electric axis) 
with major surfaces parallel to the Y and Z axes. 
The.se crystals are known as X-cut crystals. The 
temperature coefficient of fretiuency of the.se crys¬ 
tals is about — 22 parts per million (0.0022 percent) 
per degree Centigrade. Tbe coefficient is negative, 
indicating that the freciuency decreases as the tem¬ 
perature rises. 

The fact that the temperature coefficients of X 
and Y crystals are opposite suggested that it might 
be possible to cut a crystal somewhere between them 
and secure a plate with a zero temperature coeffi¬ 
cient, that is, frecjuency would not change with 
temperature. A number of special cuts come very 
close to this ideal. The AT-cut (made by Bell 
Telephone Laboratories) and the RCA\s V-cut have 
temperature coefficients of ± 2 parts per million 
(0.0002 percent) per degree Centigrade. Such ex¬ 
cellent performance is only possible when the manu¬ 
facturing processes are held to very close limits, and 
consequently such crystals arc higher in price. Bell 
Telephone Laboratories have also developed other 
crystals, as follows: 

Crystal Cut Temperature Coeffident 

BT. ±2 

AC. -h20 

BC. -20 

5-6c. Frequency Changes with Temperature— 

Although the frequency change per degree is very 
small, many transmitters are likely to encounter 
such a wide range of temperature that the total 
change is considerable. Even transmitters installed 
in heated buildings may have a temperature range of 
50° C. In winter, temporary failure of the heating 
plant may easily send the temperature dowm to 
0° C (32° F). In summer, the warm weather plus 
the heat dissipated inside the transmitter may raise 
the crystal temperature as high as 60° C. (140° F). 
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'rransinitters on sliiphoarcl, aircraft, or those located 
in separate unheated houses may be subject to an 
even greater temperature range. 

Assuming 60° C, as the expected temperature 
range, the table below shows the frecjuency deviation 
that might result. The third column shows this 
deviation in percent, and the fourth column shows 
it in cycles at a freciuency of 1500 kc. 

Tempfraiurk Changf 60° C 


( rystal 

Fieq.Coef. Temp. 

Dev lation in 

Cycles at 

('lit 

Parts per Million 

Percent 

15(K) Kc 

Y 

-1-70 

0.420 

6300 

X 

-22 

0.132 

1980 

A 1 or \ . 

± 2 

0.012 

180 


5-6d. Constant Temperature Ovens —The fre- 
fjucncy deviations resulting from large changes in 
temperature exceeds the tolerance allowed by the 
Federal Communications Commission for many 
classes of stations. When it does, it is necessary to 
prevent the temperature change by enclosing the 
crystal, and preferably the tuned plate circuit of the 
crystal tube as well, in a constant-temperature oven. 
This is simply a well-constructed, air-tight compart¬ 
ment, having heat-insulated walls, and containing a 
thermostat and a small heater. The thermostat is 
adjusted to open its contacts at a predetermined tem¬ 
perature. It is necessary that this temperature be 
higher than the maximum outside temperature. 
1'his is due to the fact that the apparatus provided 
can warm the interior if it gets too cool, but it 
cannot cool it if it gets too warm. If the tempera¬ 
ture inside the compartment falls below the thermo¬ 
stat setting, the contacts close and current flows into 
the heater. This warms the compartment. When 
the proper temperature is reached, the contacts open 
and the current is shut off. As the compartment is 
above the outside temperature, heat is slowly lost 
through the walls. When the compartment has 
cooled again, the thermostat contacts again close and 
heat is again applied. Thus the inside temperature 
undergoes a continuous heating and cooling. The 
temperature range covered depends upon the sensi¬ 
tivity of the thermostat. 

For broadcast stations, the Commission retiuires 
that the crystal temperature be maintained within 
0.1° C for ordinary crystals or within 1° C if ap¬ 
proved low temperature coefficient crystals are used. 
Maintaining the temperature within 0.1° requires 
elaborate arrangements and very sensitive thermo¬ 
stats. Many stations have experienced difficulty in 
kecpitig the temperature that close and have changed 
to low temperature coefficient crystals. The limit 
of 1° can be held by a comparatively simple and 
rugged oven. In fact, several ovens are now avail¬ 
able which arc not much larger than a mounted crys¬ 
tal. They are fitted with plug-in connections, and 


can be removed and a spare oven (including a crys¬ 
tal) placed in operation in a few seconds. A suit¬ 
able mounting should be provided to supply power 
to the heater of the oven not in use, so it can be 
kept at the proper temperature ready for instant use. 


Low crystal 
elsetrods 



^Insulation 


Adjustable 

contact 



Fig. 5-39. Cut-away view' of tbe General Electric aii- 
gap type (i-30 therinocell for standard broadtasl station 
control. 

This is a distinct improvement of the old system of 
having two crystals (one in use anti the other for 
a spare) in the same oven. When this was clone it 
was practically impossible to have both crystals ex¬ 
actly on frequency at the same temperature. As a 
result, the oven temperature was set for the one in 
use. The spare crystal wxnild then be off frequency 
until the oven temperature could be changed. Then 
too, this arrangement did not provide for a failure 
in the oven heating circuits or thermostat. 

For services other than broadcasting, the Com¬ 
mission does not specify any temperature limits, nor 
is an oven specifically required. However, compli¬ 
ance with the spirit of the International regulation 
which requires all stations to maintain frequency as 
accurately as the state of the art permits might be 
interpreted to reiiuire an oven capable of maintain¬ 
ing the crystal temperature to within 1° C. Such 
ovens are reliable, small, and can be obtained at 
reasonable prices. On aircraft where weight is an 
important factor in determining the safety of the 
plane, and on police cars where the interference 
problem is not serious because of the limited power, 
it is impractical to install constant-temperature 
ovens. In these cases, low-temperature-coefficient 
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crystals may be employed to reduce the frequency 
deviations. 

5-6e. Frequency Drift —As quartz crystals are 
not perfectly elastic (no substance is) the rapid 
vibrations generate heat. This raises the crystal 
temperature when oscillations begin, causing the 
familiar drift in fre(iuency during the warm-up 
period. This drift cannot be completely eliminated 
by a constant temperature oven. When not oscil¬ 
lating, the crystal receives all its heat from the oven. 
Its temperature consequently will be equal to the 
oven temperature. When oscillating, the crystal is 
delivering heat to the oven. Its temperature conse¬ 
quently will be slightly above the oven temperature. 

To prevent this frequency drift from being un¬ 
desirably large, three things may be done: 

1. The crystal oscillator may be left running all 
the time, thus eliminating any warm-up period. 

2. The crystal oscillator may be operated at very 
low plate voltage, thus making the current through 
the crystal as well as the heating effect correspond¬ 
ingly low. 

3. A low temperature coefficient crystal may be 
used. 

The first suggestion is expensive (from a power 
consumption standpoint) and is often impractical. 
The second suggestion reejuires additional inter¬ 
mediate stages, thus complicating the tran.smitter 





•i i f 

Fig. S-40. Cut-away view of the Cicneral Electric G-31 
thermocell temperature controlled crystal and mounting em¬ 
ployed in General Electric F-M transmitters. Abtne a fre¬ 
quency of approximately 2500 kc, it is necessary to use the 
clamped type crystal holder as shown. The G-31 mounting 
is the same size as a 6L6 metal vacuum tube and mounts in 
a standard octal socket. The operating temperature of 60® 
C is reached from a cold start in 15 minutes. The tempera¬ 
ture is held constant to better than ± 1® C. The crystal is 
of the low-temperaturc-coelbcient type and may be ground 
to an accuracy of 0.0003; 0.0002, or 0.0001 percent, as 
required. 


design. The third method is by far the most prac¬ 
tical and is recommended. 

5-6f. Cr3rstal Oscillator Circuits —There are 
three circuit arrangements that are in general use 
for crystal oscillators. The circuit most often u.scd 
is shown in Figure 5-33. The circuit is the same 
for a triode or pentode, the only difference being 
the additional tube elements which are by-passed and 
operated at fixed voltages. This circuit is of the 
tuned-grid, tuned-plate type shown in Figure 5-32. 
The crystal takes the place of the grid tuned circuit. 
Feedback is obtained through the internal grid-plate 
capacitance of the tube. As the crystal is more ef¬ 
ficient than any tuned circuit the feedback capiicity 
reejuired is very small—about 1 /i/xf usually being 
sufficient. 



Fig. 5-41. Special crystal oscillator. 

C|—b'cedback—depends upon frc(iiiency—about 0.001 
C.J—By-pass—0.01 /4 f. 


Kadio-fretjuency pentodes (as distinguished from 
those inteniled for audio use) are so well shielded 
that it is usually necessary to add external grid- 
plate capacitance. For this reason, the less expen¬ 
sive audio type tubes are jireferred. 

I'he power output that can be obtained from a 
crystal oscillator is limited by the r-f current 
through the crystal. Authorities do not agree very 
well as to the safe current, but general opinion is 
that a current of 100 ma cannot be exceeded with¬ 
out danger of cracking the crystal. However, this 
amount of current is sufficient to cause considerable 
heating and unless low-temperature-coefficient crys¬ 
tals arc used the frequency drift may be excessive. 
It is suggested that ordinary crystals be limited to 
about 35 ma for this reason. 

When adjusting transmitters, it is suggested that 
a small 6.3-volt dial lamp be connected in series with 
the crystal. These lamps burn dimly at a current 
of 100 ma, show full brilliancy at 150 ma, and, it 
is to be hoped, burn out before the crystal is dam¬ 
aged. At any rate, a bright light indicates the 
crystal current is too high. 

Figure 5-41 shows a circuit used by Western 
Electric in small aircraft transmitters. It is a modi¬ 
fication of the ultraudion circuit. Conden.ser 
determines the amount of excitation, and the feed¬ 
back is directly through the crystal. The internal 



126 


RADIO MANUAL 


plate-grid capacitance is not needed, and the circuit 
is used with a well-shielded r-f pentode. As the 
entire output voltage plus the grid excitation voltage 
appears across the crystal, it is evident that the 
crystal current may be quite high. 

For this reason, the circuit cannot be recom¬ 
mended for general use. In the W. E. transmitters, 
the crystal current is kept low by the loading effect 
of the amplifier and, under these' circumstances, the 
circuit is well suited for aircraft service. Change 
from day to night frequency (or from the itinerant 
aircraft frequency to the frequency assigned to the 
particular airline) is effected by simply shifting 
crystals, and tuning the amplifier plate circuit. 
There are no tuning adjustments necessary in the 
oscillator circuit. 'J'his makes the entire transmitter 
very simple, compact, and foolproof. 

Figure 5-36 shows an electron-coupled form of 
crystal oscillator. This very useful circuit, due to 
J. J. Lamb, is said to consist of a triode oscillator 
followed by a tetrode amplifier, and thus has been 
named “Tri-tet,’* but comparison with Figures 5-34 
and 5-35 will show that the same claim could be 
made for the original Dow circuits. The Tri-tet's 
main feature is its crystal control. The crystal 
portion of the circuit is of the usual tuned-plate, 
tuned-grid form. As usual the crystal tunes the 
grid while the “plate** is actually the screen as in 
the Dow circuits. Incidentally, the Dow circuits 
(the noncrystal circuits) are shown with Hartley 
circuits but also work quite excellently with the 
TPTG arrangement. Such an arrangement would 
be the same as in h'igure 5-36 with the crystal re¬ 
placed by a tuned circuit. Thus the improvement is 
entirely due to the addition of the crystal—or per¬ 
haps to the addition of electron coupling in a crystal 
oscillator. Nevertheless, the Tri-tet is a useful cir¬ 
cuit, though limited to voltages at which a crystal is 
not endangered, while the original Dow circuit of 
Figure 5-34 not being crystal controlled, is not so 
limited, hence is often used with tubes of large size 
to drive directly the final amplifier of radio trans¬ 
mitters in services requiring a wide range of fre¬ 
quencies not easily met with crystals. 

5-6g. Adjusting the Frequency of Crystal Con¬ 
trolled Oscillators —Operators of composite ^ 
transmitters sometimes experience difficulty in ad¬ 
justing a crystal oscillator to the exact desired fre¬ 
quency, and some means of obtaining a small fre¬ 
quency change is desired. There are four methods 
commonly used. 

1. If the thermostat is provided with an adjust¬ 
ment, the temperature of the oven may be shifted 
slightly. It takes at least 3 hours, and frequently 
longer, for the frequency to respond to this adjust¬ 
ment. Unless very carefully done, the tendency is 
to change the temperature too much and overshoot 
the mark. 

7 The question of frequency adjustment of manufactured 
transmitters should be taken up with the manufacturers. 


2. A small capacitance of perhaps 20 /x/if maxi¬ 
mum may be connected across the crystal. Varying 
this capacitance will cause a slight shift in the fre¬ 
quency. This has the advantage that the frequency 
responds immediately. It has a serious disadvan¬ 
tage in that the frequency can be lowered but not 
raised. The capacitance must not be too large, or 
the crystal may lose control. 

3. Detuning the crystal plate circuit in the con¬ 
ventional crystal oscillator circuit has a slight effect 
on the frequency. I'his is not a good way of ad¬ 
justing frequency because the tank condenser should 
be set for minimum crystal current. 

4. The use of a crystal with a variable air gap is 
recommended as the best way of obtaining the exact 
desired frequency. 

After adjusting the frequency by one of the 
methods just described, it should remain very close 
to the exact value without any further adjustment 
for weeks at a time. If it does not, the method of 
frequency control is not satisfactory. It is not good 
engineering to make an adjustment to the frequency 
every day or two. 

5-7. Radio-frequency Interstage Coupling —In 

designing interstage coupling circuits, there are 
three points which must be considered: (1) the de¬ 
sired excitation voltage must be delivered to the 
grid of the following amplifier; (2) there must be 
no coupling between the interstage circuit and any 
other portion of the transmitter; and (3) there 
must be a path from grid to cathode having low 
impedance at ultra-high frequencies. The first re¬ 
quirement is obvious but the other two require ex¬ 
planation. If there is any coupling between the 
interstage circuit and any other portion of the trans¬ 
mitter, r-f feedback and consequently unstable 
transmitter operation may result. This may mani¬ 
fest itself as frequency shift, bad note, key clicks, 
or a tendency to self-oscillation. In phone trans¬ 
mitters, the amount of feedback may change as a 
function of modulation so that no difficulty will be 
detected until modulation is applied. Such difficul¬ 
ties are very troublesome to locate and correct and 
should be avoided, as far as possible, by the use of 
suitable circuit arrangements. The third require¬ 
ment is intended to reduce the tendency toward 
parasitic oscillations. At ultra-high frequencies, the 
reactance of even a few inches of wire may be suf¬ 
ficient to cause the generation of a parasitic 
oscillation. 

Figure 5-42 shows the simplest type of coupling 
between the plate of one tube and the grid of the 
next amplifier. Requirement (1) must be satisfied 
by selecting tube types and operating voltages such 
that the full output voltage of the driving tube is 
equal to the desired excitation voltage for the 
following stage. With the wide variety of tubes 
now available, this does not present any serious 
difficulty. 
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Requirement (2) is more difficult to satisfy. For 
one thing-, points A, B, and F must be grounded by 
separate short leads to a single ground point. The 
common practice of running grounds to the chassis 
at the nearest point produces coupling between the 
ground returns of the several stages, thus introduc¬ 
ing regeneration and instability. This is not as 
serious when the stage is operated as a frequency 
doubler, but it is always undesirable. Another re- 



Fig. 5-42. Simplest t>pe of interstage eoupling. 


(juirement of (2) is that the shaded area on I'igure 
5-42 be kept as small as possible Any r-f field 
passing through this area will induce a voltage on 
the grid of the amplifier tube. As such a field is 
generated by the tank coils and wiring of the other 
stages, and also by the antenna, it forms a type of 
feedback that cannot be eliminated by neutraliza¬ 
tion. The area shaded wdth full lines is especially 
susceptible because of the voltage step-up action of 
the tuned circuit. 



Flu 5-43. This coupling circuit favor.s 
parasitic oscillations. 


Feedback from stray fields can be reduced by em¬ 
ploying suitable shielding between the stages. With 
this particular circuit, a precaution must be observed 
with respect to passing r-f conductors through the 
shield. It is natural simply to pass the lead X-Xi 
through a hole in the shield. The shield then acts 
as the short-circuited secondary of a one-turn trans¬ 
former. The lead X-Xi is the primary. This cre¬ 
ates a comparatively heavy r-f current in the shield 
around the hole and will introduce losses. The cor¬ 
rect construction is to run both leads X-Xi and 
G-F through the same hole. As the r-f current in 


these two wires are equal and opposite, no current 
should be induced in the shield, thus eliminating the 
losses. Requirement (3) is satisfied by making the 
leads AT-Xj, B-G, and F-G as short as possible. 
(These three leads are the principal reactance be¬ 
tween grid and cathode at ultra-high frequencies.) 

Figure 5-43 shows a coupling arrangement some¬ 
times employed when the output voltage of the driv¬ 
ing stage is greater than desired for exciting the 
next stage. The excitation is varied by simply 
changing the position of the tap on the coil. This 
forms a simple means of satisfying requirement (1). 
Observing the precautions given for the circuit of 
Figure 5-42 will satisfy requirement (2), but it is 
on requirenunt (3) that the circuit fails. The path 
from grid to cathode cannot have the necessary low 
impedance at high freciuencies because a portion of 
the preceding plate tank coil is in the circuit. The 
reactance of this coil increases with the frequency, 
pruducing a high grid-to-cathode impedance. This 
condition is favorable to ultra-high frequency para¬ 
sitic oscillations and trouble may be expected. For 
this reason, the circuit should be avoided. 



Fio. 5-44. Excitation may be controlled by dividing the 
tank condenser into two sections, Cl and C2 must tunc L 
to the desired frequency. 

The arrangement of Figure 5-44 overcomes the 
objection to the circuit of Figure 5-43 by tapping 
on the tank condenser instead of the tank coil. 
With short leads this arrangement satisfies all the 
requirements. The precautions with respect to 
grounding and .shielding mentioned for the circuit 
of Figure 5-42 must be observed. 

Figure 5-45 is a modification of the circuit of 
Figure 5-43. Although the inductive coupling 
eliminates the need for careful arrangement of 



Fig. 5-45. Although this circuit is superior to Figure 5-43, 
it does not meet requirement No. 3. 
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ffround leads, it docs not meet reciuirenient (3) and 
for this reason is not rcconiniended. 

Figures 5-46 shows a form of coupling? which 
satisfies requirement (1) very well. Using: two 
variable condensers, as shown, the excitation voltajfe 
can easily be adjusted to the desired value. The 
area R must be kept as small as possible, and the 
gfrounds must be run separately as shown. Require¬ 
ment (3) can be met if the circuit elements are 
located close enouj^h to permit short leads. 

In the five circuits just described, the require¬ 
ments can be met only when all connections arc 
as short and direct as i)ossiblc. This means that 
the two stag^es must be located very close tofjether. 



Fig. 5—46. A satisfactory interstage coupling arrangement. 

This is not always possible, nor is it always desir¬ 
able. Apart from mechanical considerations, the 
dissifiation of heal retjuires that the tubes be amply 
separated atul well ventilated. Jt has recently be¬ 
come popular to use short transmission lines between 
the various stag^es. This arrangement is shown in 
Figure 5-47. Twisted pair is mo.st frequently u.sed 
for the link which joins the stages. Such pairs 
have considerable losses at ultra-high fre(|uencies, 
but these become small for short lengths. The char¬ 
acteristic impedance of such conductors ranges from 
50 to 200 ohms, depending upon the dimensions of 
the conductors and the character of the insulation. 
For high power, concentric transmission line is con¬ 
venient and efticient. For such .short distances, a 
large mismatch of impedance has a negligible effect. 


Satisfactory results are secured by using a 1- or 2- 
turn link tightly coupled to the tank inductances. 
With this link coupling, proper excitation voltage 
can be secured by changing the position or number 
of turns in either coupling coil. This type of 
coupling lends itself to shielding very well because 
the transmission line can be run through a small 
hole in the shield with very small losses. The 
principal advantage is the fact that it becomes pos¬ 
sible to keep all connections extremely short without 
crowding tlie stages together. Note that it is not 
neces.sary to run separate ground leads to the same 
ground point. In this circuit the ground wires do 
not carry r.f. and arc provided merely as a safe¬ 
guard. If one side of the transmission line is 
grounded, the line acts as an effective electrostatic 
.shield between the stages. This greatly reduces the 
transfer of energy at frequencies other than the 
fundamental which is highly beneficial, as it pre¬ 
vents the transfer of parasitic energy from stage to 
.stage.** This improves the stability of the trans¬ 
mitter to .such an extent that many transmitters em¬ 
ploy this type of coupling between each stage even 
where the transmission lines are only a few inches 
in length. 

5-8. R-f Amplifier Output Circuits—In one 

sen.se there is no distinction between interstage and 
output coupling devices, since both are intended to 
transfer the r-f output of a vacuum tube to its load. 
For the interstage device the load consists of the grid 
circuit of the next tube, the .stray losses of the cir¬ 
cuit, and in .some cases a resistor connected to the 
inter.stage coupling device for the purjiose of sta¬ 
bilizing the impedance of the load. For the output 
device, the load consists, usually, of an antenna. 
The interstage coupling circuits of a transmitter 
have a relatively simple task to perform—to drive 
the following grid hard enough .so that a certain 
plate current shall appear. Adjustment which will 
produce that plate current is usually satisfactory; 

s Although thi.s reduces the harmonic in the excitation, it 
does not have any appreciable efilect on the harmonics in the 
final amplifier output. R-f harmonics that arc radiated arc 
generated in the final amplifier and their reduction in previ¬ 
ous stages will have no eflect. 



Fig. .5—47. “Link” coupling permits short leads without crowding the stages. 
The link may be any length. Ordinary twisted pair may be used for short dis¬ 
tances with low power. 
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the nature of the load is well known, and ample 
power for feeding it is readily provided. 

The following pages consider the final-stage out¬ 
put device which feeds the antenna. Considerable 
discussion is justified by the importance of this 
particular coupling wliich is called upon to make 
proper use of the relatively large power produced by 
the final-stage tubes, by which is meant a suitable 
suppression of harmonics and a transfer of the 
major portion of the output to a load which is never 
exactly predictable—the antenna. These rcciuirc- 
ments result in a coupling device between the final 
tubes and the antenna which has larger adjustment 
range than is necessary in the intertube couplings; 
frequently the adjustments are more numerous as 
well. 

5~8a. The L/C Ratio of the Plate Tank Circuit 

—Before going to the unavoidable mathematical 
treatment of the tuned plate circuit in the follow- 
ing pages, it is useful to consider the effect of 
changing the relative i)roportions of the coil and 
capacitance. 

It is, of course, possible to tune to the same fre¬ 
quency with a large coil and small condenser, or a 
small coil and large condenser. At the same lime it 
seems that there must be an optimum combination. 
This is true, but the same combination is not best 
for receiving and for transmitting, since the require¬ 
ments are different. 

In the case of the receiver we arc u.sually work¬ 
ing with small voltages; even at the last stage 
of the i-f amplifier 10 volts make a large signal. 
Thus the problem is to get all possible amplification 
consistent with the limitations of selectivity and 
noise. Accordingly the intcr.stage transformers are 
proportioned to secure high voltage gain. Thus, in 
a tunable r-f stage working (for the moment) at 
1000 kc a voltage gain of 100 times or more is 
expected, even though the necessity of tuning over 
a considerable range compels the use of a variable 
tuning condenser whose capacitance is higher than 
would be chosen for a fixed 1000-kc amplifier. 
Thus the idea here is to use as small a condenser 
and as large a coil as is reasonably convenient. In 
the fixed-frequency i-f amplifier of superheterodynes 
this idea is carried quite far, with high gains 
resulting. 

In the case of the transmitter the r-f stages are 
working under Class B and Class C conditions. In 
general, the voltage gain of Class B and C stages 
is smaller than for Class A stages, whereas the 
grid-input power and the plate-current distortion are 
larger. Thus the interstage device has a different 
task than in Class A r-f amplifiers. An actual load 
is being fed and there is need of correcting the plate 
current distortion of the driving tube. Considera¬ 
tion of the effects in detail are discussed later in 
this chapter, but for the moment it is helpful to con¬ 
sider qualitatively the consequence of changing the 
proportions of L and C in such Class C and Class B 


r-f work. Recalling from earlier paragraphs the 
intermittent (pulsating) character of the plate cur¬ 
rent of a single-sided Class B stage, and the de¬ 
formed current wave of the Class C stage (even 
when used in push-pull), it is clear that one task 
of the tank circuit is to convert such deformed cur¬ 
rent waves into sine waves, in particular to reduce 
their harmonic content. This can best be done by a 
tank circuit with a large C and small 1, the opposite 
of the receiver requirement. Several explanations 
can be offered, one of the simplest being that a large 
C and small L offer low impedance at nonresonant 
frequencies and therefore greatly reduce the har¬ 
monics. At resonance the impedance is practically 
as high as it Aould be with a larger coil and smaller 
condenser. This is a sketchy presentation and to 
be regarded as merely preliminary to the more exact 
treatment following. 

5-8b. “High Efficiency” Tuned Plate Circuits 
for Class C Stages —Considerable discussion is 
h»‘ard from time to time about tank circuits capable 
of producing very high plate-circuit efficiency. 
Such tank circuits use very high inductance and 
very small capc'icitance and therefore i)resent to the 
tube a high-impedance load at both the operating 
frequency and the harmonic frequencies. In conse¬ 
quence the amplification at the harmonics is in¬ 
creased and the wave form distorted. The output 
power is lowered, but the input reciuirements de- 
crea.se even more—in other words, the plate efli- 
cieiicy increases. If the plate voltage, grid bias, and 
grid excitation are then increased until the plate 
dissipation is once more normal, it will be found 
that the output power is materially above normal. 
The disadvantages of this type of operation are the 
exceptional d-c voltages reejuired, the probable need 
of an added driver stage to supply the high excita¬ 
tion, the high r-f voltages in the tank circuit, and the 
inability of such high L tank circuits to correct the 
distortion—in fact this inability is the basis of the 
high efficiency. Additional circuits must therefore 
be provided to .su])press harmonics. Such a high- 
efficiency stage is ordinarily not suited to modula¬ 
tion. The very high plate-current peaks are in¬ 
jurious to the filaments of some tube types. In 
general, efficiencies in the 75-85 percent region 
should be attempted only after discussion with the 
tube manufacturer and thorough consideration of all 
factors. This type of operation is not considered in 
the following paragraphs. 

5-8c, Theory of Tank Circuit Operation —Har¬ 
monics are removed from the output of a Class B 
or C r-f amplifier by the tank circuit in much the 
.same manner that a mechanical flywheel smooths 
the rotation of a shaft. During that portion of the 
cycle that the tube is delivering more power than the 
load is taking, the spare power is stored in the tank 
circuit; during other portions of the cycle the tube 
is not delivering as much power as the load is 
taking, hence the tank circuit is giving up its stored 
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energy. Except for this action of the tank circuit, 
the load (which is the input of the following am¬ 
plifier or the antenna, as the case may be) would re¬ 
ceive all of the harmonics present in the tube’s out¬ 
put. Thus, the effect of the tank circuit may be 
stated in terms of the reduction of harmonics origi¬ 
nally present. 

The harmonics present in a tube’s output current 
are not definite or predictable.’ In a single-sided 
Class B r-f amplifier the output consists of plate 
current pulses having the shape of the positive 
halves of a sine-wave cycle—-during low modulation. 
For this shape the harmonic components are found 
easily enough. In Class C amplifiers the plate cur¬ 
rent wave form is complex and the proportions vary 
with changes of excitation and loading. It is good 
engineering practice to consider the worst condition 
normally encountered. In normal amplifiers the 
second harmonic (double frequency) current does 
not exceed 70 percent of the fundamental and the 
third harmonic (triple frequency) current docs not 
exceed 30 percent. Higher harmonics, as a rule, 
need not be considered because a design which will 
reduce both the second and third harmonics will 
reduce the higher ones to an even greater degree. 

Ic 


1 

I 



It 

Fig. S-48. Simple tank circuit. Values shown are: Eo, 
970 volts; lo, 0.829 amp; Ic, 10.55 amp; Et, 968 volts; 
Er, 75.1 volts; Xc, 92 ohms; Xt, 91.8 ohms; R, 7.19 ohms. 


The simplest type of tuned tank circuit is shown 
in Figure 5-48. In this circuit the load has been 
shown as a simple resistance in series with the coil. 
This is the simplest case. An antenna could have 
been shown as the load, but this would introduce 
complications that can be better shown separately. 
The tuning adjustments have also been omitted, 
though it is to be understood that the circuit has 
been tuned to resonance with the frequency which 
is being supplied to the system by means of the 
tube’s grid. The resonant adjustment is found in 
the usual way by tuning for the minimum plate cur¬ 


rent. When this adjustment has been made, the 
following conditions will be found to exist: 

1. The a-c plate current is in phase with the a-c 

plate voltage, that is, they pass through zero 
at the same instant. 

2. The a-c current through the tank coil lags almost 

90 degrees, that is, it is almost % cycle late 
as compared to the a-c plate current and 
voltage. 

3. The a-c current through the tank condenser leads 

almost 90°, that is, it is about ^4 cycle ahead 
as compared to the a-c plate current and 
voltage. 

4. From 2 and 3 it follows that the condenser cur¬ 

rent and coil current differ by 180°, that is, 
they are % cycle apart as to time (phase). 
At the instant the current through the coil is 
maximum downward, it is maximum upward 
through the condenser—in other words, the 
current circulates around this closed tuned 
circuit, while at the same instant the a-c plate 
current flows through both coil and condenser 
in the same direction. Thus the condenser 
and coil current arc not precisely the same, 
though nearly so because the circulating cur¬ 
rent is the larger. 

5. There is presented to the tube a load which for 

the resonance frequency only, is a pure resist¬ 
ance much higher (in ohms) than the actual 
load R, 

The value of the transformed resistance depends 
upon the tank reactances and is approximately given 
by: 

(1) Load in ohms presented to tube 

actual load in ohms 

where the actual load is R in the diagram (and is so 
located), while Xj^ is the inductive reactance of the 
tank coil at the working frequency. (It is not felt 
that the derivation of the equation is of present in¬ 
terest. It is correct wdiere the coil reactance is 
materially larger than R.) 

Thus by choosing a suitable coil the value of R 
may be transformed in a manner suitable to the tube 
to be used. 

Example: What tank constants are necessary to 
convert an actual 7.19-ohm load into 1170 ohms as 
seen by the tube ? 

Putting the known facts into the equation, wc 
have: 


1170 


7.19 ’ 


Xl^ « (1170)(7.19) 
Xl *= 91.8 ohms 
And since the circuit is resonant, 
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It then remains to calculate the inductance which 
has a reactance of 91.8 ohms at the working fre¬ 
quency to provide such an inductance and to place 
across it a condenser capable of tuning it to reso¬ 
nance. Sometimes it is more practical to calculate 
the capacitance which, at the working frequency, 
offers the necessary reactance, the same number of 
ohms just found for the coil. Then capacitance 
may be set at that value and a coil picked by trial 
to secure resonance at the desired frequency. The 
coil is then of the correct size but, when connected 
into a transmitter, the tuning capacitance will be 
slightly smaller than calculated because it is shunted 
by various circuit and wiring capacitances. 

5-8d. Reduction of Harmonics by the Tank 
Circuit —^Assume that the output of the tube con¬ 
tains the largest harmonic distortion considered 
above, that is, a 70 percent second harmonic and 
30 percent third harmonic. 'I'lie tube’s a-c output 
current is 0.829 amp, and the tank condenser re¬ 
actance is once more assumed to be 92 ohms at the 
fundamental frequency, the load being 7.19 ohms 
as before. 

From equation (1) the tube’s load at the working 
frequency was found to be 1170 ohms. The voltage 
across this is 1170 ohms X 0.829 amp = 970 volts. 

The tube’s load at the second harmonic is much 
lower than at the fundamental, since resonance is 
tar removed. However, resonance is not so far 
removed as to disappear altogether; hence instead 
of assuming that the load at second and third har¬ 
monics is O.S and 0.33 of the fundamental A”,., it is 
necessary to assume values near 0.66 and 0.37. 
Thus at the second harmonic the load may be (0.66) 
(91.8 ohms) =61 ohms, and since the second har¬ 
monic current is assumed to be 70 percent of the 
fundamental current, the voltage across the tank is: 

0.7(0.829) amp X 61 ohms = 35.4 volts 

But 35.4 volts is not 70 percent of 970—it is only 
2.74 percent. Thus the second harmonic voltage 
has been much reduced as compared to the compo¬ 
nent of second harmonic current which was present 
in the plate current. Moreover this is the voltage 
across the tank circuit, only a portion of which ar¬ 
rives at the load, the rest being expended upon the 
inductive reactance of the coil, the final effect being 
that: 

Load cu rrent for a harmonic __ 

Load current at fundamental — 1 )(A’’l/R) 

where k is 0.7 for the second harmonic, or 0.3 for 
the third harmonic, n is the number of the harmonic 
(that is either 2 or 3), Xj^ is again the reactance of 
the tank coil at the working frequency, and R is 
once more the actual load ohms connected into the 
circuit in the manner of Figures 5-48 and 5-49 
whereas '‘load current for a harmonic” means the 
harmonic current through the actual load R. The 


values of the harmonic currents found when using 
the factors 0.7 and 0.3 as suggested are the largest 
which need be apprehended in normal Class C 
stages. The “high efficiency” condition of Section 
5-8b is excepted. 

I •* 

10 

t 



5-49. Simple tank circuit at second harmonic. 
V lines shown are: Eo, .^5.5 volts; To, 0.579 amp; It, 0.19.1 
amp; Ic, 0.772 amp; Et, 35.4 volts; Er, 1.39 volts; 

46 ohms; 2Xt, 183.6 ohms; R, 7.19 ohms. 

5-8e. Significance of the Tank “K” —The equa¬ 
tions of the last few .sections may be rewritten in 
another form on the basis of the circulating tank 
current. The advantage of this rewriting is that 
the tank current is easily measured as are the load 
current and resistance; hence the harmonic reduc¬ 
tions are more easily approximated on that basis. 
Figures 5-48 and 5-49 do not apply well here since 
they show the lojid resistance directly in the tank 
circuit .so that the load current and circulating cur¬ 
rent are necessarily the same. However in a case 
like that of Figure 5-50 it is possible to measure 
the tank current and the antenna current indepen¬ 
dently, also to measure the antenna’s resistance by 
the usual means. 



The antenna power is la^Rg, where and R„ are 
the antenna’s current and resistance (measured at 
the same point). This, then, is the power delivered 
by the transmitter, that is, the power taken from the 
tank circuit. The current circulating in the tank 
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circuit is already measured and the voltaj^e across 
it may be found either by measurement (with an 
rms device) or by calculation (tank current times 
the reactance of the coil). Then the circulating 
volt-amperes value of the tank circuit is the simple 
product of the tank current and tank voltage. This 
circulating volt-ampere product will be found to 
increase as the condenser is made larger and the 
coil made smaller, resonance being maintained. If 
this is stated mathematically, we have: 

VA/W = {EJt)/{IJRa) 

where is the circulating volt-amperes of the 
tank circuit, is the outi)Ut in watts, and the sub¬ 
scripts t and a indicate tank and antenna respec¬ 
tively, with E, /, and R having the usual meanings. 

The ratio of VA/W is sometimes called the K 
of the tank circuit, though clearly not a proi)erty 
of the tank alone, but of the tank and load. Using 
this AT, the equations already given become: 

Ohms presented to tube = (R)(K^ -f 1) 

where R is the actual load and K is (as just ex¬ 
plained) the ratio of the tank’s circulating volt- 
amperes to the output watts,” and: 

current for a harmonic_ k 

current at the fundamental K{n^ — 1) 

where k is as before 0.7 for the second harmonic 
and 0.3 for the third, n is the numher of the har¬ 
monic (cither 2 or 3) and K is the “tank as 
explained above. The currents are those through 
the inductive leg of the tank. 



5-8f. Practical Antenna Coupling Circuits —In 

the simple tank circuits of Figures 5-48 and 5-49 
it was not possible to change the ratio of “resistance 
transformation” without at the same time changing 

0 If the tank losses can be neglected, it is sometimes more 
convenient to consider the output watts at the tube, the 
tube’s rms alternating plate current being also easily 
measured. 


the ratio of harmonic suppression since the only 
adjustment (except resonance tuning) was an out¬ 
right change in the L/C ratio. A degree of inde¬ 
pendence can be attained by using the tank coil as 
an autotransformer by connecting the load across 
some turns of the coil as in Figure 5-51 (rather 
than in series therewith). All the advantages, how¬ 
ever, of such a circuit, and others as well, are pos¬ 
sible by using the familiar circuit of Figure 5-50. 
This circuit permits changes of coupling to be made 
by mere mechanical movement of the coil at the 
antenna base, or by removing turns from this coil 
and restoring the antenna to resonance by adjust¬ 
ment of the loading devices shown at its upper part. 
In either case there is, of course, a reaction upon 
the tuned tank circuit, recjuiring retuning at that 
point. Figure 5-51 is ecjuivalent to Figure 5-50 if 
the coil Xnj of Figure 5-51 is thought of as the 



Kif.. 5-52. Capacitive cnipling to antenna. 


mutual inductance of Figure 5-50. It is convenient 
to consider the circuit in this way in comparing its 
performance wdth that of the capacitive coupling 
system shown in Figure 5-52, formerly in quite ex¬ 
tensive commercial use in the simple form here 
given, though now generally superseded in the same 
service by systems employing transmission lines. 

In the capacitive coupling system (Figure 5-52) 
the circuit element common to the antenna and the 
tank circuit is the coupling condenser’s reactance 
The coupling can be varied by varying this 
capacitance which is alw^ays larger than the tuning 
condenser in series with it. At low and medium 
frequencies the coupling capacitance required is large, 
and mica rather than air condensers are usually 
used. Since the voltage which feeds the antenna is 
developed by the passage of the tank current 
through the coupling condenser, and since this re¬ 
actance is smaller for the harmonic frequencies, it 
follows that harmonic reduction is effected by this 
coupling. On the contrary, in the inductive cou¬ 
pling system of Figure 5-50, the antenna voltage is 
developed across an inductive reactance, and such 
reactances rise with increasing frequency, hence the 
tendency is to transfer them with an effectiveness 
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increasing: with frequency. Therefore, the har¬ 
monic reducing: effect of the capacitive coupled ar- 
rangment is n- as compared with inductive coupling, 
where n is the harmonic number. Therefore, the 
capacitive coupled circuit is 4 times as effective for 
second harmonic reduction and 9 times as effective 
for the third harmonic. 

5-8g. Effect of the Antenna upon Harmonic 
Radiation —It is possible for the antenna to effect 
some harmonic reduction but it is exceedingly un¬ 
safe to rely upon this effect to any great extent. A 
grounded vertical antenna % wave length high, 
loaded at the base with inductance so that its elec¬ 
trical wave length becomes Vi wave length in the 
usual Marconi manner, may be expected to effect 
reduction of the second harmonic but will be quite 
effective in radiating any third harmonic i)ower that 
reaches the antenna. Whenever the antenna is 
more than % wave length long, it is recommended 
that the harmonic reduction effected in the trans¬ 
mitter be made very large. 



5 —53. Push-pull circuit inductively couple<l to an¬ 
tenna with electrostatic shield to suppress radiation of 
harmonics. 

5-8h. Harmonic Cancellation of Push-pull 
Amplifiers —When tubes are connected in push- 
pull, even harmonics do not appear at the output 
because they flow in opposite directions through the 
two sections of the tank inductance, causing their 
magnetic fields to oppose. If the load circuit is 
coupled equally to each half, there will be no even 
harmonic voltage set up in the load circuit. In this 
case the harmonic reduction should be based upon 
the third harmonic. For a given limit of harmonic 
output, this will require less K of the tank since the 
third harmonic is reduced more easily than the sec¬ 
ond. This reduces the tank currents, permits less 
expensive components to be used, and reduces the 
losses in the tank circuit. A suitable push-pull 
circuit is shown in Figure 5-53. Note that the tank 
condenser is divided, the center tap being connected 
back to the cathode circuit. This is necessary to 


provide a low-impedance return path for the har¬ 
monic components of the tube output currents. If 
such a path is not provided, considerable harmonic 
voltages may appear between the tank circuit and 
ground. 



J‘'k.. 5-54. Stray rapacitance between tank and antenna 
circuit provides low impedance path for harmonic.s. Sec 
tt vr. 

Many operators have been surprised to find a 
strong second harmonic being radiated from their 
push-pull amplifier. Although the two halves of the 
tank inductance will cancel even harmonics, the 
stray capacitance between tank and antenna circuit 
provides an easy path for the harmonic currents to 
pass into the antenna. As far as this capacitive 
transfer is concerned, the two tubes are in parallel 
and feed the antenna as shown in Figure 5-54. 
This is a form of direct cou))ling, and unless the 
reactance is very small, the coupling is fairly 
tight. In fact, Jit high frequencies it is practically 
impossible to m;ike A',.,, small, because a wire only a 
few feet long has appreciable reactance. I^'or ex¬ 
ample, at 7000 kc a tbin wire may have as much as 
25 ohms reactance per foot. 

Push-pull amplifiers should always have an elec¬ 
trostatic shield between the tank coil and the an¬ 
tenna coil. This will entirely prevent the transfer 
of even harmonics and the radiiition of such har- 



Fig. 5-55. Direct coupling of transmission line is subject 
to harmonic radiation. 


monies will be solely determined by the accuracy 
with which the two tubes are balanced (plus, of 
course, the harmonic reducing effect of the tank 
circuit). In existing transmitters where it may be 
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Fig. 5-56. Link coupling to transmission line is effective in the 
suppression of harmonics. 


difficult to install a shield, iniprovenieiit can some¬ 
times be effected by usinj? link coupling: from the 
tank to antenna circuit. By g:rounding one side of 
the link, it can be made to function as a shield itself. 
The tank and antenna coils should be separated or 
well shielded, or the isolating effect of the link will 
be reduced. 

The circuit of Figure 5-5S has been in wide use 
but is particularly poor from a harmonic radiation 
standpoint. The two transmission wires act much 
like a two-wire antenna directly coupled to the 
plates of two tubes in parallel. As there is no volt¬ 
age difference between the wires (for even har¬ 
monics), the condensers across the line have no har¬ 
monic shunting effect. When modified to the circuit 
of Figure 5-56, these difficulties vanish and the cir¬ 
cuit becomes highly effective. However, it is in all 
cases advisable to make a test of the field strength 
at the second and third harmonics, and to adjust 
the antenna coupling device carefully in order to 
minimize these harmonics. 



Fig. 5-57. This circuit, which is frequently employed, 
will radiate strong harmonics. 


Figure 5-57 is another circuit which is poor from 
the standpoint of harmonic radiation. Here the 
electrostatic capacitance between the antenna coils 
and the tank inductance is sufficient to provide ex¬ 
cellent coupling for the even harmonics. Placing 
the antenna coil over the center of the tank induc¬ 
tance makes no improvement because the entire tank 


inductance is at the same even harmonic voltage. 
This circuit can be vastly improved by the addition 
of a shield, or the use of link coupling with one side 
of the link grounded. While this discussion has 
been limited to even harmonics, the .same effect 
which passes the even harmonics will prevent the 
proper reduction of the odd harmonics as well. 

5^i. Standards of Harmonic Reduction—Be¬ 
fore the eiiuations of previous sections can be ap¬ 
plied to the design of output circuits, how much 
reduction of harmonics is uccessary must be deter¬ 
mined. The general law on this subject is found 
in the 1932 Madrid Treaty* which requires all sta¬ 
tions to reduce their harmonics as much as the 
state of the art permits. As the state of the art 
permits almost any conceivable degree of reduction, 
strict application of this requirement would be un¬ 
reasonable. As a practical matter, this is inter¬ 
preted to require well-designed output circuits, in 
keeping with the power employed and the class of 
service. The I.R.E. standardization committee .sug¬ 
gests that for broadcast service the harmonic field 
strength be limited to 0.02 percent of the funda¬ 
mental field strength. This value is consistent with 
good engineering practice. 

5-8j. Value of K Required to Reduce Har¬ 
monics to the Desired Degree— Although the 
values oi K can be easily computed by using the 
equations developed on the preceding pages, it is 
more convenient to refer to the curves of Figure 
5-58, which have been worked out from these equa¬ 
tions. For single-ended ampl ifiers, the curves marked 
“second harmonic*^ should he used because this har¬ 
monic will be the strongest. For push-pull ampli¬ 
fiers using an effective electrostatic shield behveen 
tank coil and antenna the second harmonic will not 
be transferred, and the “third harmonic” curves 
should be u.sed. Notice particularly that separate 
curves are shown for inductive coupling and for 

♦ Definite recon]mendation.s were made at the Atlantic 
City Conferences in 1947 that the harmonic content for 
transmissions in the frequency range from 10 to 30,000 
kc be at least 40 db below' the power of the fundamental 
and in no case shall it be greater than 200 milliwatts. 
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Fi(.. 5-58. Relationship between K and harmonic current in 
the antenna. 


capacitive coupling. In circuits which use both 
inductive and capacitive coupling, the capacitive 
curve is used. 

5-8k. Suitable Circuits for Harmonic Reduc¬ 
tion—Although the derivation showed that the 
K of a tank circuit could he made as high as desired 
by simply increasing the tank capacitance, a prac¬ 
tical limit is soon reached because of the heavy tank 
currents that are produced with high K. This 
makes very expensive construction necessary and 
increases the tank losses. In fact, with K values of 
200 to 300 the tank losses are so great that very 
little power is left to deliver to the load. For this 
reason, (food cnginccrbuj requires that tank circuits 



Fig. 5-59. Antenna circuit untuned. 


should haxT a K of not more than 20 (except for 
oscillators where fre(iuency stability is desired in- 
.stead of large output). Inspection of the curves 
on Figure 5-58 show that the recommended har¬ 
monic reduction to 0.02 percent of the fundamental 
requires K values far in excess of 20. This neces¬ 
sitates cascaded tank or other tuned circuits. The 
necessary values are then easily obtained without 
exceeding 20 in any one circuit because the resulting 
K is equal to the product of the individual iC’s. 
Thus a K of 120 can be obtained by a tank K of 
20 and an antenna K of 6. High-power transmit¬ 
ters require excessively large values of K if a 
single-ended amplifier i.s used. It is therefore rec- 



Fig. 5—60. Antenna circuit tuned. 
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onimendecl as a desijjn rule that the final amplifier 
of any high-power transmitter should be push-ptdL 
Several conventional circuits are shown on the 
following pages to illustrate how various circuit 
arrangements reduce harmonics. The simplest 
practical circuit is that of Figure 5-59. Here the 
antenna is not tuned. The series condenser merely 
adds reactance to the antenna so that proper loading 
results when it is connected, as -shown, directly to 
the plate of the tube. With this arrangement the 
antenna does not contribute any harmonic reduction. 



Kir.. 5-61. Capacitive coupled circuit. 


In fact, with certain lengths of antenna one or more 
harmonics may be considerably increased. Neglect¬ 
ing the unpredictable effect of the antenna, the sec¬ 
ond harmonic current will be greater than one 
percent of the fundamental even with the highest 
practical K (20) in the tank circuit. 'Hiis circuit 
should be used only with extremely low-power 
transmitters (10 watts or less). 

The arrangement shown in Figure 5-60 is a con¬ 
siderable improvement. By tuning the antenna an 
additional K of at least 6 can be obtained. The 
antenna loading inductance is an essential jiortion 
of the circuit (even if the antenna is large enough 
to resonate without it) and must be shielded from 
the tank circuit. Using a loading coil whose re¬ 
actance is 6 times the antenna resistance and a tank 


circuit with a A” of 20, the second harmonic should 
be only 0.26 percent. Unlike Figure 5-59, this will 
not be much disturbed by an unfavorable antenna 
length if the shielding is satisfactory. The coupling 
coil should be placed at the grounded end of the 
tank inductance to avoid the necessity of an electro¬ 
static shield between these two coils. 

Figure 5-61 shows a simple capacitively coupled 
circuit. This is not suitable for high-frequency 
use because of the difficulty in obtaining a low re¬ 
actance ground connection. At low frequencies, the 
circuit performs very well, and with the constants 
shown the second harmonic should be reduced to 
0.06 percent. This is satisfactory for transmitters 
of moderate power, especially if the final amplifier 
is operating in Class B and therefore contains only 
small harmonic components in its plate current. 
However, the advantages of this circuit cannot be 
realized unless the timing is carefully done. As this 
tuning is rather intricate, this circuit cannot be 
recommended for composite transmitters unless the 
operators are thoroughly familiar with the process. 

Figure 5-62 shows a simple push-pull circuit. Jt 
is essential that an electrostatic shield he placed be¬ 
tween the tank coil and the antenna circuit. With¬ 
out such a shield, the second harmonic will be quite 
strong. With an effective shield the second har¬ 
monic will not apjiear, and the third harmonic 
should be below 0.035 percent. This is not far in 
excess of the I.R.E. recommendation. This cir¬ 
cuit has the advantage of being fairly easy to tunc, 
'file coupling is adjusted by varying the number of 
turns in the coupling coil. 'Khis is necessary be¬ 
cause it is usually impractical to vary the separa¬ 
tion when the coils are arranged for satisfactory 
shielding. This is, of course, a mechanical problem 
and any method of varying the mutual inductance 
will be satisfactory provided it does not introduce 
any direct capacitance between the two windings. 

Figure 5-63 is an adaptation of capacitive coup¬ 
ling especially suitable for high-frequency trans¬ 
mitters. In this particular arrangement the antenna 



Fig. S—63. Combined inductive and 
capacitive coupling to antenna circuit. 
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ANTENNA K— 6 
TANK K=20 
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E5T 3RD HARMONIC 
0.035% 


Fig. 5-62. Push-pull circuit with 
inductive coupling to tuned antenna cir¬ 
cuit and electrostatic shield between 
coils to suppress harmonics. 
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VOLTAGE FED ANTENNA 



Fi(.. 5—0 4. T.ink conpliiin to transmission line. 
Voltage- or end-ft* 1 antenna. 


is not tuned, the harmonic reduction beinj? effected 
hy two tank circuits in cascade. With the constants 
sliown, the second harmonic should he about 0.05 
percent. With a K of 20 in each circuit, the second 
harmonic could be reduced to 0.02 percent but this 
is usually not necessary at moderate powers. This 
circuit has three disadvantajjes: ( 1 ) the circuits 
must he carefully resonated; ( 2 ) care must he taken 
to prevent stray capacitance between the tank coil 
and the antenna circuit; and (3) as the antenna is 
not tuned, it may resonate at some harmonic and 
increase it. fVoper K in the second circuit (the 
coupling circuit) is assured hy making C '2 fou^ 
times as large as C], and having a 2 to 1 ratio be¬ 
tween tank turns and coupling coil turns. As Co 
is the final resonating adjustment, Lo nitist he ad¬ 
justed hy trial until resonance and proper loading 
are obtained with the proper capacitance at 
I'he procedure is as follows: Disconnect the coup¬ 
ling coil at the points marked A’^ on Figure 5-63. 
Now resonate the lank condenser, C j, tuning for 
minimum plate current. After this, do not make 
any further adju.stment to Reconnect the coup¬ 
ling coil and set at maximum capacity. Tune 
Co for resonance—minimum plate current. If the 
minimum plate current is loo low (loading too 
light), decrease C 3 and resonate with Co. If Co 
resonates with too much capacitance, increase L 2 »’ 
if C 2 resonates with too little capacitance, decrease 
Lo. Adjust C 3 and Lo until proper loading is se¬ 
cured with Co resonating at approximately the de¬ 
sired capacitance. It is not necessary that Co he 
exactly four times Ci, but it is necessary that it be 
tuned for exact resonance as indicated by minimum 
plate current. It is also necessary that adjustments 
begin with C 3 at maxunum. Proper loading can 
often be obtained with two values of C 3 —one very 
low and the other very high. The high-capacitance 
setting is correct, and operating at the low- 


capacitance setting will result in strong harmonic 
radiation. 

Figure 5-64 shows a circuit popular for high- 
frequency transmitters. If the transmission line is 
% wave length, or any odd quarter of a wave 
length, it will effectively suppress the second luir- 
monic. (The antenna must he voltage fed, that is, 
its length must he an even number of quarter wave 
lengths from the point where the feeders are «at- 
tached to the ends of the antenna). To prevent the 
feeders from radiating, the stray capacitance be¬ 
tween the tank and the feeder coil is reduced hy 
coupling through a link circuit. A shield could he 
I)laced between the tank circuit and the pick-up coil, 
hut the link is more simple and, in this case, (luite 
effective. The link must he placed at the grounded 
end of the tank inductance. This circuit has the 
advantage of being simple to adjust. 

Assuming 2000 ohms antenna resistance and a 
line of 500 ohms characteristic impedance,’*' the 
second harmonic reduction should be equivalent to 
a K of 16. This, combined with a tank circuit K 
of 20 , will reduce the second harmonic to 0.1 per¬ 
cent. At the third harmonic, however, the feeders 
are not nearly as effective in reducing harmonics 
and the effective K may be as low as 2. This re¬ 
sults in a third harmonic of 0.1 percent (just about 
as strong as the second). This can be reduced 
somewhat by the use of properly shielded loading 
coils. These coils can be tuned by a series con¬ 
denser at the fundamental, but they will assist in 
keeping the feeder input impedance high at 
harmonics. 

Figure 5-65 shows a circuit which is frequently 
misused. Depending too much on the push-pull fea¬ 
ture, low K values in the tank are frequently ap- 

Characteristic inipcclance of a 2-wire line is 276 lojf 
D/d, where D is the spacing and d is the diameter of either 
wire. 
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VOLTAGE FED ANTENNA 



Fig. 5-65. Inductance coupling to transmission line. 
Voltage-fed antenna circuit. 


plied. Unless an effective shield is employed be¬ 
tween the tank circuit and pick-up coil, a strong^ 
second harmonic can be transferred. In addition, if 
the feeders are wave lenjfth, they will have but 
little effect in reducing the third harmonic. To 
prevent excessive harmonic radiation with this cir¬ 
cuit, the tank K should be generous—20—and load¬ 
ing coils should be placed in the feeder lines. It is, 
of course, essential that a Faraday shield be placed 
between pick-up and tank coil. If link coupling is 
used, one side of the link should be grounded be¬ 
cause the entire tank coil is above ground potential 
for the second harmonic, that is, there is no 
grounded section where the link may be applied, as 
is the case with a single-ended amplifier. The 
center of the tank inductance is at ground potential 
for the fundamental and odd harmonics but not at 
ground potential for the even harmonics. With 
proper precautions, the second harmonic should not 
be radiated and the third harmonic should be 0.1 
percent or less. 

Figure 5-66 is to be recommended over Figure 
5-65 if it is carefully adjusted. With n K oi only 
6 in each circuit, the third harmonic should be only 
0.013 percent. This excellent reduction can be ob¬ 
tained only if the shielding between tank coil and 
feeders is complete. Without effective shielding, 
both second and third harmonics can be very strong. 
It is difficult to appreciate the great difference be¬ 
tween the capabilities of Figure 5-65 and this circuit 
which is so similar. The main advantage is the re¬ 
duction of the third harmonic 9 times (harmonic 
number squared) due to the use of capacitive coup¬ 
ling and the increased K obtained by addition of a 
second tank circuit (the coupling circuit). Much 
of this advantage will be lost if the circuits are not 
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Fig. 5—66. An excellent circuit for suppre.ssion 
of harmonics. 


properly resonated, or if the .shielding i.s not 
thorough. 

Figure 5-67 is an example of the excellent re¬ 
sults that can be obtained by good design. This 
circuit is used in transmitters manufactured by 
RCA. The antenna circuit is tuned, thereby se¬ 
curing a K oi about 6 (it varies with each installa¬ 
tion, but can usually be made this high). The 
intermediate circuit, to which the antenna is capaci- 
tively coupled, has additional K, 6 being the usual 
amount. The push-pull tank circuit is also propor¬ 
tioned to have a K of 6. The over-all K is 6 X 6 
X 6 or 216. Combined with capacitive coupling, 
this provides a third harmonic reduction computed 
as 0.002 percent. The second harmonic is difficult 
to estimate as it depends upon the degree of balance 
between the tubes and the effectiveness of the elec- 
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trostatic shield. It may be safely assumed that with 
careful construction and balance, the harmonic radi¬ 
ation will meet the strictest requirements. The re¬ 
markable performance shows clearly the importance 
of proper circuit arrangement and shielding. 



+B ' 

Fig. 5--67. Another excellent circuit for harmonic suppres¬ 
sion and proper impedance matching. 


5-81. Relation between K and Tank Capaci¬ 
tance—In order to complete the design of output 
circuits, it is necessary to determine the tank ca¬ 
pacitance necessary to produce the desired value of 
K. This depends upon the frequency, the output 
voltage, and the output current. 

The K of a tank circuit is found by dividing the 
tank circuit circulating volt-amperes by the watts 
delivered to the load: 


_ VA _ _ KJt _ h 

W Eolo Eol, lo 

It is the circulating tank current, Iq is the alternat¬ 
ing current flowing through (not circulating in) the 
tank and also through the power source, which ordi¬ 
narily means the plate circuit of a tube. In a well- 
designed tank circuit If is larger than Iq. Iq is in 
phase with the voltage, but If is not. There is but 
one a-c voltage involved here since the tank is 
across the tube and necessarily Et = Eq, provided 
that the whole tank is actually connected across the 
tube. The tank current It depends upon the output 
voltage and the reactance of the tank condenser 
so that we can substitute: 



or 


X, 


KIo 


This equation is useful only if it is possible to 
measure the a-c plate voltage and current, not usu¬ 
ally a convenient procedure. The numbered para¬ 
graphs below give practical rules for avoiding a-c 
measurements. If a complete solution has already 
been made and Iq and Eq are known, this equation 
is a simple means of finding the tank capacitance. 


Example: The desired operation calls for a peak 
output voltage of 1350 and a peak output current of 
0.592 amp. Find the tank capacitance necessary to 
give a tank K of 20. The operating frequency is 
750 kc. The tube is not neutralized. 

Solution: Solving the equation for the tank con¬ 
denser reactance: 

Eo 1350 

" X X /o 20(0.592) 

= 114 ohm condenser reactance 

Note that Eq and Iq can be either peak or rnis values 
as long as both arc the same. At the operating fre¬ 
quency this reactance requires a capacitance of: 

1,000,000 1,000,000 
ZwfXr “ 6.28 X 750,000 X 114 
= 0.00186 microfarad 

The factor of 1,000,000 is introduced to convert 
farads into microfarads. 

Note: For push-pull amplifiers, use the output 
current and output voltage per tube, and the result 
will be the capacitance of each lialf of the condenser. 

In designing amateur transmitters, or in checking 
a transmitter already in operation it is desirable to 
have some rule for deciding tank capacitance with¬ 
out the necessity of a complete solution of output 
voltage, output current, etc. 'J'his can be done by 
using these relations: 

1. In Class C amplifiers the peak oulimt voltage 
is nearly equal to the plate voltage. Thus for a 
rough rule we may use: 

£o peak = 0.9^6 

or Eq rms = 0.636^?, (for Class C amplifiers) 

In Class B amplifiers the peak output voltage is 
somewhat less than half the plate voltage. For a 
rough rule we may say: 

Eq peak = 0.4Eb, 

Eq rms = 0.28Ei, (for Class B amplifiers) 

2. In both Class C or Class B amplifiers there is 
a fairly definite relation between the output current 
and the direct plate current. For a rough rule we 
may use: 

/o = 0.9/, 

These rough assumptions may be substituted in 
the equation for tank condenser reactance, and we 
have: 


or 


Xc = Eo/AVo, 




0.57Efr 

A/fr 


(for Class C) 


Xc 


0.25Ei, 

Kh 


(for Class B) 


For rapid calculations, the frequency may be in- 
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eluded so that the capacitance can be found in one 
operation. In this form: 


C 


279,OOOA7fc 

fEt 


(for Class C) 


where C is in microinicrofarads 
Ib is in milliamperes 
/ is in kilocycles 
Kb is in volts 


These units have been chosen because they are 
the ones most commonly used. 

For Class B, the constant is simply changed: 


638,000A/fc 
^ ~ fEb 

The use of these equations will be illustrated by a 
typical example: 

Example: The tank circuit C, L, of Figure 5-66 
should have a /C of 6. What capacitance per sec¬ 
tion will be necessary? The frequency is 7020 kc, 
and the total plate current is 200 ma at 1250 volts, 
in Class C. 

Solution: For the capacitance per section it is 
necessary to use the plate current per tube, or 100 
ma. Substituting: 

27 9,000 X K X lb ^ 279 .000 X 6 X 100 

^ ‘ ' fXEb '”7020 X 1250 

= 19 micromicrofarads per section 

The resultant of the two condenser sections in series 
is one half of this. 

Note that the K depends upon the plate current. 
This explains why reduction of the coupling re¬ 
duces harmonics—actually the K is being increased, 
and the same result could be accomplished by in¬ 
creasing the tank capacitance the proper amount. 
For a push-pull stage the proper procedure has been 
indicated. For a grid-neutralized single-sided stage 
the plate tank circuit is not tapped, hence the proce¬ 
dure given for single stages is correct. For a plate- 
neutralized stage, C is as great if the cathode tap 
is central as it should be—but keep clearly in mind 
that this C is the capacitance across the entire tank 
coil, whether a single condenser or two in series. 

5-9. Neutralization of R-f Amplifiers —The 
neutralization of r-f amplifiers has already been dis¬ 
cussed in the preceding chapter; however, there is 
given below several practical methods by which the 
neutralization adjustment can be accomplished. 

One point should be noted—neutralization takes 
care of feedback through the in ter electrode capaci¬ 
tance of the tube but should not be expected to 
combat assorted feedbacks external to the tube. 
These should be eliminated initially by shielding, 
filtering, and suitable placement of components. 
Although some neglect can be compensated for by 
misneutralizing, the result is an unstable stage as 


soon as the frequency shifts slightly—perhaps even 
to sidebands. 

5-9a. Adjusting Neutralization by Grid Meter 
Method —When the stage to be neutralized is 
provided with a grid current milliammeter, the 
meter may be used to indicate neutralization by pro¬ 
ceeding in the following manner: 

1. Remove plate voltage from the stage to be 
neutralized. This must be done on the power sup¬ 
ply side of the r-f chokes and by-pass condensers 
as they may affect the adjustment. Tf possible, the 
best way to accomplish this is to remove the rectifier 
tubes from their sockets. This can be done, of 
course, only if the same rectifier does not supply 
any of the preceding stages. 

2. Set the neutralizing condenser at maxiniuni ca¬ 
pacitance or with inductive feedback systems, place 
the coils close together. 

3. Apply plate voltage to the preceding stages. 
Grid current should be indicated in the stage being 
neutralized. 

4. Rotate the plate tuning condenser of the stage 
being neutralized. When resonance is reached, the 
grid current will dip noticeably. 

5. Reduce the neutralizing capacitance a little at 
a time, noting the grid current dip each time a 
change is made. As the correct setting is ap¬ 
proached, the grid meter dip will become less pro¬ 
nounced. When perfect neutralization is obtained, 
the grid current meter will not he affected when the 
plate tuning condenser passes through the point of 
resonance. In push-pull stages change both neu¬ 
tralizing condensers at the same time, always keep¬ 
ing their capacitance equal. With inductive neu¬ 
tralization, separate the coils a little farther each 
trial until the location is found where the grid cur¬ 
rent will not dip. 

5-9b. Adjusting Neutralization with Neon 
Bulb —When the stage to be neutralized has no 
grid current meter, a small neon bulb may be used 
to indicate neutralization. This is not as precise a 
method as that described above because (1) the 
neon bulb requires a certain minimum voltage be¬ 
fore it will light, and (2) the operator's hand may 
disturb the circuit so that exact neutralization is 
lost when the hand is withdrawn. This, of course, 
cannot be detected and is frequently unsuspected. 
At any rate, follow steps 1, 2, and 3 of the grid 
current method (above). Then: 

4. Rotate the plate tuning condenser until the 
neon bulb lights when held close to the tank induc¬ 
tance. If no light is obtained at any setting, touch 
the glass of the neon bulb to the tank conductor. 
This makes the bulb somewhat more sensitive but 
should not be done unless necessary because of the 
danger of damaging the bulb. When the bulb is 
lighted, decrease the neutralizing capacitance until 
the bulb becomes very dim. A slight readjustment 
of the plate tuning condenser will restore a portion 
of the brilliancy. Continue reducing the neutraliz- 
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ing capacitance until the bulb goes out and cannot 
be made to light at any setting of the tank con¬ 
denser. In push-pull amplifiers reduce both neutral¬ 
izing condensers equal amounts each time, always 
keeping their capacitances equal. With inductive 
neutralization, separate the coils gradually until the 
lamp will not glow. 

5-9c. Adjusting Neutralization by Tank Cur¬ 
rent Method —With high-power transmitters, the 
best method of neutralization is by the use of a sen¬ 
sitive r-f ammeter in the tank circuit of the stage 
being neutralized. The only disadvantage of this 
method is the danger of burning out an expensive 
instrument if extreme care is not exercised. Pro¬ 
ceed as follows: 

1. Remove the plate voltage from the stage to be 
neutralized. 

2. Replace the normal tank current meter by one 
having a much lower scale range. Full scale should 
be about Vw of the normal lank current. 

3. Set the neutralizing condenser(s) at maximum 
capacitance. 

4. Apply power to the preceding stages. 

5. Resonate the tank condenser of the stage being 
neutralized 7'cry cautiously. Observe the tank cur¬ 
rent meter continuously as resonance is approached, 
and stop if the r-f meter reaches full scale. 

6 . When the r-f meter reaches full scale (or the 
highest reading that can be obtained is reached), re¬ 
duce the neutralizing capacitance until the lowest 
possible meter reading is obtained. 

7. Readjust the tank circuit tuning slightly for 
maximum tank current reading on the meter. 
After this point is reached, adjust the neutralizing 
capacitance again until the minimum meter reading 
is obtained. 

8 . Repeat step 7 until a setting is found where no 
indication of tank current can be obtained on the 
meter. 

9. If a more precise adjustment is desired, the 
meter may now be replaced with one even more 
sensitive. Repeat steps 7 and 8. 

Failure to obtain perfect neutralization may be 
due to stray coupling between the coils or leads of 
the driving circuits and the circuit being neutralized. 
The antenna coupling coil and load should always 
be connected when neutralizing the final amplifier 
stage. 

5-9d. Neutralizing with a Flashlight Bulb —A 

flashlight bulb is a sensitive and inexpensive r-f 
indicator and is frequently employed in neutraliza¬ 
tion. The bulb should be connected in series with 
a single turn of wire. This turn should have ap¬ 
proximately the same diameter as the plate circuit 
tank inductance. The bulb socket forms a con¬ 
venient base upon which the wire loop can stand. 

The single turn is placed close to the tank coil and 
the bulb will light when r-f current flows in the 
tank. The sensitivity is adjusted by changing the 
distance between the tank coil and the loop of wire. 


Neutralization is carried out in the manner de¬ 
scribed alxjve until a setting is found at which no 
r-f current is indicated by the flashlight bulb. 

5~10. Parasitic Oscillations —When a trans¬ 
mitter performs in an erratic manner without ap¬ 
parent cause, the trouble is usually some form of 
parasitic oscillation. Parasitics are defined as oscil¬ 
lations at some frequency other than the funda¬ 
mental or a harmonic. Many new transmitters are 
troubled this way. In manufactured transmitters, 
parasitic tendencies of the original design are usu¬ 
ally remedied before production is begun. The 
exact duplicates manufactured thereafter should be 
free from pamsitics although this is not always the 
case. Quite f’*e(|uently minor changes made to ex¬ 
pedite production or to simplify assembly may cause 
iKw parasitics which must be corrected when the 
transmitter is installed. 

As each transmitter offers different possibilities 
for paiastics no textbook can hope to outline the 
caiv'vcs and remedies fully. However, the general 
principles are known, and several of the more com¬ 
mon causes are easily remedied. A careful study 
of these causes will assist in correcting the faults 
of any particular installation. 

Parasitic oscillations can be produced if any por¬ 
tion of the plate circuit is resonant (or nearly so) 
with any portion of the grid circuit, thus forming 
a tuned-plate, tuned-grid oscillator circuit. A fur¬ 
ther c(mdition is that sufficient feedback must be 
present. Parasitic oscillation can also be estab¬ 
lished if any element of the tube shows a negative 
resistance (dynatron action) characteristic, and 
there is a resonant circuit in .scries with this 
element. 

5-lOa. Analysis of a Typical Circuit for Para¬ 
sitic Tendencies —Figure .S-68 shows a conven¬ 
tional, well-designed, amplifier stage including the 
associated power supply filter circuits. In Figure 
5-69, the circuit has been redrawn to show that 
the grid and plate supply filters form tuned circuits 
which resonate at very low frecjuencics—perhaps 1 
to 25 cycles per second. At such frccjuencies, the 
r-f inductances have no appreciable reactance and 
arc shown simply as conductors. On the other 
hand, small capacitances are practically an open cir¬ 
cuit. The remaining circuit elements form a tuned- 
plate, tuned-grid circuit. Fortunately, at these low 
frequencies the internal plate-grid capacitance of 
the tube is too small to permit sufficient feedback to 
sustain oscillation. However, grid and plate supply 
filters are frequently placed .so close together that 
considerable magnetic coupling may be present. If 
this is the case, oscillation at a very low frequency 
may result. The remedy for this condition consists 
of detuning the circuits by using different CL prod¬ 
ucts in the grid and plate circuits Notice that the 
two condensers are in series as far as this oscilla¬ 
tion is concerned. It is more economical to use the 
higher product in the grid circuit becau.se, for the 
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Fig. 5-68. Conventional amplifier circuit of Rood design to illustrate causes of 
parasitic oscillations. 


Ll—Grid tank inductor. 

L2 —Plate tank inductor. 

L3—l^late supply filter smoothing choke. 
L4—IMate supply filter swinging choke. 
LS—Grid bias filter smoothing choke. 

L6—Grid bias filter swinging choke. 
RCFl—Plate supply r.f. choke. 
RFC2--rGrid bias r.f. choke. 

R1—Grid bias bleeder resistor. 

R2—Plate supply bleeder resistor. 

Cl—Grid tank condenser. 


C2—Grid blocking condenser. 

C3—Plate blocking condenser. 

C4—Plate tank condenser. 

CS—Grid bias by-pass condenser. 

C6—Plate supply by-pass condenser. 

C7—Neutralizing condenser. 

C8—Plate supply filter final condenser. 

—Plate supply filter mid-section condenser. 
CIO—Grid bias filter final condenser. 

Cll—Grid bias filter mid-section condenser. 


lower voltage and current, the parts are less ex¬ 
pensive. In addition, the filter chokes of the grid 
bias and plate supplies should be separated suffi¬ 
ciently to prevent any magnetic coupling. 



L. au 


~C +B 

Fig. 5-69. The grid bias and plate supply filters form low- 
frequency tank circuits. This portion is not neutralized. 


duce feedback and oscillations. The remedy for 
this is to use different inductance values for grid 
and plate chokes. The plate choke should have the 
higher inductance. 



Fig. 5-70. The r-f chokes and by-pass condensers form a 
pair of tank circuits. This portion is not neutralized. 


The grid and plate r-f choke coils often form the 
inductances of a tuned-plate, tuned-grid oscillator, 
as can be seen by redrawing Figure 5-68 in the 
manner shown as Figure 5-70. With usual con¬ 
stants, these circuits resonate at a frequency some¬ 
what lower than the normal operating frequency. 
In low-frequency transmitters, this usually occurs 
in the audio-frequency region and the internal plate- 
grid capacitance is not large enough to cause oscil¬ 
lation. In intermediate- or high-frequency trans¬ 
mitters, the choke coils and by-pass capacitors 
resonate at a frequency such that the interelectrode 
grid-plate capacitance may be large enough to pro- 


Perhaps the most common parasitic oscillation is 
that which is due to the length of the plate and grid 
circuit connecting wires. These wires form single- 
turn inductances which are tuned by the tube ca¬ 
pacitances to frequencies in the ultra-high region. 
At such frequencies the internal plate-grid capaci¬ 
tance provides sufficient feedback, and strong oscil¬ 
lations are easily produced. The leads drawn in 
heavy lines on Figure 5-71 form these single-turn 
inductances. The remedy is to detune the circuits. 
The preferred method is to insert a small r-f choke 
coil at the point marked X. If a suitable inductance 
value is used, the plate circuit loop will tune to a 
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lower frequency than the grid circuit, thereby pre¬ 
venting oscillations. Although oscillations can be 
stopped by adding inductance to the grid circuit, it 
is easier and better to add it to the plate circuit. 
This is due to the fact that oscillations will persist 
even when the grid circuit is far off tune on the 
loiv-freqtiency side of resonance, whereas oscilla¬ 
tions will stop immediately when the grid circuit is 
tuned to the high-frequency side of resonance. The 



Fig. S-?!. Leads shown in heavy lines form siiiffle-turn in¬ 
ductors and aid in tlie Reneration of parasitic oscillations. 

grid leads should, therefore, be as short and direct 
as possible, and the plate leads should include added 
inductance (if necessary) to resonate at a lower 
frequency. 

When two tubes arc operated in parallel, a par¬ 
ticularly strong oscillation can be set up with the 
tubes acting as an ultra high-frequency push-pull 
oscillator. The connecting wires between the two 
plates and the two grids act as inductances tuned by 
the tube capacitances. If the tubes are symmetri¬ 
cally arranged (as they usually are), these connec¬ 
tions will naturally be equal in length and therefore 
resonant to approximately the same frequency. 
Like the previous type of ultra high-frequency para¬ 
sitic, this can be prevented by inserting small choke 
coils in series with each plate lead to tune the plate 
circuit to a lower frequency. 

Small plate chokes to suppress parasitic oscilla¬ 
tions are frequently paralleled with a noninductive 
resistor of about 100 ohms. The purpose of this 
resistor is to increase the losses of the circuit at 
ultra-high frequencies, and thus make oscillation 
more difficult. Any sign of heating of these re¬ 
sistors is a certain indication of parasitic oscillations 
since practically all the fundamental current goes 
through the choke coil which has very low re¬ 
actance at fundamental frequencies. Parasitic cur¬ 
rents are offered a higher impedance by the small 
choke and tend to flow through the resistor. 

Notice especially that neutralization does not 
prevent parasitic oscillations. Proper neutralizing 
voltages are dependent upon resonance to build up 
a voltage of opposite phase. This resonance is 
obtained only at the fundamental frequency. 


The lead between the cathode inside the tube and 
the returns from the grid and plate circuits is actu¬ 
ally a portion of both circuits. This is seen on 
Figure 5-71 marked A and B, This lead presents 
an inductive reactance which varies with the fre¬ 
quency and directly couples the grid and plate cir¬ 
cuits. Ordinarily this coupling provides a voltage 
of improj)er phase to cause oscillations. At ultra- 
high frequencies, the remaining portions of the cir¬ 
cuit will introduce phase .shifts which may permit 
oscillations. The lead should be made as short as 
possible. A further advantage of shortening this 
lead is to make the neutralization adjustment less 
dependent upon fre(juency. I'liis is a valuable fea¬ 
ture when frequencies are changed often. 

Negative-resistance parasitics appear from a 
i^a^iety of causes, the most usual of which are listed 
here: 

(A) The plate may show a negative resistance 
chaiacteristic when the screen voltage of a tetrode 
or pentode is higher than the instantaneous plate 
voltage. This is the usual dymitron action. A 
similar effect can occur in triodes when the grid 
voltage is higher than the plate voltage. This con¬ 
dition is obtained during negative modul.'ition peaks 
on a Class C plate-modulated amplifier. The re¬ 
sulting negative resistance can produce a momentary 
o.scillation in any tuned circuit in series with the 
plate. This kind of parasitic is hard to locate be¬ 
cause it can exist only during negative modulation 
peaks. As the plate voltage is rather low at that 
time, the power in the parasitic is limited and little 
damage will be done. The main effect will be dis¬ 
tortion when the necessary high percentage of 
modulation is reached The suggested remedy is 
parasitic chokes in series with the plate. They 
should be .shunted with resistors. This makes the 
resistance of the circuit greater than the negative 
resistance generated by the tube, and oscillations 
cannot be produced. 

(B) When the grids of a tube are driven ex¬ 
tremely positive, secondary emission may take place 
from the grids. I'his reduces the grid current and 
may proceed to such an extent that an increase in 
grid voltage produces a reduction in grid current— 
i.e., a negative resistance. If this happens, any 
resonant circuit in .series with the grids can oscillate. 
The remedy for this type of oscillations is to load 
the grid circuit with resistance. In Class B am¬ 
plifiers this is ordinarily done to improve the regu¬ 
lation of the driver stage. However, present-day 
tubes are carefully designed to minimize secondary 
emission so that this type of trouble is not common 
except where tubes are improperly operated. 

(C) An unexpected source of negative resistance 
is discovered when a curve is plotted for r-f output 
versus grid excitation in Class B r-f amplifiers. A 
decided “kink** sometimes appears in the region 
where the grid voltage becomes positive. This can 
be seen on Figure 5-72 which shows a typical 
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saturation curve. From point A to point B the out¬ 
put fails to increase properly with an increase in 
excitation. Ordinarily Class B amplifiers are oper¬ 
ated at a constant plate voltage and no curves are 
ever taken of plate voltage vs. plate current. Mr. 
A. D. Ring, Consultant, found that with the grid 
excitation at the point of the “kink” in the satura¬ 
tion curve, a negative resistance characteristic is 



Fk.. 5-72. Typical saturation curve. 


found in the plate current-plate voltage curve. This 
can cause oscillations in any resonant circuit which 
is in .series with the plate. A frequent case is oscil¬ 
lation at very low frequency in the plate supply 
filter. Although the.se oscillations can 1^ prevented 
by a bleeder resistance across the plate supply, the 
only satisfactory remedy is to make sure tliat the 
unmodulated excitation is not at the level of the 
kink. With this precaution, the negative resistance 
of the plate circuit will appear only momentarily as 
the excitation pas.ses through the critical point 
during modulation. 

(D) A very troublesome .source of negative re¬ 
sistance is the presence of gas in a tube that has 
been overloaded (gas released from the elements), 
improperly evacuated, or aged. Although ingenious 
operators have devised various remedies, the only 
certain solution is to remove the tube from service 
and replace it with a good one. In this connection, 
operating the plate circuit slightly off resonance is 
very beneficial in keeping large tubes free of gas. 
A suggested amount is to increase the tank capaci¬ 
tance beyond resonance until the plate current rises 
5 percent. 

5-10. Butterfly Circuits —Transmission lines 
are frequently employed to perform the functions of 
resonant circuits at very high frequencies, since in 
the region near resonance the curve of line imped¬ 
ance as a function of frequency has the same shape 
as the resonance curve of a circuit with lumped con¬ 
stants. High values of Q are obtainable at very 


high frequencies, particularly when concentric lines 
are employed. However, they are not the ideal 
substitute for a lumped tuned circuit, since certain 
problems in tuning are involved, including that of 
changing the length of a line without introducing 
losses and erratic variations. 

These problems prompted the General Radio 
Company to investigate the possibilities of circuits 
with lumped parameters and led to the development 
of circuits having a high degree of merit and a 
range of frequencies between 100 and 3000 me. 
General Radio identifies these tuning devices as 
“butterfly circuits” because of the shape of the 
rotors. 

The fir.st step in the development of a high-G 
lumped-tuned circuit was a wavemeter having a 
conventional tuning condenser and a single-turn in¬ 
ductor consisting of a metal band fastened to a 
ceramic ring and mounted coaxially. The stator of 
the condenser was connected to one end of the metal 
band, and a metal brush on the condenser rotor shaft 
made contact with the band. The band covered an 
arc of 270®, corresponding to the rotation of the 
condenser, and the length of the band between rotor 
and stator increased with the increase of capaci¬ 
tance. This arrangement comprised a tuned circuit 
consisting of a capacitance variable from 12 to 85 
jjLfif and an inductance variable from 14 to 99 cm. 
It covered a frecjuency range from 55 to 400 me. 
Resonance was indicated by an incandescent lamp 
or a small glow-tube carried on the rotor arm. 



Fig. 5-7.3. Contact type tuning unit covering range from 
60 to 660 megacycles. (Courtesy General Radio.) 


The range could be extended to lower frequencies 
by adding capacitance, but the top frequency was 
limited by the minimum capacitance of the tuning 
condenser and by the relatively large inductance of 
the connection to the metal band. 

Further experimentation to extend the top fre¬ 
quency led to a design shown in Figure 5-73 in 
which the capacitance varied between 7.4 and 118 
fAfii and the inductance between 7.8 and 59 cm, 
giving a frequency range of 60 to 660 me. In this 
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Fir S-74 St'itor and rotor plates of semi-butterfly tuning circuits 
Cdpacitance and induclaiue between points 1 and 2 on the stator are at 
ni ixinmin in A and inininium in D (Ceurtesy General Radio ) 


(ItMce the law of inductanec variation was deter¬ 
mined by the desipi, but the fiequency distnbution 
was determined by shaping; the condenser plates so 
that theie was produced a stiaight-lmc log;arithmic 
frequency scale which is always desirable for an 
instrument covciing a wide frequency range The 
unused part of the inductance band projecting be- 
voiid the point of contact, was closely coupled to 
the tuned circuit and lesonated at a high frequency 
The end of the band was usually connected to the 
rotor to keep the resonant fuqucncy outside the 
range of the tuned circuit 

While the top tuning lange was extended in this 
design, it had the disadvantage of sliding contacts 
which require a ceitain amount of care to insure 
low losses and trouble-free opeiation J hese diffi¬ 
culties could be avoided by replacing the contact 
spring by a capacitance member, but suppression 
of lesonance effects, obtained by shorting the end 
of the band to the rotor, is then no longer effective 
Consequently, the top frequency of the circuit had 
to be covered, and since the bottom frequency is 
raised owing to the series capacitance of the con¬ 
tact, the tuning range is reduced considerably 

5-lOa. Tuning Units Without Contacts— The 
next stage in the experimentation led to a design 
identified as the semibutterfly, as distinguished from 
the butterfly circuit 

In all the circuits discussed previously the highest 
resonance impedance was developed between a point 


on the ’*otor and a point on the stator In the semi- 
butterfly circuit the highest impedance appears be¬ 
tween two points on the stator I he stator con¬ 
sists of a semicircular band connecting two pairs of 
sectorially shaped plates lo change from the 
lowest-fiequcncy position, shown as A in Figure 
5-74, to the highest-frequency position, marked D, 
the rotor is turned through 180° In position A 
the capacitance between points 1 and 2 on the two 
stator plates is at maximum In position B the 
capacitance is almost at minimum and changes only 
slightly until position D is i cached "Ihe inductance 
between points 1 and 2 is likewise at maximum in 
position A and changes to minimum oyer position 
H and C to position />. The change in inductance 
of the semicircular band is bi ought out as the rotor 
giadually fills up the opening of the inductance loop. 
In the final position D lines of magnetic flux are 
restricted to the small clearance between rotor and 
stator In this design, wide tuning range with 
simultaneous change of lumped capacitance and 
inductance is obtained by rotation of a member 
that docs not recjuire any electrical connections 
The rotor shaft can be made of insulating material, 
and the flow of radio-frequency currents through 
the bearings of this shaft is easily avoided 

Several other designs of semibutterfly circuits 
were developed, for example, one that is employed 
in an oscillator having a frequency range from 100 
to 500 me. In this circuit the stator plates use 120° 
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Fig. 5-75. Stator and rotor plates of the butterfly tuning? circuit. 
Capacitance and inductance between iwiints 1 and 2 on the stato’* art* at 
maximum in A and minimum in D. CCourtesy General Radio.) 


sections and 240° sections for the rotor, the rotor 
turning through 120°. 

5-lOb. The Butterfly Circuit—A modification 
of the arrangements previously described was made 
by Dr. A. P. B. Peterson and accomplished a certain 
amount of electrical symmetry by opening up the 
two circuits and comiecting them in parallel. The 
result is the butterfly circuit shown in Figure 5-75. 

In Figure 5-75, A, B, C, and D correspond to 
the positions shown in Figure 5-74. Points 3 and 
3' are the electrical midpoints between terminals 1 
and 2, and points 4 and 4' are the locations for mag¬ 
netic coupling. 

While the losses in butterfly circuits cannot be 
made as low as in concentric lines, values of Q can 
be obtained that are sufficient for many applications. 
The resonant impedance of butterfly circuits is well 
within the range of plate resistance of vacuum 
tubes and changes very little from the low- to the 
high-frequency end. This makes it possible to pro¬ 
duce oscillations over the tuning range. 

5-lOc. Electrical Dissymmetry—In the tuning 
devices described above there are two impedance 
terminals designated as 1 and 2 in Figure 5-74. 
No point on any of the circuits maintains electri¬ 
cally its position relative to these terminals over the 
tuning range in the sense, for instance, of a tap on 
a coil, with respect to the ends of the winding. In 
Figure 5-74 point 3, midway electrically between 
the terminals, is symmetrically located only in the 
two extreme positions A and D and shifts toward 
terminal 2 for intermediate settings. The potential 
of the rotor is midway between points 1 and 2 in 
position A and D but shifts toward terminal 1 for 
intermediate settings. This fact is an important 
consideration in all applications. 

Any point of the circuit can be connected to 
ground, but it is convenient at times not to make 
any definite connections. This might be desirable 
in an oscillator circuit, for instance, where the plate 
and grid of a tube are connected to the two ter¬ 
minals and where the cathode is grounded. 


5-lOd. Coupling to Load—The optimum method 
of coupling a load to the circuit depends upon the 
ground arrangement. If one terminal is grounded, 
electrostatic coupling is most convenient. When 
the circuit is left floating, electromagnetic coupling 
is more desirable. The only point where effective 
magnetic coupling over the entire tuning range can 
be obtained is shown as point 4 in Figure 5-74. 

5-11. The Klystron—Conventional tubes do 
not lend themselves to the efficient generation of r-f 
energy in the microwave spectrum, since a certain 
period of time is required for the electrons to travel 
from the cathode to the plane of the grid. 'Fhe 
elapsed time is a fraction of a microsecond and is 
called the trmisit time. At a frequency of 1000 me, 
the time for one cycle is 10"^ microseconds and, in 
all but special tubes, electrons cannot reach the plane 
of the grid in this brief period. Consequently, the 
grid voltage passes through a large portion of its 
cycle during the time the electron is in flight. In 
this case only a few electrons pass beyond the plane 
of the grid to the plate since, when the grid voltage 
is sufficiently positive to allow the passage of elec¬ 
trons, the grid voltage has passed through half or 
more of its cycle and now, becoming negative, pro¬ 
ceeds to repel the electrons which have not reached 
the grid. The transit time must in general be less 
than the time for one signal cycle for satisfac¬ 
tory operation. Excessive transit time reacts as 
increased input loading which tends to limit the use 
of conventional tubes at ultra-high frequencies. 

Velocity modulation of the electron stream, simi¬ 
lar to that accomplished in a cathode-ray tube, pro¬ 
vides a method of overcoming the handicap of the 
transit time. Tubes employing velocity modulation 
were devised by R. H. Varian and S. F. Varian at 
Stanford University and were subsequently devel¬ 
oped by the Sperry Gyroscope Company, and regis¬ 
tered under the trade mark of “Klystron.” The 
terra “Klystron” is applicable to an ultra-high fre¬ 
quency amplifier or generator which combines the 
velocity modulation principles with one or more 
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cavity resonators to produce and/or utilize a 
velocity-modulated beam of electrons. 

The basic principle is that of periodically chang¬ 
ing the velocity of electrons passing a certain point 
in a tube and allowing these electrons of different 
velocities to form bunches by drifting through the 
required distance. These bunches will form due to 
the faster electrons catching up with the slower ones 
at a given point in the tube. They occur once each 
cycle of the frequency to be generated if allowed to 
travel through the tube for some convenient dis¬ 
tance, since time is required to form the bunches or 
groups. The bunches of electrons are made to de¬ 
liver their energy to a resonant circuit of special 
design, as will be described later. 

These groups of electrons, coming as they do at 
periodic intervals, act in a manner similar to a 
periodic impulse causing a pendulum to oscillate at 
a regular fre(iuency and amplitude or, in other 
words, producing waves analogous to continuous 
radio waves. 

5-1 la. Cavity Resonator—The most important 
component of the Klystron is the resonant circuit 
or cavity. It is well known that at ultra-high fre- 
(jucncies a point is reached where a single loop of 
inductance and pair of condenser plates will no 
longer serve to produce the desired frequency, sitice 
the losses become tremendous. However, since in¬ 
ductances in parallel have less inductance than one 
alone, it is possible to add a number of loops in 
parallel to decrease the inductance. 

Figure 5-76 shows the evolution of a toroid cavity 
resonator. It will be noticed that the inductance 
loops are placed between the same pair of con¬ 
denser plates. The result is a doughnut-shaped 
ring slotted within the hole at the shortest diameter, 
with two plates placed parallel to the axis of the 
doughnut, one at each edge of the slot, so that it 



Fig. 5-76. Development of a toroid cavity resonator. 


appears to be only a solid doughnut-shaped object 
with a short plug in the center. The doughnut be¬ 
comes smaller as the frequency is increa.sed. Cavity 
resonators, like transmission lines, have more than 
one resonant frecjuency, as, for example, a long 
transmission line has an infinite number of resonant 
frequencies, which occur when the length of the line 
is an integral number of quarter or half wave 
lengths. In this case there will be nodes of current 
and voltage equally spaced along the line. A single 
number in such a case is sufficient to specify the 


order of the harmonic frequencies as related to the 
fundamental. In a cavity resonator it is possible 
to have current or voltage nodes in three dimensions 
and. consequently, three numbers are required to 
specify the order of a certain harmonic. The 
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Fig. 5-77. Cut-away view of a Klystron tube. 


higher resonant frequencies are not integral multi¬ 
ples of the lower ones. It can be seen that this is 
(luitc different from the case of a simple coil and 
condenser circuit, which has but one resonant fre¬ 
quency, provided the dimensions are negligible com¬ 
pared with the wave length. 

Figure 5-77 shows a cutaway photograph of the 
410R/2K30 Klystron and Figure 5-78 a generalized 
diagram. The electron gun, which comprises the 
cathode assembly, furnishes a beatn of electrons 
with a uniform average velocity beyond the anode 
plane marked “smoother grid.” A radio-frequency 
field between the grids of the resonator, usually 
called the “buncher,^’ will modify the velocity of 
the electrons passing these grids. The electrons 
which have been speeded up by the bunchcr will 
overtake, in the drift space beyond the bunchcr, the 
electrons which left the bunchcr earlier but were 
slowed down during the previous half cycle. As a 
result, the beam current between the grids of the 
second or ‘‘catcher” resonator will be pulsating or 
bunched, and if the second resonator is tuned to the 
bunching frequency the beam will deliver power 
to the “catcher.” Coupling to the resonators is ob- 
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laitied with small wire loops which lead to the co¬ 
axial terminals, sometimes referred to as “antenna- 
seals.” 



Fir,. 5-78. Schematic view of a Klystron. (By permis- 
si«)n of Sperry Clyroscope Co,, Inc., from Klystron Technical 
Manual, A. E. Harrison.) 


5-1 lb. Overbunching—The power output of a 
Klystron amplifier is influenced considerably by the 
tuning of the input resonator, as shown by Figure 
5-79, which shows the output of the output reso¬ 
nator when the tuning of the input resonator is 
changed. As the input resonator tuning is varied, 
the bunchcr voltage will follow the usual symmetri¬ 
cal resonant curve. When the input resonator is 
badly detuned on one side, the buncher voltage will 
be less than that required to give maximum output. 



Fic;. 5-79. Characteri.stic curves fur a Klystron amplifier. 


resulting in decreased output from the maximum 
value of the output resonator. 

When the tuning is such that the buncher voltage 
is correct for maximum output, a peak will be ob¬ 
served in the catcher output. When the input reso¬ 
nator is tuned to resonance, the buncher voltage 
will be increased and causes a reduction in the 
output from the Klystron amplifier. Consequently, 
when the output of the output resonator is plotted 
as a function of the tuning of the input resonator, 
the characteristic curve will have a double peak 
which is typical for overbunched velocity-modulation 
tubes. 

5-1 Ic. Frequency Range of Cavities—Cavity 
resonators are designed to be operated over a range 
of several percent of their fundamental frequencies. 
Tuning is accomplished by a mechanical means of 
“stretching” the tube to change the distance between 
the bunchcr grids and the catcher grids. Figure 
5-80 shows a cutaway of a type 410-R Klystron 
with model ll-(' tuner. The frequency of the tube 
may be altered over a rather wide range by means 
of the three tuning struts for each cavity. These 


r 



i|i I 

Fig. 5-80. Type -tlO-R Klystron with model H-C tuner. 

three struts operate against the center ring midway 
between the two resonators and stretch the anode 
end and the cathode end away from the center, thus 
altering the distance between the buncher and 
catcher grids, tension springs are used to keep the 
end plates bearing against the struts. Close exami¬ 
nation of Figure 5--80 will disclose the vernier tun¬ 
ing mechanism and gradifated scale. A micrometer 
type barrel operates a screw and wedge to expand 
or contract the length of one of the three tuning 
struts. Other tuning methods are applicable; for 
example, if the cavity is outside of the tube, tuning 
may be accomplished by screwing plugs into the 
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cavity, effectively chang^ing: its volume. The fre¬ 
quency of a reflex oscillator may also be changed 
by variation of either the reflector voltage or the 
acceleration voltage. 

5“lld. Klystron Oscillator—It has been previ¬ 
ously explained how oscillations are produced by 
an amplifier when sufficient energy is fed back from 
the output to the input with the correct phase rela¬ 
tion. Oscillations arc generated by a Klystron am¬ 
plifier by connecting a feedback line in the form of 
a short coaxial cable between one of the coaxial 
output terminals and the input to the input reso¬ 
nator as shown in the photograph of Figure 5-81. 



nil 


l''i(.. .S-Kl. Type 410-R Klystron with model 11-C tuner 
and coaxial feedback coupling loop 

The phase of the feedback depends upon two fac¬ 
tors: (1) the relative tuning of the input and output 
re.sonators and (2) the transit time between the 
huncher and catcher grids and, consequently, only a 
certain beam voltage will satisfy the phase condi¬ 
tions for generating oscillations. To accomplish 
this the beam voltage must be adjusted to the cor¬ 
rect value and the two resonators tuned to the 
same frequency simultaneously. 

5-1 le. The Klystron in Frequency Modulation 
—Since the transit time affects the pha.se relation 
in the feedback circuit, there will be a variation of 
frequency if the acceleration voltage of the Klystron 
oscillator is changed. This means that a very stable 
power supply having a minimum of a-c ripple mu.st 
l)e employed if the output of the oscillator is to be 
free of amplitude and fre(iuency modulation. It is 
obvious that this characteristic of the Klystron o.s- 
cillator lends itself to frequency modulation merely 
by varying the acceleration voltage. 

5-llf. Klystron Cascade Amplifiers—There is 
one type of Klystron amplifier which may be con¬ 
sidered as a two-stage amplifier within a single tube. 
In this type of Klystron amplifier the electron gun 


directs a beam of electrons along the axis of the 
tube past three cavity resonators. The electronic 
action is as follows. A small r-f voltage at the grid 
of the input resonator slightly modifies the velocity 
of the electrons. A small amount of bunching oc¬ 
curs in the region between the first and second 
resonator grids. This bunching may not be ade¬ 
quate to give maximum output from the second 
cavity resonator, but does introduce an r-f voltage 
at the grids of the second cavity, and this voltage 
is larger than the voltage at the buncher, which 
was required to produce the velocity modulation. 
As a result, the electrons are remodulated by the 
action of the second resonator or cascade buncher. 
This additional velocity modulation is sufficient to 
cause adequate luinching when the electrons reach 
liu position of the third resonator of the cascade 
amplifier. 

5-1 Ig. The Klystron in Frequency Multipliers 

—A Klystron oscillator produces an r-f current 
rich in harmonics and consequently lends itself to 
frequency multiplication. In order to accomplish 
this, it is necessary that the relative phase of the 
two resonant cavities he such that bunches of elec¬ 
trons hit the catcher at a time, which will cause the 



Fig. 5-82. Cut-away view of resnatron and cross section 
(at arrows). A is the anode, C cathode, G grid, S the ac¬ 
celerator or screen. The close positioning of grid and 
cathode will be noted. (Courtesy Westinghouse.) 
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Fig. 5-83. The resnatron. (Courtesy Westinghousc.) 

oscillations to build up, and the catcher cavity must 
necessarily he desifjned for the harmonic frequency 
required. 

5-1 Ih. Efficiency and Power Output—The 

power gain from a single-stage Klystron amplifier 
may be in the neighborhood of 5 to 20. The gain 
of a three-stage cjiscade amplifier may be 1000 or 
more. The ideal cfiiciency of a Klystron amplifier 
is 58 percent, but in actual practice efficiencies are 
considerably less. Radio-frequency power output 
ranges from less than one watt to several hundred 
watts. 

5-12. The Resnatron— The resnatron, a tube 
capable of operating continuously with outputs of 
50 kw or more in the ultra-high frequency region, 
was developed in 1938 by Dr. David H. Sloan and 


Dr. L. C. Marshall at the University of California 
while seeking a high-power source of high fre¬ 
quency for electron acceleration. During World 
War II Dr. Sloan and Dr. W. B. Fritter and their 
co-workers at the Westinghousc Research Labora¬ 
tories developed models which were used success¬ 
fully to jam the operation of enemy radar systems. 

The design of the resnatron takes into considera¬ 
tion the transit time effect and heal dissipation, both 
of which are of importance and cannot be avoided 
at very high frequencies if appreciable power is to 
be attained. 

The resnatron is a tetrode consisting of a cylin¬ 
drical cathode bearing 24 emitting filaments, a con¬ 
trol grid, an accelerating grid, and an anode. The 
cathode assembly can be seen in Figure 5-82. In 
addition, the resnatron has two resonant cavities— 
one between the cathode and control grid, and the 
other between the accelerating grid and the anode, 
which operate in a manner similar to the familiar 
LC tank circuit. 

The fourth element, or accelerating grid, is em¬ 
ployed to insure efficient operation. The ideal 
method of operation calls for the accelerator to be 
operated at the same potential as the anode; how¬ 
ever it is much simpler to control the transit time 
by variation of the accelerator grid iioteiitial, 
thereby making the spacing between the electrodes 
much more critical. 

As mentioned in Section 5-11, at very high fre¬ 
quencies, the transit time—the time taken by elec¬ 
trons to travel from the cathode to the anode—be¬ 
comes so great that the electrons are not moving 
in the right direction with respect to the (r.f.) field. 
Employing the analogy of the pendulum, this would 
be tantamount to continuing the pulse in one direc¬ 
tion after the motion of the pendulum had already 
started in the other. This difficulty can be over¬ 
come by decreasing the dimensions of a tube, but 
no matter how careful the design, some electrons 
will collide with the tube element and the kinetic 
energy of these electrons is converted into heat upon 
striking an electrode and may be of sufficient in¬ 
tensity to melt it. 

If appreciable power is to be obtained at high 
frequencies, the design of the tube must be such 
that the transit time does not interfere with its 
operation. In order to obtain high efficiency, it is 
necessary to have the phase relation such that the 
electrons start from the grid at such a time that 
they reach the anode before the (r.f.) field re¬ 
verses itself. 

5-12a. Cathode Characteristics —To insure good 
power output—50 kw or more—^as well as good 
modulation characteristics, a tremendous demand is 
imposed on the cathodes of the resnatron. The 
current density for a unit area is a function of the 
cathode material and its temperature; hence the 
most practical way of increasing the power output is 
to increase the current per unit area from the cath- 
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ode by increasing its temperature and consequently 
shortening its life. 

Therefore to obtain sufficient current the cathodes 
of the resnatron are run at such high temperatures 
that normal life expectancy is 100 hours and, con¬ 
sequently, the cathodes are designed for easy 
replacement. 

5-12b. Cooling —The design of the resnatron 
grid overcomes many difficulties encountered in 
trying to provide a high amplification factor and 
at the same time prevent disintegration of the tube 
elements by electrons colliding with these elements. 

Because of the position of the control grids in 
the tube and its small size, water cooling is difficult. 
If the usual practice were followed in construction 
and the control grid made larger so as to provide 
for cooling, the resultant increase in grid-to-cathode 
spacing necessary would result in decreased ampli¬ 
fication factor. The design of the resnatron con¬ 
trol grid simultaneously overcomes these difficulties 
in an ingenious manner. 

5-12c. Characteristics —Figure 5-82 shows a 
cut-away view and cross section of the electronic 
portion of the resnatron. The (lesij»n features and 
their effect on the operation of the resnatron are best 
described in the words of Dr. F. \V. Boggs, for¬ 
merly of the Westinghouse Research Laboratories.^^ 

“Because the tube is entirely water cooled, copper 
tubing figures as one of the most important require¬ 
ments in its construction. The accelerator is a grid 
made of copper tubes through which cooling vyater is 
circulated. T'he anode is a coil of coi)per tu!)C in some 
t)f the designs. In others, dependent upon the fre- 

11 The Resnatron—A Generator of Microxeaves, Boggs, 
K. W., IJ^estnighousc Jinyincer, March 1947. 


quency application, different arrangements are used. 
In general, however, the anode is cooled by a copious 
flow of water. The different portions of the tube are 
brazed together in a hydrogen furnace or, in some in¬ 
stances, soft-soldered or torch-brazed. The few joints 
necessary for assembly of the tube arc bolted with rub- 
l)er or tin gaskets to assure a vacuum-tight joint. 

“The circuit elements of the tube are included in the 
vacuum envelope of the tube for two reasons: (1) to 
permit short leads to tlie circuit elements, and (2) to 
prevent dielectric heating losses at a glass-to-metal seal 
facing the tank circuit. 

“The first is olwious but the second is the important 
reason for the inclusion. If the i ircuit elements of the 
tube are external, inevitably tliere must be some tube 
envelope exposed to the high fields of the lank circuit. 
This follows trnm fhe fact that the high-voltage point 
of the tank circuit must be electrically joined to the 
anode. At resnatron operating fre(|ucncies this would 
cause considerable power loss in the glass, creating a 
violent temperature rise which would demolish the glass. 
l^^)r example, if the power output is 50 kw and the O is 
100, there will be 5000 kw in tlie tank circuit. The 
voltages are correspondingly great so that the dielectric- 
heating effect would be severe. Hy placing the circuit 
elements in the interior of the tube, it is pcjssible to ex¬ 
clude the r.f from the insulating materials, thus remov¬ 
ing a very serious obstacle to iiractical tube construction. 

“The circuit elements in the resnatron are sections of 
coaxial line. Two methods of tuning have been used. 
In the first, the lines are shortened at one end and termi¬ 
nate in a variable condenser at the other end. In the 
second, the line is .shorted at both ends, the position 
of one short being variable. This end-plug is water- 
cooled, and the contacts placed at the ends of Syfiihons 
or metal bellows which expand under cooling-water 
pressure. In this manner, full electrical contact is as- 
.sured at all times. 

“'J'he resnatron is used principally as an oscillator, 
where feedback is obtained by means of a probe extend¬ 
ing from the cathode into the anode cavity. For the 
re.sultant phase shift (90“) a suitable transit time is 
chosen.” 



CHAPTER 6 


AMPLITUDE MODULATION 


Perhaps the best method of approachthe sub¬ 
ject of amplitude modulation in radio telephony is 
first to review briefly the principles [governing the 
operation of the conventional wire telephone. 

6-1. The Wire Telephone —The simplest tele¬ 
phone arrangement consists of a carbon microphone, 
a telephone receiver, and a battery connected as 
shown in Figure 6-1. A moving sound wave, 
which is composed of alternate regions of air in a 
state of compression and rarefaction, causes the 
diaphragm to vibrate at the frequency and relative 
amplitude of the sound wave. These vibrations arc 
exerted on a mass of carbon granules enclosed in a 
small containing cup. The resistance of this mass 
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Fki. 6-1. A simple telephone circuit. 


of carbon granules varies as a function of the 
applied pressure and, as a result, the magnitude of 
the battery current flowing in the microphone cir¬ 
cuit is varied at a frequency and amplitude corre¬ 
sponding to the frequency and amplitude of the 
sound wave, as suggested by Figure 6-2. This 
varying current, in passing through the telephone 
receiver, is converted back into a sound wave similar 
to that originally impressed upon the diaphragm of 
the microphone. The process by which the vari¬ 
ations of microphone resistance arc .superimposed 
upon the normal value of current is called modula¬ 
tion, and the microphone circuit current is said to 
be modulated. I'he normal value of battery cur¬ 
rent may be called the carrier current because it is 
the agency which makes possible the transmission 
of the sound wave in the form of current variations. 
The variations themselves are called the modulation 
or modulating current. The modulated carrier can 
be considered as being composed of two components 
—the normal, or carrier, current and the varying, 
or audio, component produced during the modula¬ 
tion process. Since the amplitude of the carrier 
current changes during modulation, tliis process is 
known as amplitude modulation. 

From the standpoint of making the most efficient 
use of a given carrier current, a high percentage 


of modulation is desirable. In Figure 6-2a, the 
peak amplitude of the modulating current is equal 
to one-half the value of the carrier current. Tn 
this ca.se, the percentage of modulation is said to be 
50 percent. In Figure 6-2b, the peak amplitude of 
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Fig. 6-2. Graphs showing the modulation process in a 
simple telephone circuit. Tn (a) the normal telephone 
current is modulated 50 percent; in (b) 100 percent; in 
(c) the modulation exceeds 100 percent and the negative 
peaks arc cut olT. 

the modulating current is equal to the value of the 
carrier current. This constitutes 100-pcrcent modu¬ 
lation and represents the maximum and most effi¬ 
cient utilization of the carrier current. Should 100- 
percent modulation be exceeded, the carrier current 
actually will be cut off by the negative peaks of the 
modulating current as shown in Figure 6-2c. The 
carrier current is then said to be overmodulated and 
severe distortion will result. 
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6-2. Elementary Methods of Modulation—In 

amplitude-modulated radiotelephone systems, the 
battery of the wire telephone is replaced by a radio¬ 
frequency generator whereas the telephone receiver 
is replaced by a radio receiver. The radio-frequency 
(carrier) current supidied by the generator is radi¬ 
ated by the antenna in the form of electromagnetic 
waves. A small portion of these waves are con¬ 
verted back into a high-frequency current when they 
pass the receiving antenna. This current, though 
small in magnitude as compared to that at the trans¬ 
mitter, conforms exactly in frequency and relative 
amplitude with the current in the transmitting an¬ 
tenna. Therefore, any change that we may make 
in the current at the transmittitig antenna will be 
reproduced at the receiver. In other words, we 
may consider the antenna current at the transmitter 
to be a carrier current, since any variation in its 
value will be accompanied by a similar variation 
at the radio receiver. 

A simple method of varying ('or modulating) the 
antenna current is to connect a carbon microphone 
directly in the antenna circuit as shown in Figure 
6-3. Since the antenna current must pass through 
the microphone, its value will be affected to some 


vastly superior methods of modulation now avail¬ 
able. Among the shortcomings of these methods 
of modulation are: 


1. The percentage of modulation obtainable is 

low. 

2. They are limited to use in transmitters of ex¬ 

tremely low output because of heating of the 
micro])hone. 

3. They are limited to the use of the carbon 

microphone which, as it is connected in the 
r-f circuit, must employ ve»*y short leads 
and be located directly at the transmitter. 





Fk;. 6~,1. a simple method of modulating a CW carrier. 


extent by the resistance of the microphone. A 
sound wave actuating the microphone diajdiragm 
causes changes in the inicro])hone resistance and 
thus produces modulation of the antenna current. 

Another simple method of producing amplitude 
modulation is shown in Figure 6-4. In this case, 
the microphone is coupled to the antenna circuit 
instead of being placed directly in series with it. 
In Figure 6—4a, the coupling is conductive, while in 
Figure 6-4b, the coupling is inductive. "Uicse 
methods of modulation are known as “absorption” 
modulation. The version of Figure 6-4b is some¬ 
times called “loop” modulation. 

The elementary methods of modulation described 
are workable and actually were used to obtain modu¬ 
lation in the early days of radiotelephony. They 
have many shortcomings, howTver, and are never 
found in present-day equipment because of the 


Fi(.. 6-4. Absorption modulation, (a) Conductive 
coupliuK. (b) inductuf cou]>1inK. 


6-3. Modulation Systems —The elementary sys¬ 
tems of modulation were very poor w'ilh regard to 
electrical efficiency because they operated on the 
power output of the high-fre(juency oscillator or 
amplifier. This method of operation can be com¬ 
pared to a loaded d-c generator whose output volt¬ 
age is varied by means of a variable resistor in the 
output circuit of the generator. A better way to 
accomplish the same control is to vary one of the 
factors which govern the magnitude of the gener¬ 
ated voltage. 

In the ca.se of a high-frequency generator using 
an oscillating vacuum tube, it is extremely undesir¬ 
able to modulate the oscillating tube, as the fre¬ 
quency of oscillation is affected by the modulation. 
Because of this, it is necessary to modulate an r-f 
amplifier tube, the oscillator only supplying r-f 
excitation to one of the amplifier stages. The o.scil- 
lator is usually isolated from the modulated r-f 
amplifier stage by several “buffer” stages. 

A triode r-f amf)lifier stage can be modulated by 
varying its (1) grid bias voltage; (2) d-c plate 
voltage; (3) grid excitation voltage. These meth¬ 
ods form the basis of two general systems of ampli¬ 
tude modulation, namely; grid modulation and plate 
modulation wdiich are used extensively in radio¬ 
telephone transmitters. Variations of these meth¬ 
ods are employed in transmitters where the modu¬ 
lated amplifier is a tetrode or a pentode. 

6-4. Form of Modulated Wave —When an r-f 
carrier wave is amplitude modulated, its amplitude 
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is varied in much the same manner as the d-c carrier 
current in a wire telephone circuit. The form of 
the r-f envelope when modulated by a single audio 
frequency is illustrated in Figure 6-S. It will be 
noted that the amplitude of the carrier current is 
symmetrical above and below the zero line since 
both the positive and negative sides of the r-f cycle 
are affected equally by the modulating signal. 



Fig. 6--5. Wave with sinsoidal modulation, (a) 50 percent 
modulation, (h) approximately 95 percent modulation. 


The degree of amplitude variation in a modulated 
wave is often expressed in terms of the degree of 
modulation, symbolized m. In terms of m, 1.0 
equals complete or 100-percent modulation, 0.5 
equals 50-percent modulation, etc. The term 7n will 
be encoutitered fretiuently later in this chapter. 

6~5. Side Bands in Amplitude Modulation— 
Amplitude modulation is a process of combining an 
i-f carrier and an audio (or video) modulating sig¬ 
nal. Because of the heterodyning action which 
results, with the subseiiuent “beat frequencies,” 
there are produced new frequencies eijual to the 
sum and difference of the radio and audio frequen¬ 
cies involved. These new frequencies are known 
as “side freciuencies” or “side bands.” 

As an example, let us assume that a carrier fre¬ 
quency of 600 kc is modulated by an audio fre¬ 
quency of 5000 cycles (5 kc). In addition to the 
carrier frequency of 600 kc, two new frequencies 
will now be present; an upper side frequency of 600 
plus 5, or 605 kc, and a lower side frequency of 600 
minus 5, or 595 kc. 

The width of the band necessary to transmit such 
a signal will be 10 kc, the difference between the 
upper side frequency and the lower side frequency. 
Ordinarily modulation is not composed of a single¬ 


frequency sine wave but of many complex frequen¬ 
cies of speech and music, so that we have not a 
pair of side frequencies, but two “side bands” of 
frequencies, each as wide as the band of audio 
frequencies being transmitted. Such a modulated 
wave occupies a channel, or band of frequencies, 
the width of the channel being two times the high¬ 
est modulating fretjucncy. 

Side bands are present only when modulation is 
taking place, the frequency and amplitude of the 
side bands being determined by the characteristics 
of the modulating signal. The intelligence being 
conveyed in the modulated wave is contained in the 
side bands and not in the carrier wave. It can 
therefore be seen that the maximum effectiveness 
will be obtained when as much power as possible 
is put into the side bands. This is accomplished 
when the modulation is as great as possible, that is, 
when the amplitude of the carrier is reduced com¬ 
pletely to zero during the negative swing of the 
modulation cycle. 

When both side bands are radiated, as is usually 
the case, the system is referred to as double side¬ 
band transmission. It is possible to attenuate one 
side band and thus reduce the bandwidth necessary 
for transmission to that of the highest modulation 
frequency employed; in the example given, this 
would be 5 kc. Such Single side-band transmission 
is used in commercial point-to-point radiotelcphony 
(see Section 18 of this chapter). 

6-6. Power in Side Bands —The percentage of 
the totJil power which appears in the side bands, 
assuming sinusoidal waveform, can be calculated 
from the formula: 


P.i == 


1 4 - 


X 100 


therefore, when the carrier is completely or 100- 
percent modulated, the pow’er in the side bands will 
be; 


From this it can be seen that in a completely modu¬ 
lated carrier one-third of the total radiated power 
is contained in the side bands, while two-thirds of 
the power remains in the carrier. 

When the modulation is 50 percent, the power in 
the side bands will be: 


0 5 * 


or only % of the total radiated power. 

The power in an a-c sine wave varies as the 
square of its amplitude. Since the amplitude of a 
modulated carrier is 1 4- m times the amplitude of 
the unmodulated carrier, the ratio of the peak power 
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of the modulated carrier to unmodulated carrier can 
be found by squaring 1 + w or, as an equation: 

^ = (I + m)* 

In 100-percent modulation, m ecjuals 1; hence the 
peak power will be two scjuared or four times the 
unmodulated carrier power. Therefore, during 
peaks of complete modulation, the modulated stage 
must produce output power peaks four times as 
great as the unmodulated carrier power. 

6-7. Plate-Modulated Class C Triode Ampli¬ 
fiers —Plate modulation employs a conventional 
Class C r-f amplifier adjusted in such a manner 
that the tube’s output voltage will be proportional 
to the applied plate voltage. The plate voltage is 
then varied in accordance with the desired modula¬ 
tion. This variation of plate voltage is accom¬ 
plished by coupling an audio power amplifier, known 
as the modulator, to the d-c plate supply circuit of 
the modulated tube in such a manner that the audio 
voltage is superimposed on the d-c supply voltage. 

The most widely used system of plate modulation 
employs a transformer, known as the modulation 
transformer, to combine the a-f power generated in 
the modulator with the d-c supply to the modulated 
stage. This method of modulation is illustrated in 
Figure 6-6. The modulator stage may employ 



Fig. 6—6. Plate modulated Class C triode amplifier. 


tubes operating as Class A, Class AB, or Class B 
amplifiers. Tliis same arrangement may be used 
with a single-ended modulator, rather than the 
push-pull arrangement illustrated; however, in this 
case, it would be necessary to operate the modulator 
tube as a Class A amplifier. Inasmuch as the audio 
output power from a single modulator tube operated 
as a Class A amplifier is relatively small, such an 
arrangement would be restricted to use in low- 
power tran.smitters. 


To obtain 100-pcrcent modulation with the ar¬ 
rangement shown in Figure 6-6, it is necessary that 
the output power from the modulator tubes and the 
turns ratio of the modulation transformer be so 
chosen that the voltage supplied to the modulated 
r-f amplifier will vary between zero and twice the 
normal d-c supply voltage. 

6-7a. Modulation Power Requirements —Com¬ 
plete, or 100-percent, plate modulation requires 
audio power equal to one-half the d-c plate input of 
the tube being modulated.’ This can be shown as 
follows: During modulation, the alternating current 
from the modulators is superimposed on the direct 
plate current of the tube being modulated. This is 
shown in 1^'igure 6-7, where is the steady direct 
current without modulation and Ij^ax variation 



Fig. 6-7. DiaKram sluming insianlancous value of 
plate current during modulation. 

of plate current during modulation. This is to say 
^umx peak value of the alternating current, 

and, if we make the assumption of sinusoidal wave 
form, the effective value of alternating current is 
0.707 /„mx« "Ike effective value of the combined 
steady direct current with the alternating current 
superimposed is: 

/eff = V77'+ (0.7077,...x)* 

Since power varies as the square of the current, 
the power represented by the combined currents 
may be calculated from the formula: 

P = (7/7 -f 

where Ri = the resistance through which the modu¬ 
lated current flows. During periods of no modula¬ 
tion, the power input to the plate of the modulated 
stage is: 

P * h^Ri 

which also may be stated 

P = Pb X h 

Therefore 

EbX h Ib^ X Ri 



1 It is assumed that the modulation is .sinusoidal, other¬ 
wise the stated power ratio does not hold. 
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Since the d-c portion of the plate input power is 
constant, the power required to modulate the plate 
current to (Imux/h) percent is 
When the plate current is completely modulated 
(100 percent), I^ax equals /&, and the a-c power re¬ 
quired is found to be 50 percent of the d-c plate 
input power. 

The value Ri mentioned above is known as the 
modulating impedance and represents the load into 
which the modulator operates. Since it is necessary 
to operate audio amplifiers, including modulators, 
into a load of the correct value in order to obtain 
maximum output with low distortion, it is apparent 
that Ri must be chosen to suit the requirements of 
the audio output stage, or modulator. 

The load presented to the modulator is equal to 

~ where Ilj, is the d-c plate voltage and Ip the d-c 
Ip 

plate current (in amperes) of the r-f amplifier. 

The load presented to the modulator may be 
adjusted to some extent by adjusting the plate volt¬ 
age and plate current of the modulated tube, but, 
more commonly, it js accomplished by a proper 
choice of the ratio of primary to secondary turns 
in the modulation transformer coupling the modu¬ 
lator tubes and the plate circuit of the r-f tube. 
This transformer, which is a conventional audio 
output transformer, is sometimes designed to carry 
the direct current of the modulated tube through its 
secondary winding, in which case it is provided 
with a large core with an air gap, as are all iron- 
core devices carrying both a.c. and d.c. 

It is interesting to compute the percentage of 
modulation obtainable when the audio power avail¬ 
able for modulation is less than 50 percent of the 
d-c plate input of the modulated stage, that is, less 
than that required to accomplish lOO-percent 
modulation. 

Audio power is proportional to the square of the 
percentage of modulation (up to 100 percent) or: 


- k X Paudio 


Put into words, the above etpiation means: ‘The 
degree of modulation squared is proportional to the 
modulating power.” k indicates proportionality: its 
value need not be known as it cancels out during 
the calculation, as will be shown. The above equa¬ 
tion also could have been written 

m = (Paudio) 

which in words means: “The degree of modulation 
is proportional to the square root of the audio 
power.” 

The use of these equations will be illustrated by 
means of an example in which the d-c power input 
is assumed to be 800 watts, which we know can be 
fully modulated by 400 watts of audio power if the 
modulation is sinusoidal. Our problem is: If we 


have but 200 watts of audio power, what degree of 
modulation can be obtained ? 


For 400 watts: m{^ = k (400) 
For 200 watts: (200) 


Dividing the first equation by the second: 

= k (400)A (200) 


At this point k cancels out and as Wi is known to 
be 1, we have: 


inverting 

therefore 


l/mo- = 400/200 = 2 
nur — \/2 

m, = VT72 = 0.707 


This is equivalent to 70.7 i)crcent modulation. 

6-7b. Antenna Current—It is possible (al¬ 
though not recommended, see page 163) to make a 
calculation of the percentage of modulation from 
the rise in antenna current when the transmitter is 
modulated by a sustained audio sine wave. If the 
unmodulated antenna current is denoted by 7 and 
the fractional increase during modulation by A/ 
then 

m = V(2A/)(2 + A/) 


For example, if the antenna current during pe¬ 
riods of no modulation is 4 amp, and during modula¬ 
tion it increases to 4.9 amj), the increase would be 
22.5 percent. Substituting: 

m = V(2 X 0.225) (2 +”(^22^ = V0.450 X 2.225 
w = 1 

w = 1 X 100 = 100% 

If the antenna current had increased only 10 per¬ 
cent, then: 

m = V 2 X 0.1(2 + 0.1) = VoU 
m = 0.65 

m = 0.65 X 100 = 65% 


It is convenient to calculate the percentage ot 
modulation by the use of a current-squared instru¬ 
ment coupled to the modulated stage. Full-scale 
deflection of the Weston 301 thermo-galvanometer 
requires a current of 115 ma, the scale being divided 
into 100 equal divisions. The current for any scale 
deflection may be found by the following relation: 

I = ii.sVz) 


where D = the deflection 

If the meter is coupled to the transmitter so that 
a reading of 40 scale divisions is obtained without 
modulation, from the above equation the current at 
this deflection will be 72.77 ma. If the transmitter 
is now modulated and the pointer reads 60 scale 
divisions, the current will be 89.08 ma. The ratio 
of these two readings is 1.226, which is that re¬ 
quired for 100-percent modulation. 
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The percentage of modulation may be calculated 
from 

’’-'fW-') 

and since the scale divisions arc already current- 
squared values, 

^ = - ’) = = VT 

m — 1 

w = 1 X 100 = 100% 

It will he shown later (Section 6-12) that the 
measurement of modulation by either of the two 
methods which have just been described is of little 
practical value, since the relative values of the posi¬ 
tive and negative peaks cannot be determined and 
since there are other sources of inaccuracy. 

6-7c. Antenna Power —When the carrier is un¬ 
modulated, the power in the antenna is: 

Pr = L^R 

where Pc = power in unmodulated carrier 
li = unmodulated antenna current 
R = the resistance of the antenna at the 
point where the current is read 


Percent 

Modulation 

Percent In<T.^aac in 
Antenna Curient 

Percent Inc?ease in 
Current Sciuared 
Calvjinoineter 

100 

22.5 

50.0 

90 

18.5 

40.5 

80 

14.9 

32.0 

70 

11,6 

24.5 

60 

8.6 

18.0 

50 

6.1 

12.5 

40 

3.9 

8.0 

30 

2.2 

4.5 

20 

1.0 

2.0 

10 

.3 

.5 

0 

0 

0 


The increased output power during modulation 
appears in the side-band frequencies and it is 
through the medium of these new frequencies that 
speech, music, or other forms of intelligence are 
transmitted. Since the received signal depends, in 
general, upon the Variations in the amplitude of the 
wave, it is obvious that the most efficient use of 
the carrier wave is accomplished when it is com¬ 
pletely or 100 percent modulated. 

6-7d. Modulation with Complex Wave Forms 
—In the foregoing discussion of modulating power 
it has been assumed that the modulating voltage was 
a single-frequency sine wa\e, therefore the peak 
value was 1.4 times the effective value and over¬ 
modulation became possible when the audio power 
exceeded 50 percent of the d-c input to the modu¬ 
lated stage. This does not hold true when dealing 
witli complex wavt* forms such as are encountered 
in both speech and music, and it must be as¬ 

sumed that overniodulation cannot occur merely be¬ 
er use the audio system is of the correct size or 
smaller. 

6-7c. Circuit Relationships During Modulation 

—^To provide a convenient reference for .showing 
the relationship of the various factors thus far dis¬ 
cussed as a function of the i)ercentage of sinusoidal 
modulation, the following table has been prepared: 


Relative Audio 
Power Reriuired 

Percrnit of Power 
Radiated in 

Side Bunds 

Ratio Peak Power 
to Unmodulated 
I*ower 

100.0 

33.3 

4.0 

81.0 

28.8 

3.6 

64.0 

24.2 

3.2 

49.0 

19.7 

2.9 

36.0 

1.S.3 

2.7 

25.0 

11.1 

2.3 

16.0 

7.4 

2.0 

9.0 

4.3 

1.7 

4.0 

2.0 

1.4 

1.0 

.5 

1.2 

0 1 

0 

1.0 


If the carrier is modulated by an audio frequency, 
the antenna current will increase since additional 
power is developed by the amplifier tube delivering 
power to the antenna. The power in the antenna 
also increases and can be calculated from the follow¬ 
ing formula, which applies to sinusoidal modulation: 


where Pm = power in modulated carrier 
m = degree of modulation 

If the carrier is completely modulated sinusoid¬ 
ally, tn is equal to 1, the power during modulation 
is increased 1.5 times, and the antenna ammeter 
(which reads the effective value of the current and 
not the power) increases in reading to VI.5 or 
1.226 times its reading with no modulation. 


'riic most striking point shown by this table is 
that even with lOO-percent modulation, the radiated 
power still consists largely of “carrier” which con¬ 
tains no intelligence frequencies and appears to 
constitute a mere loss of power. In fact, the steady 
carrier component, in theory, need not be radiated 
as it is possible to accomplish reception provided 
that a correctly adjusted carrier is supplied at the 
receiver. The strength of the received signal in 
such a case depends entirely upon the power radi¬ 
ated in the form of side bands. In commercial 
transoceanic telephony one side band as well as the 
carrier frequently is suppressed, the carrier fre¬ 
quency being subsequently restored at the receiver 
by a suitable radio-frequency oscillator. A large 
power saving at the transmitter results, but unfortu¬ 
nately this type of receiver is highly specialized, and 
hence is not available for general public use. 
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6-8. Choke-coupled (Heising) Plate Modula¬ 
tion —Another method of plate modulation, 
sometimes known as the “Heising” or “constant- 
current” system of modulation, employs choke coup¬ 
ling between the modulator tube and modulated 
amplifier. The d-c plate power for both the modu¬ 
lator and the modulated amplifier, which is usually 
supplied from a common source, flows through a 
large inductor which provides a high impedance to 
audio frequencies. 

The modulator operates as a Class A audio am¬ 
plifier with its output power being superimposed 
upon the d-c supply voltage to the r-f amplifier. 
The load into which the modulator operates is the 
plate circuit of the r-f amplifier. As with plate 
modulation employing transformer coupling, if 100- 
percent modulation is to be obtained, the audio out¬ 
put of the modulator must be capable of driving 
the d-c voltage applied to the r-f amplifier from 
zero to twice its normal unmodulated value. 

The original Heising circuit arrangement is 
shown in Figure 6-8. This circuit arrangement is 
not capable of 100-percent modulation, nor was it 
intended to provide it, for this circuit originated in 
the early days of radiotclcphony when the tube 
which was modulated was the r-f oscillator. 




fier, after which comes the r-f amplifier stage to 
be modulated. More intermediate stages are com¬ 
mon in transmitters of considerable power, either 
to raise the power level or to provide additional 
oscillator protection or, in some cases, to double or 
otherwise raise the frequency before the modulated 
tube is reached. 


c 




(b) 



Fir,. 6-8. The original Heising system of plate modula¬ 
tion, employing choke coupling between the modulator and 
modulated oscillator. The circuit shown, wherein the oscil¬ 
lator is modulated, is seldom used today. 

With the appearance of more numerous stations 
and more selective receivers, it became essential to 
abandon modulation of the oscillator because of the 
rapid frequency waver which resulted during modu¬ 
lation. This “dynamic instability” has the practical 
effect of making the signal very broad and hence 
producing inordinate interference. To avoid this, 
the modern radiophone transmitter, except at ex¬ 
tremely high frequencies, does not modulate the 
oscillator, nor even a tube adjacent to the oscillator. 
Thus the simplest r-f system capable of proper 
modulation by present standards consists of a well- 
stabilized oscillator (usually crystal-controlled and 
further stabilized by temperature control and sepa¬ 
rate power supply), which feeds a “buffer” ampli¬ 


Fig. 6—9. Two methods of obtaining 100 percent modu¬ 
lation w’ith Heising modulation, (a) employs a by-passed 
voltage-dropping resistor in the plate circuit of the r-f tube; 
(b) employs a dual-winding choke coil, one winding of which 
feeds the modulator tube, the other the r-f tube. A voltage 
dropping resistor is included in the winding feeding the r-f 
tube. 

The apparently onerous complication of the r-f 
system by these additions is justified by the lessening 
of interference and by the great increase in effi¬ 
ciency. The reason for the greater efficiency is 
that, when modulating an oscillator, modulation 
greater than 50 percent (an optimistic estimate) is 
not possible with acceptable fidelity. From the table 
of Section 6-7e it can be deduced that only about 
11 percent of the power radiated is in the form of 
side bands, the useful part of radiation. 

Modifications of the original Heising system of 
modulation have been devised whereby it is pos¬ 
sible to attain 100-percent modulation, assuming, of 
course, that an r-f amplifier stage is modulated. 
Two such arrangements are shown in Figure 6-9, 
both circuits being connected in such a manner that 
the r-f amplifier operates at a lower d-c plate volt¬ 
age than the modulator tube. 

The simpler arrangement is that shown in Figure 
6-9a, which employs a voltage-dropping resistor in 
the plate circuit of the r-f amplifier tube. To pre¬ 
vent a loss of audio power in this resistor, there is 
provided a large by-pass condenser, the impedance 
of which must be low compared to the value of 
the dropping resistor used. 
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The circuit of Figure 6~9b employs a dual- 
winding choke coil for coupling, one winding feed¬ 
ing power to the modulator, the other to the r-f 
amplifier. A voltage-dropping resistor is included 
in series with the winding that feeds power to the 
r-f amplifier. The advantages of such an arrange¬ 
ment lie in the fact that such a dual-winding induc¬ 
tor is usually less expensive than a single-winding 
inductor of larger current-carrying capacity and. 
since both windings are on the same iron core, it 
is possible to choose the direction of winding to 
balance out magnetic core saturation due to the 
direct current flowing through the windings. 

It has been previously stated that when an audio 
power amplifier is employed as a modulator, the load 
resistance is an important consideration. Consider 
a Class A audio modulator in a choke-coupled 
modulation system in which 100-percent modulation 
is accomplished by providing a dropping resistor 
in series with the plate supply to the modulated r-f 
amplifier. 

The load or impedance into which the modulator 
works is determined by dividing the d-c plate volt¬ 
age of the r-f amplifier by its plate current and it 
should approximate the modulator’s rated load im¬ 
pedance. Exact agreement is not essential in low- 
impedance Class A audio tubes. Assume the modu¬ 
lator is operating with 1000 volts at 60 ma plate 
current and that the rated power output as a Class 
A amplifier is 35 watts for a load resistance of 3500 
ohms. The plate voltage and plate current of the 
modulated stage necessary to provide the desired 
load impedance to the modulator can be determined 
by the application of Ohm’s law as follows: 

P 

Eh = — and Ib = 

I h 



where Eh = d-c voltage on r-f amplifier 

Ib = d-c current in amperes to r-f amplifier 
P = product of Eh and Ih and twice modu¬ 
lator output power in watts 
Rl “ load resistance for modulator in ohms 

Solving for by substituting the known values: 

Ih = ^ 0.140 amp = 140 ma 

and ^''0 = volts 

0.140 

'File voltage d’*op between the modulator and r-f 
amplifier is ''rdculated by subtracting the applied 
V()ltage on the former from that re(]uired on the 
1 f amjdifier, or 1000 — 500 = 500 volts. The total 
d-c current of the r-f amplifier will flow through 
the resistor so its value is also calculated from 
01 law. 


^ = 6.140 = 

The heat dissipation is or 70 watts. A 200- 
watt resistor will provide an adequate margin of 
safety. 

Figure 6-10 shows a schematic diagram of a por¬ 
tion of the Western Electric Type 105-C' tele|)hone 
tran.smitter and is introduced at this point to illus¬ 
trate a commercial apj)lication of the arrangement 
in Figure 6-9b. This circuit falls under the classi¬ 
fication of low-level modulation since the output of 
the modulated stage is further amplified before 
being applied to the transmitting antenna. The 
second intermediate amplifier is the modulated 
stage in this transmitter. Deep modulation, ap¬ 
proaching 100 percent, is obtained in this stage by 
using the double choke arrangement of Figure 6-9b. 
A single 250-watt tube is used as the modulator to 



Fig. 6-10. Schematic diagram showing circuit of Figure 6-9b used in a 
Western Electric transmitter. 
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modulate the 50-watt second intermediate r-f ampli¬ 
fier tube instead of using two or three tubes of the 
SO-watt size. This design provides a wide margin 
of safety with regard to heat dissipation in the 
modulator and permits operation of the second 
intermediate amplifier at its full power output and 
plate voltage rating. If several smaller tubes were 
used in the modulator, it would, be necessary to 
operate the intermediate amplifier at a plate voltage 
below normal and thus limit its power output. 

The function of other circuit components shown 
in Figure 6-10 are: The r-f grid chokes and L 2 
serve to keep r-f currents from backing into the bias 
supply. The r-f plate chokes L 3 and L 4 serve a 
similar function for the plate supply. Ci and Co 
are grid-isolating condensers and are used for the 
purpose of keeping the bias voltage from being 
applied to the tank circuit inductors L 5 and Lg. 
Cg and C 4 are by-pass condensers. C 5 and are 
plate-blocking condensers. C 7 and Cg serve as 
tank-tuning condensers for the tank circuit of the 
first intermediate r-f amplifier. C,, serves a similar 
duty for the tank circuit of the second intermediate 
r-f amplifier, the tank inductor being L 7 . C^o is 
the neutralizing condenser for the second r-f ampli¬ 
fier. The resistors Ky, R 2 , Rz ^or the 

purpose of reducing the plate supply voltage of 
1600 volts to 1000 volts, the rated value for the 
50-watt tubes. The iron-core inductors Lr and Lq, 
together with the condenser C and resistor R^, form 
the circuit for obtaining deep modulation. In this 
and many other high-power radiotelephone equip¬ 
ments, the modulated tube does not feed the antenna 
but is followed by a Class B r-f stage or else a 
Doherty r-f stage. The resistor R 4 serves as a 
loading resistance for the tank circuit of the .second 
(modulated Class C) r-f amjdificr. Its function is 
to provide a more constant load for this stage to 
offset the variable load presented by the third (Class 
B or Doherty) r-f amplifier. This loading of the 
modulated tube is essential because low distortion 
plate modulation can be obtained only under con¬ 
stant load conditions. By making the variable load 
(produced by variation in grid current of the Class 
B or Doherty r-f amplifier during modulation) small 
in comparison to the fixed resistance load, satisfac¬ 
tory operation is obtained. 

6-9. Plate Modulation of Tetrodes and Pen¬ 
todes —When a tetrode (or a pentode connected 
as a tetrode) is to be plate-modulated, there is a 
tendency toward distortion at the higher modulation 
levels. This distortion is largely avoided by supply¬ 
ing the screen current through a series resistor from 
the unmodulated plate supply, thus introducing a 
tendency toward self-modulation of the screen 
which must not have a large by-pass condenser. In 
the case of a pentode, however, the series screen- 
resistor must derive its voltage from the modulated 
plate supply for lowest distortion, hence and 


the audio power demand must be figured on the 
basis of the current drawn by both plate and screen, 
using the full plate supply voltage as the other 
factor. Modulation of the screen alone is inter¬ 
mediate between these systems and the suppressor 



Fig. 6-11. Pentode Class C amplifier with simultaneous 
modulation of screen grid and plate. 

grid modulation system described in Section 6 -10b 
with regard to both audio requirements and carrier 
power. 

6-10, Grid-bias Modulation —In this system 
of amplitude modulation the a-f modulating voltage 
is applied to the grid of an r-f amplifier stage of 
the transmitter. Consider the circuit of Figure 
6-12. The secondary of an a-f transformer is con¬ 
nected directly to the electrical center of the grid 
circuit of a push-pull r-f amplifier. One terminal 
of the secondary of the a-f transformer is returned 
to the negative bias supply, and adequate filtering is 
provided to prevent radio- or audio-frequency cur¬ 
rents from feeding back into the bias supply. The 
center of the grid inductance is brought to ground 
through condensers that do not have sufficient 
capacitance to by-pass appreciably the audio- 
modulating frequencies. This method of grid-bias 
modulation is employed by the Western Electric 
Company in several of their transmitters. It will 
be noted that, although the grids are out of phase 
with respect to the r-f excitation voltage, the a-f 
voltages operate as if the grids were in parallel 
since the grid inductance offers no reactance to the 
audio frequencies. 

Referring to rule 3.52 of the FCC, it will be noted 
that the operating power of a broadcasting station 
is determined by indirect measurement of the plate 
input power of the final r-f stage. The plate volt¬ 
age is multiplied by the total plate current of the 
last r-f stage, and this result is multiplied by an 
efficiency factor. When stations use grid-bias 
modulation in the last r-f stage, the efficiency factor 
is 0.25 as compared to 0.70 for plate modulation. 
The efficiency is low because the r-f excitation must 
be greatly reduced when such modulation is em- 
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Fiu. 6-12. (irid bias imKlulatitm as t*ii»pK»ycd in a Wf^tcrn Klcctric transmitUT. 


ployed. The installed tube capacity must be ten 
limes the carrier power. Tbe W.E. type 12-A 
transmitter, employinp^ j^^rid-bias modulation in the 
final stage, uses two 5()0-watt tubes in push-pull to 
provide a lOO-watt carrier. Similarly, the FCC 
rates tbe power of tbe W.E. 212-E tube at 250 
watts when used as a plate-modulated r-f amplifier, 
whereas the same tube, when modulated by grid 
bias, is given a rating of only 50 watts. 

One advantage of grid-bias modulation is that 
the audio level necessary to accomplish complete 
modulation is very low, thus obviating the necessity 
of employing large a-f stages and their associated 
power supplies. The W.E. 12-A transmitter (100 
watts output, 455 watts input) reijuires only 0.6 
watts of audio power to provide 100-percent 
modulation. 

On the other hand, 100 watts of carrier power 
can be produced with plate modulation using a pair 
of the much smaller 50-watt W.E. 211-D tubes, 
and since the efficiency of plate-modulated tubes 
is greater (70 percent) it is found that the d-c 
input for an output of 100 watts is about 143 watts. 
The audio demand, therefore, is 143/2 = 73 watts, 
which may be supplied by various Class B tube 
combinations whose power demand varies from 25 
or 30 watts (nonmodulating) to 150 watts (full 
modulation). The total power demand accordingly 
varies from 180 to 300 watts. Although the cost 
of the larger tubes used in grid-bias modulation is 
saved in plate modulation, the additional audio 
stages required partly cancels this saving. 

Referring to Figure 6-13, the d-c grid-bias volt¬ 
age is shown adjusted to approximately one and 
one-half times cutoff (the value necessary to re¬ 
duce the plate current to zero) R-f excitation is 
then applied until the required unmodulated output 
is obtained. A-f voltages then vary the effective 


bias in such a manner that the peak r-f grid voltage 
is varied between zero bias and cutf)ff and a com¬ 
pletely modulated r-f outinit is obtained. (The r-f 
peak voltage equals approximately two-thirds bias; 
the a-f peak voltage for full modulation ccjuals 
one-third bias; hence the greatest momentary sum 
of their two a-c voltages equals the total bias.) 
In this particular transmitter, sufficient r-f voltage 
is applied to the grids just to reach the point where 
they become positive and grid current flows on the 
peaks of modulation. During modulation when the 
unmodulated carrier is adjusted to 100 watts, 400 
watts of peak power is delivered to the antenna. 
The maximum plate efficiency is 50 percent and the 
unmodulated efficiency one-half of this value, or 25 
percent, corresponding to the efficiency factor au¬ 
thorized by the FCC for broadcast transmitters em¬ 
ploying grid-lnas modulation in the r-f amplifier 
stage feeding the antenna. It is ai)parent that in 
order to obtain a 100 watt carrier, 300 watts are 
dissipated by the tube ])late when there is no modu¬ 
lation, the input being 400 watts at such times. 
During modulation the efficiency improves and the 
plate cools off. 'I'hus it may be said that a grid- 
bias-modulated tube operates with fixed plate input 
and variable plate efficiency. 

6-lOa. Grid-bias Modulation at Higher Effi¬ 
ciency —In the grid-modulation system described 
above, very little power is taken from either the 
audio or r-f grid driving sources because the grid 
always operates in the negative region. It will be 
noted that the “carrier” condition compares with 
ordinary Class A audio work as to both grid bias 
and efficiency, while during modulation the system 
works near the positive grid region at the efficiencies 
associated with Class AB audio work. The logical 
conclusion is that higher efficiency may be obtained 
by swinging into the positive grid region, provided 
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Fig. '6-13. Operating cliaracteristies of grid-mocliilated radio frequency amplifier. 


that the consequent distortion can be eliminated as 
successfully as in the Class B audio push-pull am¬ 
plifier. Experiments along^ this line have been con¬ 
ducted and described in radio literature. In one 
system, described by J. N. A. Hawkins, distortion 
at high modulation levels is suppressed by the use 
of compound grid bias, one portion of which is 
fixed, while the other is derived from a cathode 
resistor and is varied in the proper manner to effect 
some correction. 

In the case of a grid-modulated pentode, the grid- 
modulation method may be employed in the negative 
grid region only if very small output is acceptable. 
Such tubes arc accordingly grid-modulated (usu¬ 
ally) with r-f and audio voltages about twice as 
great (relative to the bias) as stated in the paren¬ 
thetical note in Section 6-10. Under these condi¬ 
tions modulation acceptable for speech transmission 
can be obtained with a plate-circuit efficiency around 
33 percent for the unmodulated carrier, that is, 
about one-half the carrier power provided by the 
same tube with plate and screen modulation. This 
value is about 3 times the carrier power obtainable 
with negative grid operation. Although in this case 
the control grid does demand some power from both 
the r-f and audio sources, the demand is moderate 
because of the ease with which a pentode is driven 
for moderate positive grid excursions. 

6-lOb. Suppressor Grid Modulation —The cir¬ 
cuit arrangement shown in Figure 6-14 is used to 
modulate pentode r-f amplifiers by varying the 
voltage of the suppressor grid. This method of 
modulation falls into the same class as the ‘‘higher 
efficiency” grid-bias modulation just discussed. Ap¬ 
proximately the same degree of efficiency is ob¬ 


tained, and the tube operates with variable effi¬ 
ciency. The adjustment is somewhat easier than in 
control grid modulation, and the distortion on posi¬ 
tive modulation peaks tends to be somewhat higher. 
This form of modulation is encountered principally 
in amateur and experimental transmitters intended 
primarily for telegraphy and provided with the 
simplest possible auxiliary modulation equipment. 



Fig. 6-14. Suppressor grid modulation of pentode. 


It must be understood that for either suppressor 
grid modulation or control grid modulation it is 
necessary to employ different electrode voltages 
from those used when the same pentode acts as a 
plate-screen modulater or as a telegraph amplifier. 
The correct values are given in tube data supplied 
by the manufacturer of the tube. 
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6-11. Series Modulation —Although its use has 
been confined generally to European stations, the 
principles of series modulation have been known 
for years. Tests have proved that satisfactory fre¬ 
quency response and other performance character¬ 
istics are obtainable at both high and low powers. 
The British Marconi Company has employed series 
modulation, since 1933, in a transmitter having an 
output of 30 kw which, in turn, operates into a 
300-kw Class B linear amplifier. With this linear 
amplifier operating at 30-percent efficiency, it was 
found possible to modulate up to 90 percent with 
a distortion factor of less than 4 percent. 



Fig. 6-15. Equivalent circuit of series modulation sy'^tem. 

Since the use of a modulation choke or trans¬ 
former is not required in series modulation, the 
circuit is capable of uniform frequency response 
over a wide band of frequencies, d his feature may 
encourage the use of series modulation in television 
transmitters as they are required to transmit a very 
wide band of frequencies with a minimum of fre¬ 
quency discrimination. Series modulation found 
application during World War II in radio ‘^counter- 
measures” equipment. It was used to modulate 
magnetron tubes in transmitters requiring the trans¬ 
mission of a wide band of frequencies for the pur¬ 
pose of ^'jamming.** 

The equivalent circuit of a series modulation sys¬ 
tem is shown in Figure 6-15, and an elementary 
circuit showing the tube arrangement is shown in 
Figure 6-16. It will be noted that the filament 



Fig. 6-16. Elementary circuit schematic showinj^ series 
modulation of Class C radio frequency amplifier. 


circuit of the modulated Class C amplifier is above 
ground potential. If desired, the modulator can be 
placed above ground potential and the filament of 
the r-f amplifier grounded: however, the former 
permits a more convenient arrangement of grid 


bias. The capacitance of the r-f by-pass condenser, 
C, must be very small, otherwise high modulation 
frequencies will be shunted to ground. 

Referring to Figure 6-15, the plate supply £5 
has connected in series with it two resistances, 
corresponding to the Class C r-f amplifier of Figure 
6-16 and R„^ variable in value and corresponding to 
the Class A modulator. If it is assumed that R^^ 
and are equal, the plate supply voltage will 
divide equally across them {Ji„ ~ Em)- Now if 
is varied in value from zero to infinity, the voltage 
across the fixed resistance K„ (modulated ampli¬ 
fier) will vary from its normal value (unmodulated 
carrier) to twice that value and to zero, therefore 
accomplishing complete modulation of the r-f 
amplifier. 

In practice, it is not possible to employ tubes 
having the ideal ohmic resistance reiiuired to reduce 
the modulator resistance to zero or with a symmetri¬ 
cal grill swing to make its resistance infinite. How¬ 
ever, by judicious choice of modulator tube and by 
correct adjustment of modulator grid bias so that 
with no modulation the voltage across the modu¬ 
lator is higher than that of the Class C amplifier, it 
is possible to obtain a peak voltage on the latter of 
twice the carrier value and also reduce it nearly to 
zero, thereby accomplishing a very high percentage 
of modulation. 

The relatively high plate supply voltage recjuired 
for series modulation is no longer a serious diffi¬ 
culty since generators have largely been replaced by 
rectifier-filter systems, but the series arrangement 
of tubes and the high voltage itself continue to make 
the system comparatively costly and somewhat more 
dangerous to equipment and personnel. 

6-12. Uncertainty of Measuring Modulation by 
Antenna Current Increase —W'^hen an r-f carrier 
is modulated, the rms output is increased. As the 
amount of increase depenils upon the jicrcentage of 
modulation Csee table in Section 6-7e), it is the¬ 
oretically possible to measure the modulation per¬ 
centage by noting the rise in antenna current. Ex¬ 
perience has shown that this is too inaccurate to be 
of any practical value. There are tw^o reasons why 
this is so. 

In measuring modulation, we are concerned with 
peak values (instead of average or rms values) be¬ 
cause it is the peaks which may overload the trans¬ 
mitter and cause distortion. If the wodulation is a 
single pure tone, there is a fixed relation between 
the peak value and the rms value. For such modu¬ 
lation the antenna current should increase 22 % per¬ 
cent when the peaks of modulation are 100 percent. 
Unfortunately, the modulation is usually not a single 
pure tone (except when the transmitter is being 
tested with an audio signal generator) but is very 
complex. For complex waves such as occur in 
speech and music there is no fixed relation between 
the rms value and the peaks. This makes it impos¬ 
sible to determine the value of the peaks by reading 
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the antenna ammeter which indicates the rms value. 
The increase in antenna current during modulation 
is a measure of modulation only to this extent—^no 
increase indicates a low percentage of modulation; 
a slight increase of perhaps S to 10 percent indicates 
fairly high modulation; and an increase of more 
than 15 percent is almost certain to mean over¬ 
modulation. These are general statements and by 
no means constitute a measurement. 

The second reason why the antenna current is an 
unreliable indicator of modulation is that it is diffi¬ 
cult to determine how much of the antenna current 
change is properly caused by the modulation. Un¬ 
less the transmitter has absolutely no distortion, the 
positive and negative modulation peaks will not be 
equal.- If the positive peaks are greater than the 
negative peaks, there will be a greater tendency 
for an antenna current increase, and the change will 
be greater than would be computed for the degree 
of modulation present. On the other hand, if the 
negative peaks are the greater, the antenna current 
will have less tendency to rise, and the change will 
not be as large as would be expected. In fact, in 
extreme cases the antenna current will not rise, or 
may even dip during modulation. Although such an 
extreme occurs only when the distortion is quite 
noticeable, even an unnoticeably small amount of 
distortion can produce a large change in the com¬ 
puted modulation. Thus the increase in antenna 
current cannot be used as a measure of modula¬ 
tion even under test conditions using pure tone 
modulation. 

6-13. High-level and Low-level Modulation— 

A high-level modulation system is one in which the 
final stage of the transmitter is modulated, that is, 
the amplifier stage feeding the antenna. In low- 
level modulation, the modulation is accomplished at 
some earlier stage of the r-f amplifier system, hence 
the final r-f stage or stages operate as Class B 
linear amplifiers. In high-power radiotelephone 
transmitters, the low-level system is the less expen¬ 
sive, especially when the Class B linear amplifiers 
are operated in one of the improved efficiency 
circuits. 

6-14. Class B R-f Amplifiers —The Class B 
linear r-f amplifier as used after a modulated stage 
requires critical adjustments of loading, bias, and 
excitation. The necessity for having good regula¬ 
tion of the r-f driver has been stressed in the pre¬ 
vious chapter. If the linear amplifier is operated 
with bias beyond cutoff, it is possible to have com¬ 
plete modulation of the positive peaks even though 
the Class C amplifier stage is modulated only 60 to 
70 percent. This was intentionally done in several 
early broadcast transmitters for the purpose of 
‘‘picking up modulation.” When done accidentally 

2 If the positive and negative peaks are equal, it does not 
prove that there is no distortion since it is possible that 
both peaks could be distorted equally. 


after a fully modulated Class C stage, it produces 
an overmodulated output. 

A positive carrier shift ^ in a linear amplifier 
usually indicates excessive negative bias or too low 
an output impedance, or both. A negative shift is 
indicative of too low a bias, excessive r-f excitation, 
or load impedance too high, or a combination of all 
three. 

6-15. Interference —Some of the conditions 
which usually result in causing interference to 
other stations will be reviewed here. 

1. Overmodulation, Whenever a transmitter is 
modulated in excess of 100 percent (or if the modu¬ 
lation capability of the transmitter is exceeded be¬ 
fore reaching 100 percent), interference beyond the 
normal bandwidth reejuired for transmission results. 
“Modulation capability” is the limit of symmetrical 
modulation. 

2. Parasitic Frequencies, Certain types of high- 
voltage tubes utilize the effects of secondary grid 
emission to aid excitation during the positive swing. 
A form of regeneration, at times it may result in 
the generation of self-oscillations having a fre¬ 
quency determined by the grid current. Other 
causes may likewise produce parasitic frequencies. 

3. Improper Neutralisation. Failure to neutralize 
all r-f amplifiers properly will cause the generation 
of spurious side bands during peaks of modulation. 

4. Phase Modulation, There are several condi¬ 
tions which may cause phase modulation, such as 
poor regulation of the driving stage, the presence 
of a regenerative or degenerative power in the grid 
circuit (picked up from the tank or antenna cir¬ 
cuit), or failure to tune the tank circuit to exact 
resonance. 

5. Frequency Modidation. Frequency modulation 
is also a common cause of excessive band width in 
an amplitude-modulated transmitter. It may be 
caused by the oscillator being amplitude-modulated 
by reaction from the modulated amplifier. This 
condition, if present, can be identified by failure to 
secure a steady zero beat during modulation when 
the carrier is tuned in on a receiver and heterodyned 
by a stable oscillator. 

6-16. Miscellaneous Modulation Difficulties— 

When distorted modulation cannot be remedied by 
adjustments of excitation, loading, or bias, it is well 
to look for a defective tube, particularly the modu¬ 
lator, modulator driver, or the tube being modulated. 

If the modulation monitor shows excessive nega¬ 
tive peaks and carrier shift downward with normal 
r-f excitation, it is a sign of low filament emission 
of the tube being modulated. Before subjecting the 
tube to an emission test or substituting another 
tube, the filament voltage should be checked at the 
socket terminals. 

If the carrier shift is downward and the modula¬ 
tion peaks are equal, the power supply should be 

8 See Section 6-24 for discussion of “carrier shift.” 
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checked for regulation. Usually this condition is 
observed when a Class B modulator and the modu¬ 
lated amplifier have a common power supply. 

Class B modulators are very likely to produce dis¬ 
tortion because of the necessity of a close balance 
between the two tubes. Since it is rare for both 
tubes to develop trouble at the same time, tube 
trouble can usually be noticed by an uncciual swing 
on the two plate current meters. ( This is not pos¬ 
sible if only one meter, reading the total current, 
is provided.) Unequal swings may be due to other 
causes. For this reason, the two tubes should be 
switched in the sockets. If the low swing changes 
to the other meter when the tubes are shifted, the 
trouble is most likely a defective tube. The tube 
showing the lower plate current swing should be 
replaced. If practical, it is better to replace both 
tubes with a pair that have been especially selected 
for good balance. If the same meter continues to 
show a low swing when the tubes are interchanged, 
the trouble lies not in the Class B tubes but in the 
modulated amplifier (the r-f portion of the trans¬ 
mitter). (The assumption is that the driver and 
all the preceding audio amplifier stages are operat¬ 
ing properly: for this reason it is recommended 
that the checking begin in the audio amplifiers.) 
Likewise, if the Class B plate current swings are 
equal for both tubes, it is probable that the di.stor- 
tion is in the r-f section of the transmitter. 

A frequent cause of distortion that is difficult to 
isolate is a weak plate supply rectifier tube. How¬ 
ever, if the plate voltages or plate currents are 
checked, the trouble can be spotted. The remedy is 
obviously to replace the rectifier tube. 

If one of the audio amplifier stages is in trouble, 
the most likely cause is a defective tube. This can 
be conveniently tested by substituting a new tube. 
If the trouble persists, it is necessary to check the 
operating voltages. Apart from defective connec¬ 
tions, resistors often may change in value or may 
open. Likewise, by-pass condensers may break 
down and thus short-circuit plate or grid-bias volt¬ 
age. Do not neglect to measure the filament volt¬ 
age since an improper voltage may cause low fila¬ 
ment emission and thus introduce distortion. Occa¬ 
sionally some fault will short-circuit a portion of a 
de-coupling circuit. This short circuit will not 
change the voltages on the tube and therefore is 
often difficult to locate. Such trouble can be cleared 
only by carefully checking each circuit item. 

If Class B modulators are used, trouble in this 
stage may be indicated by an abnormal action of the 
plate current—either by dipping instead of increas¬ 
ing or by an irregular shift, easily distinguished 
from the small upward pulses that follow heavy 
modulation when operating normally. A large up¬ 
ward shift indicates trouble in the Class B stage 
rather than trouble in the driver. 

Most radiotelephone transmitters have several 
stages of audio amplification, as well as the modu¬ 


lators, included in them. As no jacks are provided 
for headphone monitoring (the level is much too 
high to permit it), the performance of each stage 
cannot be checked by a listening test. As a general 
rule, all stages preceding the modulator are oper¬ 
ated in Class A. Fortunately, Class A amplifiers 
indicate distortion by a change in their plate cur¬ 
rent. Accordingly, a plate current reading .should 
be taken of each audio amplifier stage in order, 
starting at the input. The proper order is neces¬ 
sary because the distortion introduced by the de¬ 
fective stage passes an unsymmetrical signal to the 
next stage aiid may cause a varying plate current 
in that stage n though it is working properly. 

6~17. Single Side-band Suppressed-Carrier Ra¬ 
dio Communication —Single side-band suppressed- 
enrrier radio communication is used extensively in 
transoceanic /adiotelepbony and provides an equiva¬ 
lent improvement m rjidiatcd power of approxi- 
ma.:l} 8 db over the conventional double side-band 
system. 

Jn one system of single side-band suppressed- 
carrier radiotelephone operation, the carrier fre¬ 
quency IS completely suppressed at the transmitter 
and subsequently restored at the receiver by means 
of a suitable local oscillator. In another system, the 
carrier is only partially suppressed. In the latter 
the partially suppressed carrier may be separated 
from the side band at the receiver by means of a 
suitable filter, whereupon it is amplified independ¬ 
ently to the required strength. 'J'he carrier is then 
said to be reconditioned. 

The reconditioned carrier may be recombined 
with the side band just prior to demodulation; or 
the reconditioned carrier may be employed to syn¬ 
chronize the frequency of a local oscillator which is 
combined with the side band. The reconditioned 
carrier may be employed, in either case, for auto¬ 
matic volume control purposes. 

In single side-band systems, it is usually neces¬ 
sary to employ (juartz crystal filters at the transmit¬ 
ters to obtain the necessary attenuation of the car¬ 
rier and one side band, while passing, with little 
attenuation, the side band it is desired to radiate. 

An economical method of fully utilizing a com¬ 
munication channel, often used in transoceanic 
radiotelcphony, is to modulate each side band of 
the carrier with individual conversations. In this 
way, two different transmissions may be accommo¬ 
dated simultaneously while employing a single car¬ 
rier frequency. 

In the following section the word ‘"modulation” 
is used in a manner which is common among scien¬ 
tists. While this usage differs from that of the 
prior pages of this chapter there is no basic differ¬ 
ence in the idea. In this book we have used “modu¬ 
lation” to mean only the process by which a smooth 
stream of r-f power is caused to vary in accordance 
with music, voice or other “intelligence*’ which is 
to be transmitted to a distant receiver where it will 
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Fig. 6-17. Block schematic of single side-band transmitter. (Courtesy I.R.F..) 


be reproduce!. The process is always to feed two 
inputs (for instance r.f. and music) into a modu¬ 
lating device whose output is then found to contain 
the frequencies which were fed in, plus new fre¬ 
quencies which are mathematically predictable. In 
the simple amplitude-modulation example of section 
6-*5 we had: 


First input. 600 kc 

Second input. 5 kc 


and the output was found to contain 600 kc, 5 kc 
and also 60S kc (sum of inputs) and 595 kc (the 
difference of the inputs). As is usually the case, 
not all of these frequencies were wanted, hence 
tuned circuits were used to select the wanted ones. 

Another kind of ‘^modulation** differing but 
slightly from the above is encountered when both 
inputs are at radio frequency. A familiar case is 
that of the common superheterodyne receiver. 


Here we may have, for example: 

First input (from antenna). 1000 kc 

Second input (from oscillator in receiver). 1465 kc 

In this case the “modulator” is called a “converter** 
or “mixer** or “translator** and formerly it was also 
called “first detector.** The output, as expected, 
contains these frequencies: 1000, 1465, 2465 and 
465. Only the last is wanted; therefore it is se¬ 
lected by a tuned “i-f amplifier.** This is the type 
of “modulation** referred to hereafter. 

6-18. A Short-wave Single Side-band Radio¬ 
telephone System —In the following paragraphs 
is given a summary of a transmitting and receiving 
system employed by the American Telephone and 
Telegraph Company in transoceanic telephone 
service.** 

* A. A. Oswald. “A Short-Wave Single Side-band Radio 
Telephone System.” Proc, IRE, Vol. 26, December 1938. 
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**Transmitter System. The arrangement of the single 
side-band radiotelephone transmitter used in this system 
is shown in Figure 6-17. The arrangement shown is 
complete for twin-channel operation. Cliannel A is the 
upper side band from the first step of modulation. 
Channel B is the lower side band. Three steps of 
modulation are employed to reach the final frequency, 
which may be any frequency between 4(KX) kilocycles 
and approximately 22,000 kilocycles. The conversion 
frequency (which in this case is the carrier frequency) 
for the first modulation step is 125 kilocycles. This fre¬ 
quency is derived from a multivibrator held in sub¬ 
harmonic relation by a 625 kilocycle quartz crystal oscil¬ 
lator. The first modulators are in duplicate, one for 
each channel. They are balanced modulators and a 
high degree of balance is maintained to suppress the con¬ 
version frequency in the output. Filters employing 
tjuartz crystals for some of the elements follow each first 
modulator. The filter in ('hannel A selects the upper 
side band lying between 125.1 and 131 kilocycles. The 
filter in channel B selects the lower side band lying l>e- 
tween 119 and 124.9 kilocycles. When only a single 
channel is wanted the R modulator and filter are omitted. 

“The amplitude of the radiated carrier is controlled by 
adjustment of the gain of the carrier-resupply amplifier 
which receives its input from the 125 kilocycle source. 
The signal outputs of the channel filters and the 125 
kilocycle carrier are coml)ined and applied to the .second 
modulator. This is also a balanced modulator and a 
conversion frequency of 2500 kilocycles is employed. A 
harmonic generator driven by the 625 kilocycle oscillator 
supplies this frequency. The filter following this modu¬ 
lator selects the resultant upper side band, passing the 
hand from 2619 to 2631 kilocycles. The suppression of 
the lower side band is at least 60 decibels. 

“The third modulator is not balanced. The frequency 
of the wanted side-hand output from this modulator is 
sufficiently far removed from the conversion frequency 
so that the selectivity of ordinary amplifier circuits is 
sufficient to suppress the conversion frequency and the 
unwanted side-hand products without a special filter. 


This is an important feature because the circuits between 
the input of the transmitter and the third modulator re¬ 
main fixed and are independent of the final radiated 
frequencies whereas the output circuits of the third 
modulator and all su!)sequent circuits require tuning 
when the radiated frequency is changed. The conver¬ 
sion frequency supplied to the third modulator depends 
on the final freciuency desired. For a radiated carrier 
frequency /, which is 10,000 kilocycles or above, the 
conversion frequency is / minus 2625 kc. If / is less 
than 10,000 kilocycles the conversion frequency is / plus 
2625 kilocycles. This conversion frequency is supplied 
by a harmonic generator driven by a quartz-crystal oscil¬ 
lator. Low-tempcrature-coefficient crystals are used 
without temperature control. 

“Following the third step of modulation a scries of 
amplifiers in cascade raise the level of the signal to 
the power rcfjMired. In this transmitting system the 
final side-band frequency is derived at low power. The 
vacuum tubes employed in the system up to and including 
the first final-frequency amplifier are all conventional 
receiver type tubes. 

“A monitor is provided in the transmitter by means 
of .''hich distortion products in the transmitter output 
can be measured. A small amount of the transmitter 
output is combined in a demodulator with the third tran.s- 
mitter conversion frequency so as to produce a side band 
between 2625 and 2631 kilocycles in the case of channel 
A and between 2619 and 2625 kilocycles in the rase of 
channel H. I'he 25(X) and 125 kilocycle conversion fre¬ 
quencies arc combined in a separate modulator and the 
sum is used in a balanced second demodulator to de¬ 
modulate ^ the 2625 kilocycle side band to reproduce the 
input frequencies. There are no channel filters provided 
in the monitor and consequently there is no means of 
separating the channels should they both be active. 

*'Receivimi System. The block arrangement of the re¬ 
ceiver is shown in Figure 6-18. This diagram shows 
the equipment for twin-channel reception, b'or single 
channel operation the B-channel equipment is omitted. 

6 “Demodulation" as used in this section means “detection." 
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“The receiver is designed to operate at any frequency 
in the range from 4000 to 22,000 kilocycles. This range 
is covered by two separate high frequency amplifiers and 
first demodulators. In order to attain a high degree of 
circuit stability, two separate sets of high frequency 
equipment are used rather than the more conventional 
method of changing coils. The received-carrier fre¬ 
quency is translated to 2900 kilocycles in the first de¬ 
modulators. Following the first demodulator are filters 
which discriminate against frequencies which would cause 
interference in the 100 kilocycle second intermediate- 
frequency circuits. The relatively low frequency of 100 
kilocycles is used for the second intermediate frequency 
in order to obtain the sharp cutoff characteristics re¬ 
quired of carrier and channel filters. A 3000 kilocycle 
quartz crystal beating oscillator is used at the second 
demodulator to translate the 2900 kilocycle carrier to 
the 100 kilocycle. 

“Following the second demodulator the circuit is 
branched to (1) a carrier-reconditioning and automatic- 
ain-control circuit, (2) the channel-A amplifier and 
Iter circuits, and (3) the channel-B circuits, when 
required. The carrier-amplifier circuit supplies recondi¬ 
tioned carrier at constant volume for demodulating the 
signal at the third demodulators. It also supplies volt¬ 
ages to the gain control rectifier and to the automatic 
frequency control circuits. Quartz crystals arc em¬ 
ployed in the carrier filter and for some of the elements 
of the channel filters. These filters furnish high attenu¬ 
ation to frequencies outside of their respective pass 
bands, and have extremely sharp cutoff characteristics. 
The bandwidths arc 40 cycles for the carrier filter and 
5900 cycles for the channel filters. 

“In order to maintain the signal in the proper relation 
to the crystal filters, a system of automatic frequency 
control of the first beating oscillator is employed. The 
frequency of the first beating oscillator is adjusted by a 
control motor in such a manner that the frequency of 
the reconditioned carrier is maintained in synchronous 
relation with that of a high precision 100 kilocycle quartz 
reference oscillator. This reference oscillator may also 
be used to furnish a local carrier for the final demodula¬ 
tion as an alternative to the normal reconditioned carrier. 

“Helation Bettveen Channels and Side Bands. In any 
single side-band transmitter where all equipment preced¬ 
ing the last stage of modulation remains fixed regardless 
of the radiated frequency, the side band and carrier at 
the input to the final modulator will always appear in 
the same frequency position. If the conversion fre¬ 
quency for the final step of modulation is placed above 
the desired radiated frequency the relative position of 
side band and carrier will be inverted, but if the con¬ 
version frequency is placed below the desired radiated 
frequency the position will not be changed. In a receiver 
wherein the second and third demodulators operate at 
fixed frequencies a similar situation arises if the position 
of the first beating oscillator frequency is changed from 
a higher frequency to a lower frequency than the re¬ 
ceived signal. 

“For radiated frequencies less than twice the inter¬ 
mediate frequency, harmonics of the first beating oscil¬ 
lator are apt to be troublesome if the beating oscillator 
is below the radiated frequency rather than above it. 
The same is true in the transmitter. Therefore, it is 
desirable when working at frequencies less than twice 
the highest intermediate frequency to use a conversion 
frequency higher than the radiated frequency. 

“On the other hand at the higher radiated frequencies 
it is desirable to use a final conversion frequency less 
than the radiated frequency. This yields higher fre¬ 
quency stability and a decreased range of oscillator tun¬ 
ing. Interchanging the relative frequency position of 
the conversion and radiated frequencies at some point in 
the frequency range reduces the total frequency range 


which must be covered by the conversion-frequency sup¬ 
ply by twice the intermediate frequency. The same re¬ 
marks apply to the receiver. For example, for a range 
of radiated frequencies from 4000 to 22,000 kilocycles 
with a first intermediate frequency of 3000 kilocycles the 
beating oscillator range need only be from 7000 to 19,000 
kilocycles instead of /OOO to 25,000 kilocycles. As men¬ 
tioned previously, this change in relative position of the 
conversion frequency results in an inversion of the radi¬ 
ated carrier and side band position. This presents no 
difficulty if the change is made at the same frequency 
at the transmitter and receiver. This procedure, of 
course, requires that an agreement be reached between 
the connecting agencies in regard to the radiated fre¬ 
quency at which the change in the relative position of 
final carrier and side band is to be made. In the appa¬ 
ratus described, this change can be made anywhere 
within the range from 10,000 to 15,000 kilocycles but 
10,000 is preferred. 

“In single-channel operation with the present trans¬ 
mitters and receivers, it is planned that for all radiated 
frequencies less than 10,000 kilocycles the carrier will be 
placed above the side hand. In a twin-channel system 
the above applies to the A channel and the B channel 
will occupy the opposite position.” 

6-19. Speech Inversion —By beating the audio 
frequencies of the voice channel with a voltage 
derived from an a-f generator, a new order of fre¬ 
quencies is derived which, when used for modu¬ 
lating the carrier, provides a degree of secrecy for 
the user. When tuned in on a standard receiver, 
the voice sounds garbled and the transmission is 
sometimes referred to as scrambled speech. Some 
systems of scrambling are more complex than others 
and, unless the proper terminal equipment is em¬ 
ployed, the conversations arc unintelligible. 

6-20. Relation of Modulation Frequency to 
Percentage of Modulation —Some interesting 
studies have been made in the field of high-fidelity 
broadcasting and its relation to the present alloca¬ 
tion standards for broadcasting channels wherein 
the channels are separated by 10 kc. It has been 
determined from these studies that the maximum 
energy from a 75-piece orchestra falls in the fre¬ 
quency band from 125 to 250 cycles per second 
and that at 8000 cycles the signal may be as much 
as 30 to 45 db lower in intensity. Consequently, 
if the transmitter is modulated 100 percent by the 
higher level frequency components (the lower fre¬ 
quencies), the intensity at 80(X) cycles would account 
for only slightly more than one-half of one percent 
modulation. Since the energy in the high-frequency 
audio spectrum is so low, it is essential to have 
standards of engineering practice that require the 
maximum reduction in carrier hum and extraneous 
noises, otherwise the high frequencies will be lost 
in the noise. In addition, the amplitude distortion 
in the transmitter must be reduced materially, other¬ 
wise the amplitude of the harmonics generated 
thereby would be greater than the fundamental fre¬ 
quency of some of the musical instruments being 
reproduced. 

6-21. External Cross-modulation Interference 

—Although not directly related to the analysis of 
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amplitude modulation, it is pertinent to mention an 
interference condition that develops at certain re¬ 
ceiving locations as a result of the rectification of 
radio frequencies in power wiring and, in some 
cases, plumbing pipes making contact with other 
metals. 

When two strong signals exist, a number of 
cross-modulation combinations take place. If the 
frequency of one station is designated a, and the 
other b, then the rectifier generates the following 
frequencies: 


a b 

2a —b 

a — b 

2b + a 

2a 

2b-a 

2b 

3a 

2a + b 

3/; 


An effect also takes place whereby the modulation 
of station a is heard on station b, and the modula¬ 
tion of station b is heard on a. 

It is important to note that these spurious fre¬ 
quencies do not depend upon the presence of har¬ 
monic radiation from either station. If both sta¬ 
tions are entirely free of harmonic radiation, the 
same frequencies are generated if rectification takes 
place. It is essential to differentiate between cross 
modulation occurring in the receiver and that 
caused by rectification occurring externally. Gen¬ 
erally, cross modulation within the receiver can be 
eliminated by means of a wave trap, tuned to the 
interfering frequency in the antenna lead or, in 
some cases, by shortening the antenna. 

External cross modulation, if generated in the 
antenna-ground system, can be eliminated or attenu¬ 
ated by making certain that all antenna and ground 
connections arc clean and secure. If rectification 
is occurring in the power wiring, it is helpful to 
connect two 0.1 pui condensers across the lines with 
the center point grounded. In any case, a good 
ground connection is essential. 

Relocation of the receiver, as well as the use of 
a carefully placed receiving antenna connected to 
the receiver by means of a suitable transmission 
line, may be required before the trouble is finally 
eliminated. 

6-22. Cathode-ray Oscillograph Modulation 
Measurements —The cathode-ray oscillograph is 
especially valuable in modulation measurements be¬ 
cause the modulation can be seen continuously on 
the screen. It is not very satisfactory as a measur¬ 
ing device because the pattern is quite small, even 
with the comparatively large tubes. It is likely that 
an accuracy of 10 percent is about the best that can 
be obtained with a 5-inch tube; with smaller tubes, 
it is even less. The oscillograph should be consid¬ 
ered a supplement to the more accurate modulation 
monitors; the cathode-ray tube, on the other hand, 
affords advantages in trouble shooting and for the 
making of photographic records. 


Cathode-ray tubes can be utilized in several ways, 
differing in the source of the sweep voltage. These 
methods will be discussed separately in order to 
show their advantages and di.sad vantages. 

1. Modulated R.f, on Vertical Plates; 60-Cycle 
A,c. on Horizontal Plates, Tlie use of commercial 
60-cycle a.c. from power lines to supply the sweep 
voltage has the advantage of simplicity as it re¬ 
quires no additional apparatus. It has several 
serious disadvantages. For one thing, unless the 
modulation freciuency happens to be 60 cycles or 
an exact multiple of 60 cycles, the whole pattern 
will appear to he in rapid motion. This is true of 
all music where the frecjuencies of properly tuned 
instruments hear a relation to 256 cycles. This 
lacks 16 cycles of being an exact multiple, thus 
pioducing rapid motion. For another thing, the 
60-cycle sweep trai'es back and forth across the 
.screen 120 times per second. Vision persists for 
about Mr» of a second, so that at least 8 separate 
trace*- can he seen at once. Unless the screen is 
very "fast.” it too will retain the image for a frac¬ 
tion of a .second, increasing still more the number 
of images that will be .seen at the same time. The 
result is a jumble of images, constantly changing, 
that is difficult to watch and practically impossible 
to measure. 

A third disadvantage which holds for all cases 
where the modulated radio-frequency voltage is 
applied directly to either .set of plates is that the 
beam covers an area on the screen. This involves 
two faults: the negative peaks are covered over by 
the positive peaks that may occur on the following 
traces, and the whole figure is not very well fo¬ 
cused. The lack of focus is due to the heavy beam 
current that is neces.sary to produce a brilliant 
image over the large area. When the figure is only 
a line, the beam current is much more concentrated 
and gives a much brighter image even with lower 
beam current. At the lower current the focusing 
action is much more perfect. 

The only really definite measurements that can 
be made on the negative peaks is the point where 
bright flashes appear along the center line. They 
indicate 100 percent negative peaks. At such in¬ 
stants the r.f. is momentarily cutoff and the pattern 
becomes a line. The line is much more brilliant 
than when the beam is spread over an area, thus 
making the flashes stand out very definitely. 

2. Modtdated R,f. on Vertical Plates; Saw-tooth 
Sweep on Horizontal Plates. Replacing the 60- 
cycle swTcp voltage by a saw-tooth wave is a de¬ 
cided improvement. During single-frequency mod¬ 
ulation, the sweep frequency can be adjusted to 
equal the modulation frequency or an exact integral 
fraction thereof. This makes the pattern station¬ 
ary, and to a certain extent the succeeding traces 
coincide. During program transmission, the sweep 
frequency is adjusted to 256 cycles or an integral 
fraction thereof. Instead of a jumble of moving 
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Fig. 6-19. Circuit for obtaining trapezoid pattern. Precaution 
must be exercised when using this circuit because of the high voltages 
involved. 


fijfures we thus can usually obtain a single pattern. 
The pattern changes with the inflections of the voice 
or music, hut this is much less violent than the rapid 
motion resulting from improper sweep frequency. 
The sweep frequency may be synchronized by hand, 
or the sweep oscillator may be controlled by the 
modulation so as to secure precise synchronism auto¬ 
matically. Tn this latter scheme, the sweep fre¬ 
quency is adjusted roughly by hand and then fed a 
small modulation freijuency voltage through the 
proper terminal of the oscillograph. When an 
exact ratio is approached, the oscillator will pull 
into step. 

For measuring the percentage of modulation, a 
low sweep frequency is desirable—perhaps 32 cycles. 
For examining the wave shape of the modulation, 
a higher frequency may be desirable. In either 
case, the precise adjustment can be maintained 
automatically. 




modulation percentages. 


3. Modulated R.f, on Vertical Plates; Modulat¬ 
ing Voltage on Horizontal Plates. If a portion of 
the modulating voltage is used for the sweep, the 
resulting figure is very simple—trapezoid. The 
figure is stationary, but the shape changes with the 
percentage of modulation. Figure 6-19 shows how 
the oscillograph is connected, and Figure 6-20 


shows the figure for several different percentages 
of modulation. This pattern is very easy to photo¬ 
graph or to measure. In addition to showing the 
percentage of modulation, this pattern is valuable 
because it shows overloading and overmodulation 
very clearly. In Figure 6-21a overloading is defi¬ 
nitely indicated as the r.f. fails to increase with the 




Fig. 6-21. In pattern A above the r.f. is failing to in- 
crea.se properly on positive modulation peaks indicating dis¬ 
tortion. In pattern B over-modulation on negative peaks is 
indicated by the bright line at the apex of the triangle. 

modulation. The dotted lines show how the figure 
would appear if the overloading was corrected. 
This does not show the cause of the overloading, 
but the effect of remedies can be quickly and accu¬ 
rately checked. Figure 6-2lb shows overmodula¬ 
tion. The modulating voltage is greater than is 
necessary to produce complete cutoff of the carrier 
on negative peaks. This appears as a bright line 
extending from the right-hand apex of the triangle. 

In applying this method, two precautions are 
necessary. First, since certain types of overloading 
and distortion can be plainly seen, operators some¬ 
times assume that a perfect triangle pattern is a 
guarantee of no distortion. This is not true since 
distortion in any of the preceding audio stages will 
not be shown. The second precaution is with re- 
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spect to the high voltages involved. A failure of 
any one of several parts would result in placing the 
entire modulator plate voltage on the oscillograph. 
It is, therefore, reconiniended that the case of the 
oscillograph be grounded very carefully and all 
wiring protected again^^t contact by insulation ca¬ 
pable of withstanding at least tzvicc the modulator 
plate voltage. This /7e/rc is not a safety factor be¬ 
cause the voltage at the modulator plate approaches 
twice the d-c value on modulation peaks. 

A safer arrangement is shown in Figure 6-22. 
The carrier is picked up by the short antenna and 
is rectified to provide its own sweeji voltage. 

With the trapezoid figure, modulation is computed 
by measuring the height of the pattern on both sides. 
Denoting the greater height as Jiiid the least 

height as the modulation percentage is: 


result in patterns similar to these herein but not 
necessarily identical. Mr. Rider states that it has 
been his experience that the closest resemblance is 
obtained when the trapezoidal pattern is employed 
rather than the modulated wave envelope pattern. 



Fig. 6-2.^. Oscillograms showing modulation envelope 
and trapezoidal pattern of carrier correctly modulated 100 
percent. 


Percentage modulation = 


D max + 


X 100 


Because of the small size of the figure (it is limited 
by the area of the screen), the dimensions cannot 
be measured accurately. Consequently, the meas¬ 
urements cannot be depended upon any closer than 
about 10 percent. 

6-23. Cathode-ray Oscillograms of Modulation 

—The cathode-ray patterns in Figure 6-23 to Fig¬ 
ure 6-30 are shown by courtesy of John F. Rider as 
published in his book. The Cathode-Ray Tube at 
Work. They were obtained by equipping a trans¬ 
mitter with many controls so as to permit correct 
as well as incorrect adjustments and a variable 
percentage of modulation. The patterns shown are 
typical of the conditions stated, and tests conducted 
on other transmitters under similar conditions will 


The transmitter used for the tests employed a 
(lass B modulator. In all the tests, the modulating 
frequency was 400 cycles and was of sine-wave 
form. 

6-24. “Carrier Shift” (Asymmetrical Modula¬ 
tion) —A Class C amplifier tube to be plate- 
modulated should behave in one regard like a pure 
resistance, that is, the plate current should vary in 
direct proportion to the plate voltage. This condi¬ 
tion can be approximated (assuming*there is no un¬ 
neutralized feedback) by the application of proper 
load and bias, and especially by the use of adequate 
r-f grid excitation. 'J'he ratio of plate voltage to 
r-f output current then remains essentially constant 
during voltage variations (modulation) and there 
is little distortion during modulation. Failure to 
attain this condition will result in unequal ampli- 
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Fig. 6-24. 


Oscillograms of modulation with insufficient r-f excitation applied 
to modulated amplifier. 



Fig. 6-25. Oscillogram.s showing effect of insufficient excitation and 
exces.sive bias voltage on modulated amplifier. 





Fig. 6-26. Oscillograms showing nonlinear operation of modulated amplifier 
occasioned by incorrect grid bias. 


tudcs of the positive and negative modulation peaks, 
and this effect may be regarded as constituting a 
shift in carrier amplitude. Referring to Figure 
6-31, the positive peaks of modulation are greater 


Fig, 6-27. Oscillograms showing severe distortion oc¬ 
casioned by imperfect neutralization of the modulated 
amplifier. 

in amplitude than the negative peaks and conse¬ 
quently the carrier poivcr has shifted upward. The 
expression ‘"carrier shift** should not be interpreted 
to mean that the frequency of the carrier has 
changed during modulation. Such a frequency 
shift is termed dynamic instability of the carrier 
and has been previously di.scussed. Carrier shift 
upward occurs' if the time average of the positive 
half cycles exceeds that of the negative half cycles; 
downward, or negative shift, occurs if the negative 
half cycles exceed the positive half cycles. 

The half-wave linear diode rectifier shown in 
Figure 6-32 is the simplest device which permits 
monitoring a transmitter for evidence of over¬ 
modulation or carrier shift. In operation, the in¬ 


ductor L is coui)led to the stage of the transmitter 
it is desired to monitor, and the coupling is ad¬ 
justed so that sufficient radio frequency voltage is 
picked up to provide at least half-scale deflection 
on the milliammcter (0—1 nia) M. The filtering 
circuit, consisting of the r-f choke and two con¬ 
densers C, and C 2 , permits the rectified carrier to 
pass through the resistor R and milliammeter M. 
The resistor R improves the linearity of the recti¬ 
fier. If the transmitter is free from carrier shift, 



Fig. 6-28. Oscillograms showing di.stortion of same 
type as Figure 6-27. In this case oscillation is taking place 
during a considerable part of the modulation cycle and the 
effect on intelligibility of the received signal is ruinous. 

the pointer of the meter will remain stationary dur¬ 
ing modulation. An upward movement of the 
piointer is indicative of positive or upward carrier 
shift; a downward deflection, of negative or down¬ 
ward carrier shift. 




AMPLITUDE MODULATION 


173 


A cl-c milliammeter in the plate circuit of a plate- 
modulated transmitter, although not as sensitive or 
accurate as the linear rectifier, will also show an 
excessive movement either upward or downward if 
a transmitter is overmodulatcd with resultant car¬ 
rier shift. 



Fig. 6-29. OscilloRranis showing the importance of 
proper tuning of the modulated amplifier tank circuit. The 
upper two photographs show the good results obtained with 
correct tuning wdiile the lower two photographs show the 
se%ero distortion resulting by merely mistuning the tank 
circuit. 

6-25. Negative-peak Overmodulation Indicator 

—The vacuum tube rectifier, as connected in Figure 
6-33, operates as an indicator of negative-peak 
overmodulation. When overmodulation occurs, the 
negative peaks are flattened or cut off, resulting in 
a discontinuity of the carrier. When this occurs, 
the plate voltage on the modulated tube reverses, 
and the filament of the rectifier, although normally 
positive with respect to ground, becomes negative 
and rectified current passes through the meter M. 

6-26. Vacuum-tube Peak Voltmeter—The 
vacuum-tube peak voltmeter has for many years 
been used to measure the percentage of modulation 
of radiotelephone transmitters. The circuit of Fig¬ 
ure 6-34 shows the electrical connections for a 
vacuum-tube peak voltmeter, the operation of which 
is as follows: 


‘ i 

% u n M MI 

*■ 

V. if 


The potentiometer Ri is .set at zero (movable arm 
set at negative connection to and sufficient nega¬ 
tive bias is applied to the grid of the tube by adjust¬ 
ment of potentiometer R 2 until the plate current is 
just at zero. Sufficient unmodulated carrier current 
is obtained from the transmitter by adjustment of 
coupling and variations in condenser C until the 
milliammeter reads a convenient deflection, at least 
half scale. The potentiometer Ri is then adjusted 
until the milliammeter deflection is just at zero. 
The voltmeter reading E is then equal to the peak 
radio frequency voltage of the carrier and is pro¬ 
portional to the carrier current Icar- 

The coupling is left undisturbed and sustained 
sinu.soidal modulation is applied. R^ is then fur¬ 
ther adjusted until the plate milliammeter again 
reads zero. The voltage E, as rcail from the volt¬ 
meter is the peak value of the modulated r-f voltage 
and is proportional to percentage of 



Fig. 6—.31. Positive carrier shift. 


modulation may then be calculated by substituting 
the voltage readings in the formula, as they are 
proportional to the current values: 

M% = X 100 

* iMir 

where /mod = peak value of modulated carrier cur¬ 
rent 

/car = peak value of unmodulated carrier 
current 





Fig. 6-30. Oscillograms showing effect of incorrect loading of the Class^ B 
modulator. The distorted audio wave form resulting from the incorrect load im¬ 
pedance measured across the secondary of the modulation transformer is shown at 
the right. Its effect can be seen in the r-f patterns. 
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This device permits a determination of the per¬ 
centage of modulation but does not give any indica¬ 
tion of the symmetry of the positive and negative 
peaks. 



Fic;. 6~32. A circuit empldying: a linear diode rectifier 
for monitoring a transmitter for evidence of overmodulalion 
or carrier shift. 


6-27. Modulation Measurement by Component 
Method —A simple means of measuring modula¬ 
tion is to separate the d-c and the a-c components 
of the modulated wave after it has been rectified 
and filtered. The d.c. is proportional to the carrier, 
and the a.c. is proportional to the modulation. By 
comparing the two values, the percentage of modu¬ 
lation can be found. This is shown by Figure 
6-35. (A) shows the modulated r-f wave. After 

rectification (B) it becomes a pulsating d.c. The 
pulsations have both radio and a-f components. 



Fig. 6-33. Negative-peak overmotlulation indicator. 


The r-f components can be filtered out, and we then 
have the pulsating d.c. shown as (C). The a-c and 
d-c components of this pulsating d.c. can be sepa¬ 
rated by the arrangement of Figure 6-36. The d-c 
component will pass through branch 1, but not 
through branch 2. The a-c component can flow 
through the blocking condenser into branch 2, but 
will be kept out of branch 1 by the audio choke 
coil L 2 . 

The d-c component, which corresponds to the 
carrier, can be read very conveniently by a high 
resistance d-c voltmeter. With conventional tubes 
(small receiving triodes with grid and plate con¬ 


nected arc quite satisfactory) it is suggested that 
the r-f pick-up be adjusted to produce about 50 
to 100 volts of rectified carrier. The meter should 
have an internal resistance of about 100.000 ohms. 
(This corresponds to a 0-100 voltmeter with a re¬ 
sistance of 1000 ohms per volt.) It should be men¬ 
tioned that mercury-vapor rectifier tubes are nut 
suited to this circuit since their constant internal 
voltage drop interferes with the measurements. 



^'he a-c component can be measured in any one 
of a number of different ways. The simplest is 
by means of a high resistance a-c voltmeter. The 
instrument must be accurate over the entire audio 
range and should have a sensitivity of 1000 ohms 
per volt. Although simple, this method is open to 
the serious objection that meters of the ordinary 
type measure the rms value and not the peak value. 




^CAK VALUE or 



••c” 


Fig. 6-35. Shown above are: (a) modulated r-f wave, 
(b) modulated r-f wave after rectification, (c) modulated 
r-f wave after rectification and filtering. 
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Accordingly, the readings will be useful only when 
the modulation is a sine wave. In addition, the 
reading is an average of positive and negative 
modulation and there is no means of measuring 
them separately. 



Fk;. 6-36. Modulation meter using the component method. 

Tune C\ to resonance as indicated by maximum deflection 
of Adjust length and position of antenna until 

VM-\ reads 70.7 volts. VM-2 will now read full .scale (SO 
volts) at 100-percent modulation. Multiply VM-2 reading 
by 2 to obtain the percentage of mcxlulation. 

6-28. Modulation Measurement by the Double 
Rectifier Method —The simplest arrangement ca¬ 
pable of measuring peak modulation is illustrated 
in Figure 6-37. The rectified and filtered modu¬ 
lated wave appears as a pulsating d.c. across ter¬ 
minals A and B. Terminal A is negative and ter¬ 
minal B positive with the rectifier connections as 
shown. In this pulsating d.c., the average value 
represents the carrier, the highest voltages reached 
are caused by the positive modulation peaks, and 
the lowest voltages result from the negative modu¬ 
lation peaks. In series with this rectified modulated 
wave Uir pulsating d.c., as it now is) is a variable 
d-c voltage, supplied from battery B and adjustable 
by means of potentiometer P. The switch in 
series with the potentiometer is merely to keep the 
potentiometer from discharging the battery when 



the device is not in use and has no function in 
making measurements. The battery polarity is op¬ 
posite to that of the pulsating d.c. (the rectified 
modulated wave). 'Fhe sum of these two voltages 
is connected to a reversing switch (points A and C 
on the figure). 

When the reversing switch is in the position 
shown by the dotted lines, the current can flow 
through the meter M only when point C is positive 
with respect to point A. The rectifier R., prevents 
any current flow in the opposite direction. This 
will occur if the pulsating d.c. (the rectified modu¬ 
lated wave) becomes greater than the battery voltage 


at any portion of its cycle. By carefully adjusting 
the potentiometer until current just begins to flow 
through meter M, and reading voltmeter Vi, we 
can determine the highest value attained by the 
rectified modulated wave. This corresponds to the 
positive modulation peak. 

If the reversing switch is thrown to the opposite 
position, the meter M will register only when point 
C is negative with re.spect to point A. The polarity 
of the rectified modulated wave is such as to oppose 
this condition. The least opposition is given at the 
moment of a negative modulation peak. The volt¬ 
age at this instant can be measured by carefully 
adjusting the potentiometer to the point where cur¬ 
rent just begins to flow through the meter M, and 
then reading voltmeter Vi. 

The carrier voltage may be read by an ordinary 
high-rcsistance d-c voltmeter connected across the 
terminals A-B. It is important that this meter be 
connected in the circuit when the measurements are 
made since removing it will allow an increase in the 
rectified carrier voltage. (The v*)ltmeter can¬ 
not be used for both readings as it is necessary that 
both are connected at the same time.) If the carrier 
voltage is the positive modulation peak voltage 
Up, and the negative peak voltage the percent¬ 
ages of modulation are expressed as: 

Positive niodulation % = lOOd^'p — 

Negative modulation % = 100(1% — 1%)/^ r 

Percentage modulation = 100 f /% — U„)/2I% 

This type of modulation meter is subject to an 
inherent error. All positive measurements arc 
slightly lower than the true value, and all negative 
measurements are slightly higher than the true 
value. This occurs because the equation assumes 
that the voltages (instantaneous rectified carrier 
voltage and potentiometer voltage) are equal. Ac¬ 
tually one of them must be slightly greater in order 
to produce a detectable current through the meter 
M, The error depends upon the sensitivity of this 
meter, and the amount of rectified carrier voltage. 
To ensure an accuracy of 2 percent, the meter 
should have a full-scale .sensitivity of 200 micro¬ 
amperes and the rectified carrier be at least 50 
volts. Somewhat higher voltage is desirable pro¬ 
vided the amount of power taken from the trans¬ 
mitter is not excessive. The microammeter should 
be provided with a heavy shuntJ After an approxi¬ 
mate setting has been found, the shunt can be re- 
mo7'ed by a push-button type szvitch and a precise 
adjustment found. Unless this precaution is taken, 
it is quite probable that the meter will be burned out 
before the first reading is taken. 

Although modulation meters of this type are very 
satisfactory for testing transmitters, they do not 
give a continuous indication of the modulation and, 
therefore, are not well suited for monitoring. For 

® The percentage modulation is defined by the FCC as the 
average of the positive and negative modulation percentages. 

7 A suitable shunt is one which would make the full scale 
reading about 5 ma. 
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example, if the potentiometer is set at a voltage 
corresponding to 75-percent modulation, the meter 
will ‘‘kick” each time the modulation exceeds this 
figure. This will occur only during loud program 
passages. The remainder of the time the instru¬ 
ment will give no indication as to the percentage 
of modulation unless readjusted continuously. 

6-29. Direct-reading Double-rectifier Modula¬ 
tion Measurement —For monitoring, it is highly 
desirable that the modulation meter shall indicate 
the percentage of modulation directly on a meter. 
The double-rectifier type of modulation meter can 
be made to do this by the addition of a condenser, 
a resistor, and a more sensitive microammeter. 
Figure 6-38 shows the circuit arrangement. The 
potentiometer is fixed at a voltage just equal to the 
rectified carrier voltage. The voltage across the 



Fui. 6-38. Direct-reading modulation meter. 


terminals A-C is alternating, the positive half 
cycles representing the positive modulation peaks, 
and the negative half cycles representing the nega¬ 
tive peaks. The rectifier tube uses either series 
(depending upon the position of the reversing 
switch) of half cycles to charge the condenser C. 
This is the equivalent of a condenser input filter. 
It is characteristic of such a filter that the d-c volt¬ 
age is nearly equal to the peak value of the im¬ 
pressed a.c. In this case the peak value of the 
impressed a.c. corresponds to the peak modulation. 
The resulting d-c voltage is measured by means of 
the sensitive meter in series with the resistor R, 
The condenser C can charge up quite rapidly, the 
only resistance to charging being the internal re¬ 
sistance of the two rectifier tubes and a portion of 
the potentiometer, in all probably not more than 
5(X)0 ohms. On the other hand, the condenser can 
discharge only through resistor R, With a capaci¬ 


tance of 0.25 fii and a resistance of 1,OCX),000 ohms, 
it will take roughly one-quarter of a second for 
the condenser to discharge. Before this much time 
can elapse, successive modulation peaks will have 
renewed the charge, so that the condenser voltage 
will always stay close to the peak value of the 
rectified voltage. This action is shown in Figure 
6-39. The first peak charges the condenser almost 
to its peak value. The condenser is still fairly 
well charged when the second peak comes. This 
raises the condenser voltage almost to the peak 
value. The third peak is lower but does not affect 
the condenser because the condenser voltage has not 
fallen to that point. As this process goes on, it 
will be observed that the condenser voltage reflects 
the peaks very well. Also note that its variation 
is very small so that a meter would show a fairly 
steady reading, rising rapidly when a new peak is 
reached, and then falling back slowly. This is ideal 
for modulation monitoring. 

With the suggested resistor value of 1,000,000 
ohms, and a carrier pick-up of 50 volts, the micro- 
ammeter should read full scale (50 microamperes) 
for 100-percent modulation. The rectified carrier 
voltage may be read across A-B in the usual way 
with a sensitive 1000 ohms per volt d-c voltmeter. 

6-30. Commercial Monitoring Devices—Com¬ 
mercial monitoring devices, some of which have 
been approved by the F.C.C. for use at broadcasting 
stations, are based, in general, on the same principles 
as the simple devices so far described. However, 
they have been refined to permit more rapid and 
convenient operation and also to make possible 
some additional measurements. Since such devices 
change from time to time, the operation should be 
based, in each case, on a careful reading of the 
manufacturer's instructions for the device. To at¬ 
tempt to carry the practices of one device over to 
one of a different make may result in serious error. 
The F.C.C. reciuirements regarding the use of 
modulation monitors at broadcast stations, as well 
as the requirements for approval of modulation 
monitors, are given below. 

Rule 3.55. (a) A licensee of a broadcast station will 
not be authorized to operate a transmitter unless it is 
capable of delivering satisfactorily the authorized power 
with a modulation of at least 85 percent. When the 
transmitter is operated with 85 percent modulation, not 
over 10 percent combined audio frequency harmonics 
shall be generated by the transmitter. 



Fig. 6-39. 

-Condenser voltage 

- Rectifier output 

With the circuit of 6-38 the condenser charges rapidly but discharges slowly 
thereby producing a damped meter action. 
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(&) All broadcast stations shall, on and after No¬ 
vember 1, 1936, have in operation a modulation monitor 
approved by the Commission. 

(c) The operating percentage of modulation of all sta¬ 
tions shall be maintained as high as possible consistent 
with good quality of transmission and good broadcast 
practice and in no case less than 85 percent on peaks of 
frequent recurrence during any selection which normally 
is transmitted at the highest level of the program under 
consideration. 

(d) The Commission will, from time to time, publish 
the specifications, requirements for approval, and a list 
of approved modulation monitors. 

The specifications that the modulation meter shall meet 
before it will be approved by the Commission are as 
follows: 

1. A d.c. meter for setting the average rectified car¬ 
rier at a specific value and to indicate changes in carrier 
intensity during modulation. 

2. A peak indicating light or similar device that can 
be set at any predetermined value from 50 to 120 percent 
modulation to indicate on positive peaks, and/or from 
50 to 100 percent negative modulation. 

3. A semi-peak indicator with a meter having the 
characteristics given below shall be used with a circuit 
such that peaks of modulation of duration between 40 
and 90 milliseconds arc indicated to 90 percent of full 
value and the discharge rate adjusted so that the pointer 
returns from full reading to 10 percent of zero within 
500 to 800 milliseconds. A switch shall be provided so 
that this meter will read either positive or negative 
modulation and, if desired, in the center position it may 
read both in a full-wave circuit. 

The characteristics of the indicating meter arc as 
follows: 

Speed —The time for one complete oscillation of the 
pointer shall be 290 to 350 milliseconds. The damping 
factor shall be between 16 and 200. The useful scale 
length shall be at least 2.3 inches. The meter shall be 
calibrated for modulation from 0 to 110 percent and in 



decibels beloW 100 percent with 100 percent being 0 db. 
The accuracy of the reading on percentage of modulation 
shall be +2 percent for 100 percent modulation, and 
± 4 percent of full scale reading at any other percentage 
of modulation. 

4. The frequency characteristics curve shall not de¬ 
part from a straight line more than ± % db from 30 to 
10,000 cycles. The amplitude distortion or generation 
of audio harmonics shall be kept to a minimum. 

5. The modulation meter shall be equipped with ap¬ 
propriate terminals so that an external peak counter can 
be readily connected. 

6. Modulation will be tested at 115 volts i5 percent 
and 60 cycles, and the above accuracies shall be appli¬ 
cable under these conditions. 

7. All specifications not already covered above, and 
the general design, construction, and operation of these 
units must be in accordance with good engineering 
practice. 

6-31. General Radio Type 1931-A Amplitude- 
Modulation Monitor —The modulation monitor 
is used to measure and to indicate continuously the 
percentage modulation of broadcast and other radio¬ 
telephone transmitters. The type 1931-A modula¬ 
tion monitor performs the following specific 
functions: 

1. Measurement of percentage of modulation on 

I either positive or negative peaks. 

2. Overmodulation indication. 

3. Program level monitoring. 

4. Measurement of carrier shift when modulation 

is applied. 

5. Measurement of transmitter audio-frequency 

response. 
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Fig. 6-40. The General Radio type 1931-A amplitude-modulation monitor. 
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The type 1931-A modulation monitor consists 
of three essential elements: ( 1 ) a linear diode 
rectifier that gives an instantaneous output voltage 
proportional to the carrier envelope; ( 2 ) a peak 
voltmeter that gives a continuous indication of the 
peak modulation; and (3) a trigger circuit that 
flashes a light whenever the modulation momen¬ 
tarily exceeds any previously set value. 

The linear rectifier is designed’ for operation at a 
low power level, which greatly simplifies the coup¬ 
ling to the transmitter. In the output of the linear 
rectifier is a d-c meter that indicates the carrier 
level at which the instrument is operating and also 
shows any carrier shift during modulation. 

In addition, two auxiliary audio output circuits 
operating from a separate diode rectifier are pro¬ 
vided. One of these, at 600 ohms, is intended for 
audible monitoring; the other, a high-impedance 
circuit, gives a faithful reproduction of the carrier 
envelope with less than 0 . 1 -percent distortion and can 
be used for distortion and noise-level measurements. 

Speed and simplicity of operation, essential for 
monitoring instruments, are available in this instru¬ 
ment. It operates over a wide carrier-frequency 
range, and a tuned input circuit is provided to 
facilitate coupling to the transmitter. 

The r-f power input is only a fraction of that 
required by older models. This greatly simplifies 
coupling to the transmitter. 

The flashing lamp is extremely useful as a moni¬ 
toring device. It is set to flash with moderate fre¬ 
quency when the transmitter is operating normally. 
If the flashing rate changes markedly, the operator 
is made aware that the average level of modulation 
has changed. The flashing circuits are so designed 
that the indication is unaffected by moderate changes 
in carrier amplitude. 

Terminals are provided so that remote percentage 
modulation indicators can be connected to the instru¬ 
ment externally. 

6-31a. Circuit Details —The input circuit to the 
monitor consists of a low-impedance coupling coil 
L 4 coupled to a tuned circuit consisting of and 
Cj. The resistors and load this circuit suffi¬ 


ciently to eliminate side-band cutting over the oper¬ 
ating range of the monitor. 

The voltage developed across the tuned circuit is 
applied to the double diode VI. One of the diodes 
feeds the monitoring circuit, the other provides an 
essentially distortionless reproduction of the r-f 
envelope for distortion measurements. 

The modulation meter diode is followed by an r-f 
filter consisting mainly of choke L 5 which removes 
all the r-f components, leaving only a negative d-c 
component that is proportional to the average level 
and an a-c component that is proportional to the 
varying envelope of the original modulated carrier. 
Relative carrier level is indicated by a d-c meter 
in series with the diode rectifier. 

For the indicating meter circuit, the a-c compo¬ 
nent is linearly amplified and applied to a peak 
response half-wave diode voltmeter. The diode can 
be reversed in polarity by means of a panel switch 
so that either positive or negative peaks can be 
measured. A highly stable degenerative d-c ampli¬ 
fier follows the diode and includes the d-c indicating 
meter. The meter has a high-speed response char¬ 
acteristic to meet F.C.C. specifications for this type 
of monitor. 

For the warning-lamp circuit, the a-c component 
is applied directly to the grid of an amplifier tube. 
Any given percentage of the negative d-c component 
is chosen by the setting of a potentiometer, which 
is calibrated to 0-100 percent modulation. When¬ 
ever the a-c component exceeds the negative d-c 
component, the amplifier tube operates to trigger a 
thyratron tube. A warning lamp connected in the 
anode circuit flashes, indicating the presence of a 
modulation peak in excess of the dial setting. 

The other section of the double diode VI is used 
to supply a distortionless envelope output for dis¬ 
tortion measurements with the type 1932-A distor¬ 
tion and noise meter. The diode is followed by an 
r-f filter and a voltage divider ganged with the 
MODULATION PEAKS Control. This output is avail¬ 
able at the multipoint connector at the rear of the 
instrument and is indicated on the elementary 
schematic as envelope output. 



Fig. 6—41. Elementary schematic circuit diairram of General Radio 1931-A amplitude modulation monitor. 
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The use of separate diodes for modulation meas¬ 
urements and distortion measurements isolates the 
two instruments electrically and prevents any inter¬ 
action between them that might otherwise affect the 
accuracy of measurement. A high-fidelity audio 
output operating from the same diode used for dis¬ 
tortion measurements is also provided for a-f 
monitoring purposes. The output of this amplifier 
is independent of all panel controls and can be 
loaded without causing any reaction upon other 
circuits in the monitor. The internal impedance 
is approximately 600 ohms. This outut is avail¬ 
able at the rear for permanent cable connections 
and also at panel jacks. Plugging into the panel 
jacks automatically disconnects the plug at the rear. 

All indicating meters arc of the Weston, model 
891, illuminated type. Connections at the rear of 
the instrument provide for connecting a remote 
percentage modulation meter, if desired. 

6~31b. Installation—1. Input Coupling, Two 
sets of input tuning coils are available to cover the 
carrier-frequency range. One set, consisting of the 
type 1931-~P5-1 tuning coil and the type 1931--P5-2 
coupling coil, covers the 0.5 to 8 me portion of the 
range. The other set, consisting of the type 1931- 
P6-1 tuning coil and the type 1931-1*6-2 coupling 
coil, covers the 3 to 60 me portion of the range. 
The tuning coil of each set covers its portion of the 
range in four steps as selected by the setting of a 
connecting strap on the coil. The frequency range 
for each of the four steps is indicated by engraved 
numerals adjacent to a terminal on the tuning coil. 

When the type 1931-P6~1 tuning coil is used, the 
connecting strap must connect the central terminal 
of the coil to the terminal for the desired frequency 
range. 

When the type 1931-P5-1 tuning coil is used, the 
triangular connector provided with the coil must 
connect the central terminal to either one or two of 
the other terminals, depending on its position, and 
must be oriented so that the arrow on the connector 
points to the terminal for the desired frequency 
range. 

The set of coils provided with the monitor can 
be easily removed and replaced with the set for 
the carrier-frequency range. 

The coupling coil of a set is mounted with two 
screws on the mounting block of the carrier control 
shaft. 

The tuning coil is mounted with two thumb nuts 
on the brackets either side of the shaft. A plug 
on the tuning coil must be inserted in a correspond¬ 
ing jack on the instrument. 

Side-band clipping varies directly with tuning 
capacitance. While side-band clipping will in any 
event be less than 0.5 db for modulating frequencies 
below IS kc, it is advantageous to use the lower 
tuning capacitance when there is a choice because 
of overlap in coil ranges. 


2. Coupling to Transmitter. This instrument has 
been designed to operate from the standard R.M.A.** 
monitor-output connection, which will provide an 
ouput of 10 volts into a load of 75 ohms. For those 
transmitters not provided wdth a monitor-output 
connection, the most convenient way to couple the 
type 1931-A modulation monitor to the transmitter 
is to install a small coil of a very few turns close 
to the antenna lead or to the tank circuit. This coil 
is then connected to the monitor input terminals by 
a suitable line. An ordinarv rubber-insulated 
single-conductor concentric cable of around 75 ohms 
impedance has been found convenient. This forms 
a low-impedance link circuit with the coil mounted 
in the monitor. 

Sufficient coupling must be provided so that when 
the instrument is turned on, the carrier meter can 
be set to 100 after the signal has been tuned to 
resonance by means of the tune for maximum 
control. Some margin in the setting of the carrier 
SET TO 100 control knob must be allowed to com¬ 
pensate for changes in the transmitter output or in 
the coupling system. The tune for maximum 
control must be very carefully set to resonance. 

The tuned circuit in the instrument is shunted 
by two 10,000 ohm resistors in parallel. If one of 
the resistors is removed, somewhat less power will 
be required to operate the instrument, but side-band 
clipping will be increased, although not to a serious 
extent. At the higher carrier freciuencies, these 
load resistors may be removed without increasing 
side-band clipping appreciably. 

3. Power Supply. The instrument can be oper¬ 
ated from any 115/230 volt, 50-60 cycle line. Con¬ 
nections on the power transformer enable the input 
to be changed from 115 to 230 volts, if required. 
The power supply nameplate is reversible and 
should be turned over if the transformer connec¬ 
tions are changed. Internal voltage regulators 
permit stable operation of the instrument over a 
range of 105-125 (110-250) volts. 

The connector furnished with the instrument must 
be plugged into the rear Jones socket in order to 
obtain readings on the percentage modulation 
meter. The electrical circuit is completed by a 
connection between terminals 7 and 10. If a re¬ 
mote meter is used, remove this connection and add 
the external meter circuit between terminals 7 and 
8. (The external impedance thus added should be 
600 ohms ± 20 percent.) 

The 600-ohm audio monitoring output is avail¬ 
able at terminals 11 and 12. Terminal 12 is 
grounded, and should connect to the external line 
shield. This circuit cannot be used with balanced 
lines, but must be operated with one side grounded. 

Terminal 9 is the audio output to be used with the 
type 1932-A distortion and noise meter only. 

B Radio Manufacturer's Association. 
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6-31c. Operation—1. Procedure^ Turn on the 
power switch. With the power on and no carrier 
applied, the carrier meter should read zero. The 
mechanical adjustment should be used, if necessary. 
With power on and no carrier applied, the per¬ 
centage modulation meter should read zero. The 
mechanical adjustment on the meter may be used 
to bring it to zero. This check can be made when 
the carrier input is applied to the instrument if the 
carrier is unmodulated. If this is done, be sure the 
modulation due to noise is not sufficient to deflect 
the meter. 

With the carrier applied but with no modulation, 
tune for maximum reading of the carrier meter. 
For this adjustment, the set to 100 carrier control 
should be set back sufficiently so that the meter 
reading does not exceed 100. After the instrument 
has been tuned for resonance, the set to 100 con¬ 
trol may be advanced to obtain a reading of 100 on 
the meter. Retune if necessary. With the circuit 
correctly tuned to resonance and with the meter 
reading 100, all direct-reading scales are standard¬ 
ized. When modulation is applied, any shift in 
average carrier amplitude may be read directly in 
per cent on the carrier meter. 

If the transmitter is now modulated, the percent¬ 
age MODULATION meter will read the instantaneous 
percentage modulation, and readings for cither 
positive or negative peaks can be obtained by means 
of the PEAKS switch. The modulation peaks dial 
can be set at the maximum value of percentage 
modulation at which it is desired to operate, and 
the OVERMODULATION lamp will flash whenever this 
percentage is exceeded. The lamp operates on 
negative peaks. 

2. Distortion and Noise Measurements, When 
the type 1932-A distortion and noise meter is used 
with the monitor, an interconnecting shielded cable 
is supplied. This is clearly marked with the in¬ 
strument type numbers on either end, to identify 
the proper position. When the instruments are in¬ 
stalled in a relay rack, with the 1931-A ahot>e the 
1932-A, this cable will be found to fit easily in 
place. 

It is important that the modulation peaks dial 
be set at approximately the modulation level indi¬ 
cated on the PERCENTAGE MODULATION meter when 
these measurements are made. If the dial is not set 
in this manner, distortion readings obtained on the 
type 1932-A distortion and noise meter may be 
slightly high. 

If the dial is set too far below the actual per¬ 
centage modulation, distortion at the higher audio 
frequencies will be introduced by excessive re¬ 
actance loading of the diode rectifier. If the dial 
is set above the actual percentage modulation, the 
voltage input to the type 1932-A may be too low 
to permit normal operation of the latter, but no 
increase of distortion will result. In any case, an 
error in setting of this dial will in no way affect the 


readings of the type 1931-A amplitude-modulation 
monitor. 

Because of the extremely low noise level that 
these instruments are capable of reading, certain 
precautions must be observed if full advantages are 
to be realized. Operation of these instruments in 
the presence of strong external electromagnetic 
fields is not advisable. Sufficient shielding has been 
provided for most conditions normally encountered. 
Some trouble may occur from power-frequency 
sources, giving rise to hum pick-up. Good ground¬ 
ing and reversing one, or both, of the power con¬ 
necting cords have been found helpful in certain 
cases. 

3. Program Level Monitoring. The movements 
of the percentage modulation indicator furnish an 
indication of instantaneous level that is useful for 
monitoring. This meter docs not, however, give a 
true vu indication, because its ballistics must con¬ 
form to different specifications which are estab¬ 
lished by the F.C.C. 

4. Transmitter Audio-frequency Response. By 
applying a voltage of variiihle a.f. to the a-f input 
circuits of the transmitter, and reading the decibel 
scale on the percentage modulation meter for each 
frequency setting, the over-all a-f response of the 
transmitter can be determined. 

6-31d. Specifications 

1. Range, Modulation percentage, 0 to 110%, 
indicated by meter on positive peaks, 0 to 100% on 
negative peaks. The flashing lamp is adjustable to 
operate from 0 to 100% on negative peaks. 

2. Carrier-frequency range. The monitor will 
operate at any carrier frequency from 0.5 to 60 
megacycles. A single set of coils (either 0.5 to 8 
megacycles or 3 to 60 megacycles) is supplied with 
each instrument, unless both sets are specifically 
ordered. 

3. Carrier-frequency input impedance. About 75 
ohms in the broadcast band, increasing slightly at 
higher carrier frequencies and varying somewhat 
with input tuning. 

4. Accuracy. The overall accuracy of measure¬ 
ment at 400 cps is ± 2% of full scale at 0% and 
100%, and ± 4% of full scale at any other modu¬ 
lation percentage. 

5. Detector linearity. The distortion in the 
diode detector is very low for frequencies up to 7500 
cps. Above this frequency, a small amount of nega¬ 
tive peak clipping occurs, reaching 5% at the ex¬ 
treme high end of the audio range at 15,000 cps and 
100% modulation. 

6. Audio-frequency response. The frequency re¬ 
sponse of the meter indication is constant within 
±0.25 db between 30 and 15,000 cps. 

7. R-f power. In the broadcast range the maxi¬ 
mum r-f power requirement is about 0.5 watt. 

8. Warning lamp circuit. The overmodulation 
lamp will flash whenever the negative modulation 
peaks exceed the setting of the modulation peaks 
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dial by approximately 2% modulation, for audio 
frequencies between 30 and 7500 cps. For higher 
audio frequencies, the percentage overmodulation 
required to flash the lamp increases slightly. The 
accuracy of the dial calibration is approximately 
± 2 %. 

9. Meter circuit. The response of the percent¬ 
age MODULATION meter is flat, within i 0.1 db be¬ 
tween 50 and 15,000 cps. Either positive or nega¬ 
tive modulation peaks may be read to an accuracy 
of ± 2% at 0 and 100% modulation. At other 
modulation levels, the possible error increases to a 
maximum of ± 4%. 'J'he meter movement meets 
F.C.C. specifications for modulation monitors. 
Calibration in db below 100% modulation is 
provided. 

10. Audio monitoring output. The audio output 
amplifier is flat, to within ±1.0 db from 30 to 45,000 
cps. The internal impedance is 600 ohms. Distor¬ 
tion is less than 0.2%. Open-circuit output voltJige 
is about 300 millivolts. 

11. Fidelity-measuring output. Flat within ± 1.0 
db between 30 and 15,000 cps with type 1032~A 
distortion and noise meter connected. Output level 
varies inversely with setting of modulation peaks 
dial, thus providing reasonably uniform input to 
distortion meter at all modulation levels. Average 
output level, approximately 1.5 volts. Residual 
noise and hum level will not exceed — 80 db. 

12. Auxiliary output. A multipoint connector at 
the rear of the instrument provides a means of 
connecting: 

(a) A remote percentage modulation meter. 

{b) Line for 600-ohm monitoring. 

(c) The type Iy32-A distortion and noise meter. 

13. Powr supply. 105 to 125 volts, 40 to 60 cps. 
Power input is approximately 50 watts. 

14. Dimensions, l^iiiel lO X 8 % inches. Depth 
behind panel 10 inches. Net weight 31 pound.s. 

6~32. Distortion Measurements in the Broad¬ 
casting Station —Excessive a-f distortion is an¬ 
noying to the radio li.stener, and the difference be¬ 
tween good-quality and poor-quality stations is 
easily distinguishable in modern receivers. Tests 
have indicated that 10 percent total harmonic distor¬ 
tion is about the maximum which can be tolerated 
if the signal is to sound reasonably pleasant to the 
listener. Fortunately, it is not difficult to keep dis¬ 
tortion well below this level in transmitting and 
receiving equipment. 

In order to ensure acceptable quality of transmis¬ 
sion, the F.C.C. has required that no broadcast 
transmitter shall have more than 10 percent com¬ 
bined audio-harmonic distortion when operating at 
a level of 85 percent modulation. This has been 
covered in a paragraph of the F.C.C. rules govern¬ 
ing operation of broadcast stations. 

Total harmonic distortion is measured in terms 
of the root mean square of all the harmonics present 
in the output. As an example, assume that the 


value of the second, third, and fourth harmonics 
are 3 percent, 5 percent, and 2 percent respectively. 
The nns value would be found by taking the square 
root of the sum of the squares or: 

Total rms harmonic d istortion 

= V3» + S* + 2» = V38 - 6.2% 

During recent years, transmitter manufacturers 
have placed considerable emphasis on freedom from 
distortion and, as a result, transmitters are now 
available with distortion levels as low as 2 percent. 
Complete performance characteristics of all trans¬ 
mitters intended for general sales are submitted to 
the F.C.C. as proof that the requirements are being 
met. 

Holding distortion at a low figure has conse¬ 
quently become' a problem of maintenance rather 
than of transmitter design. In the carefully bal- 
ancc(^ electrical circuits that make up the modern 
transmitter, cluinges in the operating voltages and 
the characteristics of vacuum tubes, as well as the 
slow aging of other circuit elements, may result 
in excessive distortion. Proper care and mainte¬ 
nance are necessary to obtain consistently good per¬ 
formance. Periodic measurements are the obvious 
safeguard against excessive distortion and, when 
made as part of a definite maintenance routine, they 
add very little to the duties of the operating staff. 
Simple measurement methods and direct-reading 
instruments have greatly reduced the time required 
for such measurements. 

6-33. The General Radio Type 1932-A Dis¬ 
tortion and Noise Meter —The type 1932-A dis¬ 
tortion and noise meter is designed for use in meas¬ 
uring a-f distortion, noise level, and also vu level 
in a 600-ohm line. Input imi)edance is selected by 
means of a panel switch, and may be either 100,000 
ohms unbalanced, or a 600-ohm bridging impedance 
of approximately 10,000 ohms, which may be oper¬ 
ated balanced or unbalanced. Vu level is indicated 
for a reference level of one milliwatt in a 600-ohm 
line, and the range extends from ± 20 to — 60 vu. 
When used in connection with the type 1931-A 
modulation monitor, complete transmitter modula¬ 
tion characteristics may be measured. 

6-33a. Principles of Operation—1. Distortion 
Measurements. The instrument consists essentially 
of a continuously variable null network, followed 
by a calibrated vacuum-tube voltmeter. The funda¬ 
mental frequency of the signal being measured is 
balanced out by means of two panel controls; all 
other components remain and are passed on directly, 
and without attenuation, to the voltmeter. Thus, if 
the voltmeter is first set to 100 % with the entire 
signal voltage present, an arbitrary reference level 
is established. Upon switching in the null network, 
to remove the fundamental frequency only, a second 
reading may be obtained on the voltmeter scale. 
This second reading is composed of all distortion 



182 


RADIO MANUAL 





U 


Fig. 6-4.^. The General Radio type 1932-A noise and distortion meter. 


products present, plus extraneous noise and power- 
supply hum frequencies. Since the ratio between 
the two readinjfs may be observed by means of the 
voltmeter attenuator, this becomes a measure of the 
distortion, and/or noise products present in the 
sifi^nal, expressed as a percentage of the total signal. 

2. Noise Level, The instrument is used in this 
position as a calibrated, sensitive, vacuum-tube volt¬ 
meter. To determine the noise level in a system, 
the sensitivity is set to give 100%, or full-scale 
reading on the meter. If the audio signal is then 
turned off, and the voltmeter sensitivity increased 
until a reading is again obtained on the meter scale, 
the ratio between the two attenuator settings be¬ 
comes a measure of the signal-to-noise ratio, or 
noise level. 

3. VU Lciwl Indicator. When the instrument is 
set to the vu position, it reads the level directly in 
VU for a 600-ohm line. The rridging input posi¬ 
tion must be used, and may be operated from a 
balanced or unbalanced 600-ohm line. The instru¬ 
ment is directly calibrated to read from +20 to — 60 
vu, with a reference level of 0 vu equal to 1.0 milli¬ 
watt in 600 ohms. 

The ballistic characteristics of the meter are 
made to correspond to the standard characteristics 
for volume-level indicators, that is, reading will 
reach 99% of steady-state value in 0.3 second. 

6-‘33b. Range and Accuracy —1. Distortion, 
Distortion is indicated directly on the meter, which 
is provided with two scales calibrated in percent. 
Full-scale values of 100, 30, 10. 3, 1, and 0.3% may 
l>e selected by a switch. Readings are accurate to 
within ± 5% of full-scale, ± 0.05% distortion. 

The frequency range is continuously variable for 
any fundamental frequency between 50 and 15,000 
cycles. The readings of the main frequency dial 
are accurate to ± 2%. The response is flat, within 


1 db, from the second harmonic of the fundamental 
frequency uj) to 45,000 and also from one-half of 
the fundamental frequency down to 30 cycles. 

The input signal level should be between 1.2 and 
30 volts for the 100-kilohni input, or 0.8 and 30 
volts for the 6p0-ohm bridging input. For higher 
signal levels, an external attenuator should be used. 

2. Noise Level. Noise levels between the limits 
of 0 to — 80 db may be measured satisfactorily with 
this instrument. The response is flat, within 1 db, 
between 30-45,000 cycles. 

Signal applied to the input terminals may be be¬ 
tween 1.2 and 30 volts for 100-kilohm input, or 0.8 
and 30 volts for tbe 600-ohm bridging input. For 
higher signal levels, an external attenuator should be 
u.sed. 

3. VU Level. The range extends from + 20 to 
— 60 vu, from a reference level of 1.0 milliwatt 
(0.775 volt) in a 600-ohm line. Frequency re¬ 
sponse is flat within 1.0 db from 30 to 45,000 cycles. 

4. Meter Characteristics. The indicating meter 
circuit employs an average response type, diode 
vacuum-tube voltmeter. 

6-33c. Installation and Operation —1. Pozver 
Supply Connections. The in.strument may be con¬ 
nected to any source of 115/230 volts, 50-60 cycle 
supply, via the connector cord provided. Internal 
voltage-regulator tubes will stabilize tbe instrument 
against the effects of line-voltage variations between 
the limits of 105-125 volts (210-250 volts). A 
split-primary winding on the power transformer 
provides for operating the instrument from a 230- 
volt line by a simple tap-changing operation. As 
normally supplied, the instrument is set up for 115- 
volt operation. To change to 230-volt operation, it 
is merely necessary to alter the transformer taps so 
that terminals 2 and 3 are connected together. 
(For 115 volts, connect 1 to 3, and 2 to 4.) 


AMPLITUDE MODULATION 


183 


The line-voltage plate is reversible, for 115 or 
230 volts, and should agree with the transformer 
connections as made. 

2. Audio Input Connections. A standard W.E. 
panel jack provides a convenient means for making 
connection to the instrument from the front of the 
unit. When this is done, it automatically discon¬ 
nects a rear Jones plug, to which more permanent 
connections may be made. 

An INPUT switch is located near the center of 
the panel and provides a means of selecting an input 
impedance of either 100,000 ohms or the 600-ohm 
bridging impedance of approximately 10,000 ohms. 
The latter may be operated balanced to ground, if 
desired, or with either side connected to ground. 

3. Distortion Mcasuremcnis. Having selected the 
desired input conditions, set the meter to the cal 
mark on the scale by adjustment of the cal control 
on the panel. Both panel switches should be set at 
the points marked cal. 

Depress the nisT switch, and set the main dial and 
lange switch to agree with the fundamental fre¬ 
quency of the signal under test. Tune the R and c 
balance controls, simultaneously, until a minimum 
is read on the meter. Tlie meter scale switch should 
be changed as necessary to keep the deflection at a 
readable point on the scale. 

The initial adjustments can be made quite rapidly. 
If the signal under test is low in distortion, and the 
0 .3% full-scale range of the meter is used, reason¬ 
able care will be required to balance accurately the 
R and c controls for an absolute minimum. The 
resulting indication is the average distortion in per¬ 
cent as read from the meter scale. 

When operating on the 0.3% full-scale range, the 
meter may tend to show erratic variations if the 
source of signal frequency is unstable or affected 
by line voltage surges. Use of a line-voltage regu¬ 
lator on the system under test is recommended for 
such conditions. For normal conditions, it should 
not be necessary to provide an external line-voltage 
regulator for the type 1932-A distortion and noise 
meter. 

Several distortion measurements, at various fre¬ 
quencies, may be made without the need for the 
calibration step being repeated each time, provided 
the input signal is kept at constant amplitude. 


4. Noise Level Measurements. The initial cali¬ 
bration procedure is the same as for distortion meas¬ 
urements. When this has been done, turn off the 
signal at its source and increase the meter sensi¬ 
tivity via the panel switch, until an indication is 
obtained on the meter. The arithmetic sum of the 
meter reading in db and switch position in db is the 
average value of the signal-to-noise ratio. The 
METER READS sw’itch remains in the noise position 
throughout the test. 

5. VU Lez'cl Measurements. When used to 
measure the signal level in a 600-ohm line, the 
METER READS switch is set to the VU position, which 
simultaneously depresses the 600-ohm bridging in¬ 
put switch. The circuit is internally calibrated to 
read the signal level directly in vu, and is inde¬ 
pendent of all other panel controls. Thus it is 
possible to quickly measure the vu level at any time 
by merely depressing the switch and observing the 
meter reading in vu, plus the reading of the meter 
switch. The absolute vu level is the arithmetic 
sum of the meter reading and the calibration, in 
VU, on the meter switch. 

6-33d. Adjustments and Maintenance —1. Dis^ 
tortion Calibration. A potentiometer is provided to 
permit the calibration of the distortion measuring 
circuit. Its function is to compensate for the “in¬ 
sertion loss^^ of the null network, at frequencies in 
the “pass band.” Its setting is accomplished merely 
by making the readings of the meter equal, for 
NOISE AND DIST positioil of the METER READS Switcll, 
when the main frequency dial is set at a point re- 
mewed from the applied frecjucncy by an amount 
equal to, or greater than, the second harmonic of 
this frequency. {Example: Let the signal fre¬ 
quency be 1000 cycles, then the dial may be set any¬ 
where in the range above 2000 cycles. Depress the 
NOISE switch and note the meter reading. Now 
depress the dist switch and adjust the compensating 
potentiometer until the same meter reading is 
obtained.) 

This adjustment is made initially at the factory 
and should not normally require correction. 

2. Calibration of VU Level. A potentiometer is 
provided for this purpose. Its function is to set 
the gain of the amplifier so as to provide a reading 
of 0 vu, when a voltage of 0.775 volt (1.0 milli¬ 
watt in 600 ohms) is applied to the 600-ohm bridg- 



Fig. 6-44. Elementary schematic diagram of the type 1932-A distortion and noise meter. 
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Fig. 6-45. The General Radio type 1301-A low distortion oscillator. 


ing input terminals. This may be checked at any 
time by using an accurately calibrated voltmeter or 
volume-level indicator, as a reference standard. 

This adjustment has been pre-set at the factory 
and should not normally require correction. 

3. Tube Replacements. The instrument is sub¬ 
stantially free from variations in tube characteris¬ 
tics. All normal tubes will work satisfactorily. 
Should it prove necessary to replace V-1, V--2, or 
V-3, it may be desirable to check the adjustment 
outlined in (1) above. Replacement of V-4, V-5, 
V-6, or V-7 may make it desirable to check the vu 
calibration, as outlined in (2) above. 

4. Precautions. Because of the inherently high 
gain of the internal amplifiers, difficulties due to a-c 
hum pick-up, stray fields, etc., may be encountered 
unless certain rules are followed. The instrument 
should not be operated in the vicinity of strong 
electromagnetic fields, such as may be found near 
equipment containing .saturating-corc regulating 
transformers, etc. 1'hc 600-ohm input will be most 
sensitive to this type of interference. Grounding 
the panel securely is highly desirable, and in some 
locations where an unbalanced a-c supply line is 
found, it may help to try reversing the a-c input- 
power cord. When the instrument is operating 
properly, the hum should not be visible as a deflec¬ 
tion above —20 db on the meter scale when the 
meter switch is set at the — 60 db position, with 
no connections to the input when the 100-kilohm 
position is used. The bridcunc input may be simi¬ 
larly checked, except that a dummy 600-ohm load 
must be connected to the input terminals. If, when 
an external lead is connected to the input terminals, 
the reading increases, it is an indication of pick-up 
on the connecting leads. Use of shielding on all 
connecting leads is desirable. 

Should hum be present when distortion and/or 
noise measurements are made, the resulting readings 


will tend to be somewhat higher than the actual 
value. 

6-33e. R-f Applications —When the type 1032-A 
distortion and noise meter is used in conjunction 
with the type 1301-A low-distortion oscillator and 
the type 1931-A modulation monitor, the complete 
audio-modulation characteristics of a transmitter 
may be measured. The oscillator is used to apply 
a modulation of extremely low initial distortion to 
the transmitter. The modulation monitor provides 
a means of measuring percentage modulation and 
also has an internal linear-diode detector and ampli¬ 
fier, which may be used to supply an undistorted 
signal to operate the type 1932-A distortion and 
noise meter. Cables are provided for all necessary 
interconnections at the rear of the instruments, and 
may be left permanently connected. Convenient 
panel jacks permit individual use of each instru¬ 
ment, by electrical disconnection of the rear plugs 
when the panel plug is inserted. 

6-33f. Specifications 

1. Distortion range: Distortion is read directly 
from a large meter. A multiplier allows full-scale 
deflections for 0.3%, 1%, 10%, or 30% distortion. 

2. Noise measurement range: The range for car¬ 
rier noise measurements extends to 80 db below 
100 % modulation, when the distortion meter is 
operated from the type 1031-A modulation monitor, 
or 80 db below an audio-frequency signal of zero 
vu level. 

3. Audio-frequency range: 50 to 15,000 cps (fun¬ 
damental) for distortion measurements; 30 to 45,000 
cps for noise and hum measurements. 

4. VU range: The power-level range is from 
-f 20 to — 60 vu. Full scale values of -f- 20, H- 10, 
0 , — 10, — 20, — 30, and — 40 vu are provided. 
The scale is calibrated in terms of a reference level 
of one milliwatt in 6(X) ohms. 
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Fig. (^46. Elementary schematic circuit diagram of the type 1301-A low-distortion oscillator. 


5. Input voltage range: The input level 

should be between 1.2 and 30 volts for the 100- 
kilohm input, and between 0.8 and 30 volts for the 
600-ohni bridj^in^ input. 

6 . Accuracy: For distortion measurements, ± 5% 
of full scale for each ranf>:e ± residual distortion 
as noted below; for noise and vu measurements, 
±5% of full scale. 

7. Input impedance: Two input impedances are 
provided, 100,000 ohms balanced, and 600-ohm 
liridf^fing input (10,000 ohms), balanced or un¬ 
balanced. 

8 . Residual distortion level: 100-kilohm input: 
0.05%, maximum, below 10,000 cps; 0.10%, maxi¬ 
mum, above 10,000 cps. Brid^irifi^ input: 0.10%, 
maximum, between 50 and 70 cps; 0.05%, maxi¬ 
mum, between 70 and 10,000 cps.; 0.10%, maximum, 
above 10,000 cps. 

9. Residual noise level: Less than -”80 db. 

10. Accessories required: For measuring the dis¬ 
tortion in oscillators and other audio-frequency 
sources, no additional equipment is required. For 
measurements on amplifiers, lines, and other com¬ 
munication networks, a low distortion oscillator is 
required to furnish the test tone. Type 1301-A low 
distortion oscillator is recommended. When the 
modulated output of a radio transmitter is to be 
measured, a linear rectifier to produce the audio 
envelope is necessary. The type 1931—A modula¬ 
tion monitor is recommended for this purpose. 
However, any detector system having an undistorted 
output of 1.5 volts rms can be used. 

11. Terminals: Input terminals are provided at 
the rear of the instrument for direct connection to 
the modulation monitor. A Western Electric jack 
is provided at the panel also, as an auxiliary input 
circuit. Plugging into this jack automatically dis¬ 
connects the rear connectors. 


12 . Pozver supply: 105 to 125, or 210 to 250 volts, 
40 to 60 cps. The line input power is 60 watts. 
The power sujiply is voltage regulated. Line surges 
will have no appreciable effect, except when the 
instrument is operated on the 0.3% distortion or 
—60 db scale. 

13. Dimensions: Panel 19x7 inches; depth be¬ 
hind panel, 12 inches. Net weight, 35l^ pounds. 

6-34. General Radio Type 1301-A Oscillator— 
The type 1301-A oscillator was designed particu¬ 
larly for use as a tone source for distortion measure¬ 
ments and as a jiower source for bridge measure¬ 
ments at audio frecjucncies. Because of the large 
number of frequencies at which this oscillator will 
operate, it is also satisfactory for measuring fre¬ 
quency characteristics and for use as a general labo¬ 
ratory oscillator. 



Fig. 6-47. Block diagram of oscillator section. 

The output frequencies include those recom¬ 
mended by the F.C.C. for distortion measurements 
on broadcast transmitters. This oscillator is thus 
ideal for use with the type 1932-A distortion and 
noise meter for rapid distortion measurements. 

The unusually pure wave form deliver^ by this 
oscillator at low frequencies makes distortion nieas- 
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urcmcnts possible at considerably lower frequencies 
than have hitherto been practicable. 

6-34a. Description —The oscillator is of the 
resistance-tuned type and operates on the inverse 
feedback ® principle developed by the General Radio 
Company. Separate feedback networks control the 
frequency and amplitude independently, thus provid¬ 
ing high stability and low distortion. 

The degenerative feedback which controls the fre¬ 
quency is obtained by means of a parallel-T net¬ 
work including mica condensers and wire-wound re¬ 
sistors. The regenerative network includes a new 
automatic control system whereby a high degree of 
stability is obtained together with low harmonic 
distortion, without the need for any manual feed¬ 
back adjustments. 

The desired frequency is selected by push-button 
switches. Another push-button switch selects the 
output impedance. A control is provided for ad¬ 
justing the output voltage. 

6-34b. Features —The important features of 
this oscillator are high stability and low distortion. 
A distinctive convenience feature is the push-button 
control which allows instant selection of any one of 
27 frequencies from 20 to 15,000 cycles. 

Jacks are provided for plugging in external re¬ 
sistors, thus allowing the operation at any fre- 
(piency within the nominal operating range. In 
addition, satisfactory operation can be obtained at 
frequencies outside of this range and as low as 2 
cycles, at some sacrifice in purity of waveform. 

An external range-extension unit, type 1301-Pl, 
is available which plugs into the oscillator and 
provides a multiplying factor of 0,1 for all frequen¬ 
cies, thus extending the frequency range downward 
by a full decade (2 to 15 cycles). 


POSITIVE FEEDBACK 



TO GRID OF 

TUBE,V-IOI OUTPUT OF 
SECOND OSCIL¬ 
LATOR TUBE,V-I02 




Fir.. 6-48. Simplified diagram of frciiuency-determining 
network. 


cover practically the entire audible range in approxi¬ 
mately logarithmic increments. 

3. Frequency calibration: Each instrument is ad¬ 
justed within ± 1% ± 0.1 cycle. 


FROM OUTPUT 



Fig. 6-49. Frequency-determining network. 


4. Frequency stability: The internal voltage regu¬ 
lator eliminates freiiuency changes resulting from 
changes in plate supply. Changes in load have no 
effect upon the frequency. The frequency drift is 
not greater than 0.02% per hour after the first 10 
minutes of operation. 



Fig. 6-50. Negatise feedback circuit used in the 
oscillator section. 

5. Output impedance: Three output circuits are 
provided. Selection among them is obtained by 
means of a push-button switch on the panel. The 
output impedances are as follows: 

(a) 600-ohm balanced to ground. 

(&) 600-ohm unbalanced. 

(c) 500-ohm unbalanced. 


6~34c. Specifications 

1. Frequency range: 27 fixed frequencies between 
20 and 15,000 cps. 

2. Frequency control: The frequency is controlled 
by two push-button switches. The first provides 
frequencies of 20, 25, 30, 40, 50, 60, 75, 100, and 
150 cps, while the second multiplies these frequen¬ 
cies by 1, 10, and 100. The frequencies included 

»U. S. Patent No. 2,173,427. 


The volume control is a potentiometer in the 5000- 
ohm circuit. The actual output impedance of the 
5000-ohm circuit will vary between 1000 and 6000 
ohms, depending upon the setting of the volume 
control. Suitable resistance pads keep the imped¬ 
ance of the 600-ohm output circuit essentially con¬ 
stant, regardless of the volume control settings. 
The 600-ohm balanced output circuit is balanced at 
all frequencies when operating into a balanced load 
of any impedance. 






AMPLITUDE MODULATION 


187 




Moon A 

MODEL B 

RI.R4 

4.I2M 

e 58M 

R2.RS 

412K 

a48K 

R3.R6 

41.2K 

84.bK 


b t 

n 

oj < 

1 

o- 

pOUT 

A m 

C8 1 

1 1 1 

002 


Fig. 6-51. Schematic circuit diagram of Hewlett-Packard resistance tuned oscillator. 


6 . Output pmvcr: IS milliwatts into 600-ohni load 
or 6-volt open circuit; 80 milliwatts into 5000-ohm 
load or 30-volt open circuit. 

7. Waveform: (a) SOOO-ohrn output: Not more 
than 0.1% hetween 40 to 7500 cps. Not more than 
0.15% at other frequencies: (b) 600-ohm output: 
Not more than 0.1% between 40 to 7500 cps. Not 
more than 0.25% between 20 to 40 cps. Not more 
than 0.15% above 7500 cps. 

8 . Pozecr supply: 105 to 125 (or 210 to 230) 
volts, 50 to 60 cps a.c. The total power consump¬ 
tion is approximately 45 watts. 

9. Dimensions: Panel 19x7 inches; depth be¬ 
ll ind panel, 12 inches. 

6-35. Hewlett-Packard Resistance-tuned Audio 
Oscillator —The Hewlett-Packard resistance-tuned 
audio oscillator is basically a two-stage, resistance- 
coupled amplifier. It oscillates by virtue of the 
fact that a portion of the output voltage is fed back 
to the input of the amplifier in the proper phase 
relation (positive feedback). In addition, negative 
feedback is employed to stabilize the operation of 
the oscillator and to keep the output constant over 
a wide range of frequencies. A block diagram of 
the oscillator section is shown in Figure 6^7. 

The frequency-determining network preceeds the 
input to the first oscillator tube V-101. Figure 6-48 
shows a simplified schematic diagram of this net¬ 
work. The design of the system is such that the 
voltage applied to the first oscillator control grid is 
in phase with the voltage applied to the whole 
frequency-determining network. In addition, the 


grid voltage is always one-third of the voltage ap¬ 
plied to the whole network. 

The network’s resonant frequency is inversely 
proportional to the product of the resistance and 
capacitance. From this it may be seen that large 
changes in resonant frequency are possible for a 
given set of components. A frequency change of 
more than 10 to 1 is provided by each set of re¬ 
sistors. The entire audio spectrum is covered by 
using three separate sets of values for R. The 
complete frequency-determining network is shown 
in Figure 6-49. 

As may be seen in the simplified diagram, Figure 
6-50, the negative feedback voltage used in the os¬ 
cillator section is derived from the output of the 
second oscillator tube V-102 and is fed back to the 
cathode of the first oscillator tube V-101. The 
magnitude of the negative feedback is determined 
by a resistor network, one element of which is the 
incandescent lamp R-103. A property of this lamp 
is that it has a positive temperature coefficient; how¬ 
ever, it possesses sufficient thermal inertia so that 
its temperature is substantially constant even at 
frequencies as low as 6 cycles. Because of this 
nonlinear property, the oscillations cannot build up 
to large values, for, if the oscillations tend to build 
up, the resistance of the lamp tends to increase, and 
therefore the degeneration increases, causing less 
amplification in the oscillator section. Thus, the 
lamp selects the proper operating point for the sys¬ 
tem and serves as an automatic amplitude limiter. 















CHAPTER 7 

FREQUENCY MODULATION SYSTEMS 


While several papers had been published on the 
aspects of both frequency and phase' moclulation, it 
was not until Major Edwin H. Armstrong demon¬ 
strated his development of a system in 1933-34 that 
the advantages of frequency modulation in over¬ 
coming atmospheric and man-made noises, as well 
as improvements in fidelity and other possibilities, 
were realized. Major Armstrong’s demonstration 
of interference-frec reception during the presence 
of local thunderstorms was startling and fascinated 
radio engineers and experimenters throughout the 
world. 

Subsequently, Murray G. Crosby secured a 
patent ^ disclosing a type of frequency modulator 
wherein a high degree of .stability was maintained 
by the use of automatic frcciuency control circuits 
similar to those incorporated in some broadcast re¬ 
ceivers. In this system, the same controlling means 
used to produce the fre(iuency modulation is also 
employed for automatically controlling the mean 
frequency of the modulation. In this way, a simple 
fre(iuency modulator with a high degree of stability 
is obtained without the necessity of a high degree 
of frequency multiplication. 

7-1. Requirements of an F-M System —As in 
amplitude modulation, side-band freciuencies are 
transmitted but, in general, are quite different, since 
in amplitude modulation one pair of side bands is 
produced, whereas in frequency modulation an in¬ 
finite number of side bands is produced. 

Good engineering practice requires that the fol¬ 
lowing conditions be satisfied to insure that the 
maximum advantages are derived from frequency 
modulation. 

1. The frequency deviation must take place 
around a fixed point, the mean carrier frequency, 
and during modulation the change in fre(iuency 
must be symmetrical with respect to this point. 
Over periods of time, there must be no drift from 
the mean carrier fre(iuency. 

2. The frequency deviation of the transmitted 
wave should be independent of the frequency of 
the modulation current and directly proportional to 
the amplitude of that current. 

3. The receiving system must have such charac¬ 
teristics that it will convert changes in frequency to 
changes in amplitude. The bandwidth of the re¬ 
ceiving system must be capable of passing the com¬ 
plete deviation of frequency each side of the carrier. 

1U. S. Patent Office No. 2,279,659, April 14, 1942. 
Murray G. Crosby assignor to Radio Corporation of 
America. 


4. The amplitude of the detected current should 
be directly proportional to the change in frequency 
of the transmitted wave and independent of the rate 
of change thereof. 

From these conditions, it can be stated that a 
frequency-modulation transmission system requires 
that the frequency of the carrier be varied in ac¬ 
cordance with audio-modulating frequencies at a 
rate proportional to the frequency of the audio- 
modulating signal, and that the amount of deviation 
be proportional to the amplitude of the audio- 
modulating signal. 

Because of the wide frequency band required, op¬ 
eration of F-M systems is necessarily confined to 
the very high fretiuencies and, in general, to fre¬ 
quency bands above 30 me. 

7 -2. Modulation Characteristics —A graphical 
comparison of the waveform of an amplitude and 
fre(|uency modulated w'ave will be helpful in under- 
.standing the mechanics of frequency modulation as 
compared to amplitude modulation. Referring to 
Figure 7-1, line (a) shows the carriers of both 
systems without modulation. Line (b) shows the 
carriers modulated by an audio-freciuency sine 
wave. It will be noted that in the case of amplitude 
modulation, the amplitude of the carrier is varied 
in accordance with the audio-modulating frequency, 
but the intervals between each cycle remain un¬ 
changed. In other words, no change in the fre¬ 
quency of the carrier has been made. However, a 
glance at the frcijuency-modulation pattern will dis¬ 
close intervals of different lengths indicating that 
the frecjuency has been changed, but each cycle 
maintains the same amplitude. 

7-3. The Armstrong System —Since the Arm¬ 
strong or '"indirect system’' obtains its frequency 
modulation through the use of a phase modulator, 
an understanding of the difference between phase 
and frequency modulation is necessary to understand 
the Armstrong system fully. 

With a sine wave for a modulating signal and the 
amplitudes properly adjusted, the resulting fre¬ 
quency spectra from both phase and frequency 
modulation will be identical. However, if a new 
modulating frequency is substituted in the two sys¬ 
tems, it will be necessary to readjust the amplitude 
of the modulating signal in the phase-modulated 
system to make them identical again. It is found 
that the angle of phase shift in the phase-modulated 
system must be inversely proportional to the modu- 
kating frequency to produce the spectrum of a 
frequency-modulated system in which the frequency 
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FREQUENCY MODULATION 



Fig. 7-1. Waveform of an a-m and f-m signal. 


deviation is independent of the modulalinjj fre¬ 
quency. If the audio response of the modulating 
system is made inversely proportional to frequency 
over the desired audio-fretjuency response range of 
the system, true frequency modulation will be 
produced. 

If a small portion of the outjiut of an oscillator 
has its phase changed by and this (luadrature 

component is added to the principal output of the 
oscillator, the resultant output differs in phase 
from that of the oscillator l)y an angle approxi¬ 
mately equal to the ratio of the (juJidrature part to 
the principal part of the combined currents. If the 
amplitude of the quadrature current is made pro¬ 
portional to the amplitude of a desired modulating 
frequency, a system of phase modulation will re.sult. 
It is found that modulations of the phase angle ex¬ 
ceeding 30° cannot be made by this system without 
creating excessive distortion. A relatively simple 
circuit is available to produce phase modulation in 
this manner. The operation of the system can be 
explained by referring to the schematic circuit ar¬ 
rangement of Figure 7-2. 

A voltage derived from the crystal oscillator is 
applied in like phase to the grid of an amplifier, 
and both grids of a balanced modulator. "J'he plate 
circuits of the modulators are made nonreactive for 
the frequency applied to their grids by balancing 
out the reactance of the transformer primaries by 
means of the condensers in series with the windings. 
The plate currents are, therefore, in phase with the 
voltage applied to the grids. The succeeding ampli¬ 
fier (side-band amplifier) is inductively coupled to 
the balanced modulators, the secondary of the 
coupling transformer having a natural period that 
is high compared with the frequency of the crystal 
oscillator; thus the excitation to the side-band am¬ 
plifier always differs in phase by 90° from the 
output of the crystal oscillator. When the modu¬ 
lator tubes are unbalanced by the application of a 
signal to their screen grids, they pass a portion of 
the oscillator output which furnishes a quadrature 
excitation for the side-band amplifier. Therefore, 
the voltages that both the frequency amplifier (FI) 


and the side-band amplifier (F3) develop across 
the common resistance load used to excite the next 
amplifier will be 90° apart. 

The phase of the voltage across the common 
resistance of the two amplifiers is alternately ad- 
VMKed and retarded by the combination of the 
modulated and unmodulated components and the 
maximum phase shift is given by an angle whose 
tangent is the sum of the peak value of the quad¬ 
rature component divided by the peak value of the 
unmodulated component. By keeping this angle 
sufficiently small (not greater than 30°) it may be 
made substantially proportional to the amplitude of 
the two side freijuencies and hence to the amplitude 
of the initial modulating current. 

To insure a frequency deviation independent of 
the modulating frequency, it is necessary to take 
measures to make the angle through which the 
phase is shifted inversely proportional to the fre¬ 
quency of the modulation current. This is accom¬ 
plished by employing a correction network in the 
audio amplifier preceding the modulators as shown 
in Figure 7-3. The design of this network is .such 
that the amplification characteristics arc inversely 
proportional to frequency. The condenser 
who.se impedance for the lowest frequency of modu¬ 
lation is relatively small with respect to the series 
resistance makes the voltage on the grid of the 
amplifier tube inversely proportional to the fre¬ 
quency. Consequently, the angle through which the 
current in the phase modulator is advanced or re¬ 
tarded becomes directly proportional to the ampli¬ 
tude of the modulation current and inversely pro¬ 
portional to its frequency, 'File re.sulting phase 
shift, which in practice is limited to 30° when the 
modulation frequencies extend from 50 to 15,000 
cycles, must be multiplied a great many times before 
the desired deviation of frequency is obtained to 
insure reception free of interference. The initial 
frequency deviation is of the order of 15 to 20 cycles 
at a fundamental frequency of 200 kc. As em¬ 
ployed in F-M broadcasting, it would be necessary 
to multiply the initial deviation and fundamental 
frequency 50,000 times. This is accomplished, as 
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stated previously, by a series of frequency multi¬ 
plier stages, the initial stages of which may em¬ 
ploy receiving type tubes until the desired deviation 
and excitation power for larger transmitting tubes 
are obtained. 

7^. Frequency Control —A modification of the 
original methods of controlling the carrier fre¬ 
quency of an F-M transmitter using the Armstrong 
system of modulation, as employed in REL trans¬ 
mitters, is shown graphically in Figure 7-4. The 
operation of this system is described by REL as 
follows: 


“The distinguishing feature of this method, as com¬ 
pared to others, is that the modulation of the frequency 
of the transmitter is accomplished without affecting in 
any way the frequency of the controlling oscillator. 
This is done basically by varying the amplitude of one 
of two currents that are phased at 90°. The resultant 
is consequently modulated both in frequency and phase. 
In order that the ultimate frequency deviation of the 
carrier shall be independent of the audio-modulating 
frequency, the program is passed through a corrector 
network, the response of which is inversely propor¬ 
tional to frequency. Referring to the block diagram. 
Figure 7-4, this network is located in the output of the 
audio panel. By virtue of the balanced modulator ar¬ 
rangement of the modulator panel, there are produced 



Fig. 7-3. Frequency correction network. 
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Fig. 7-4. Block diagram of the dual channel modulator. 
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two frequency-modulated currents whose deviations are 
instantaneously in opposite directions. The source of 
the current at the modulating frequency is a crystal 
oscillator operating at about 200 kc. The two op^- 
sitely modulated signals are multiplied in frequency 81- 
fold in two separate channels; hence, Dual Channel. 
One of these is heterodyned to another frequency about 
2 me removed. This resultant, and the output of the 
other multiplier channel, are then beat together and their 
difference recovered. At this point, all dependence of 
the output frequency of the transmitter on the original 
200-kc oscillator is removed and its place is taken by the 
crystal oscillator operating at 2 me located in the modu¬ 
lator panel. The actual heterodyning occurs in the chan¬ 
nel No. 1 panel. It should be observed that this latter 
is in no way affected by modulating currents, and that 
it can be, and is, designed with but one object in view— 
stability. 'J'he remaining frequency multiplication in the 
modulator is 48-fold and occurs in multiplier and output 
panels. The ultimate frequency stability of the trans¬ 
mitter, as the result of this arrangement, is as though 
the carrier had not been frequency modulated and is 
therefore directly comparable to that of an A-M trans¬ 
mitter at the same final frequency. The simplicity and 
directness of this method of frecjuency control are 
unique. There are no tuning motors, reactance tubes, 
d-c control circuits, or free oscillators,” 

7-5. Deviation Ratio, or Index of Modulation 

—In amplitude modulation we express the degree 
of modulation in terms of percent. In frequency 
modulation the degree of modulation is called the 
deviation ratio, or index of modulation. The devi¬ 
ation ratio is defined as the maximum deviation of 
the frequency from its center or mean frequency 
divided by tlie modulating frequency. As an ex¬ 
ample, consider an F~M broadcast station operating 
with a maximum frequency deviation of ± 75 kc and 
with a modulating freriuency of 15,000 cycles; the 
deviation ratio equals 75/15, or 5. 

The Federal Communications Commission in its 
“Standards of Good Engineering Practice” cover¬ 
ing the operation of high-freciuency broadcast sta¬ 
tions on the basis of 200-kc channel separation has 
specified ± 75 kc as 100-percent modulation for an 
F-M broadcast station. This permits sufficient fre¬ 
quency swing to obtain good noise reduction and, 
at the same time, leave a margin as a guard band 
to prevent adjacent channel interference. 

Summarizing, it can be said that the measurement 
of percentage of modulation or deviation ratio in 
F-M broadcasting is a measurement of the range 
of instantaneous frequency deviation with 75 kc as 
100 percent. 

Figure 7-5 shows the distribution of the carrier 
and the side bands as a function of the deviation 
ratio. For simplicity, only the components up to 
the fourth side band and deviation ratios up to ten 
are shown. The negative values on these curves 
simply mean a reversal of phase. It should be 
noted that the amplitude of the side bands bears no 
simple relationship to the magnitude of the modula¬ 
tion as in an amplitude-modulated system. 

7-6. Relation of Highest Modulation Fre¬ 
quency to Carrier —In the phase-shifting system 


of the balanced modulator just described, an impor¬ 
tant consideration is involved when the modulation 
frequencies are high compared with the fundamental 
oscillator. The plate circuits of these tubes are sub¬ 
stantially aperiodic, and consequently the amplitudes 
of the upper and lower side-band frequencies are 
approximately equal; therefore, the voltage devel¬ 
oped in the secondary of the coupling transformer 
is directly proportional to the value of these fre¬ 
quencies. In the case where the fundamental fre¬ 
quency is 50,000 cycles and the modulation frequen- 



Fig. 7—5. Distribution of the components of an f-ni signal. 
(Courtesy Radio Magazines, Inc.) 


cics arc 10,000 cycles or higher, the upper side 
frequency may be 50 percent greater than the lower. 
Here, again, this inequality of frctiuencies may be 
compensated for by inserting a correction network 
of capacitance and resistance of proper values sub¬ 
sequent to the point at which the combination of 
carrier and side frequencies is effected but prior to 
the point at wdiich loss of linearity of amplitiade 
occurs. It is necessary to keep the level of the 
amplifiers ahead of the compensating network suf¬ 
ficiently low to insure linear operation. 

7-7. Reactance Modulation —The ‘^direct sys¬ 
tem” of producing fre(|uency modulation ])atented 
by Crosby utilizes a reactance modulator tube con¬ 
nected in parallel with the oscillator tank circuit, 
permitting the modulating frequencies to produce 
an effective change of inductance of the oscillator 
tank circuit. 

In such a circuit arrangement, the transmitter 
output may have its frequency modulated without 
the need of frequency multipliers. In practice, 
however, frequency multipliers are used, and conse¬ 
quently the deviation, or carrier swing, is likewise 
multiplied by the degree of multiplication. 

Since such a system cannot have its carrier fre¬ 
quency crystal controlled, it is necessary to utilize 
carrier frequency control by the method shown in 
Figure 7-6. In this circuit arrangement, a small 
part of the carrier frequency is heterodyned in a 
converter tube with the output of a crystal oscillator 
through a tripler circuit so that a difference of 1000 
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to 3000 kc results. This frequency is fed into a depending upon the way it is connected in the cir- 

diode rectifier through a discriminator circuit. The cuit. (In Figure 7-7 it is connected as an induc- 

rectified voltage, which is used to bias the inodu- tance.) Since it is connected across the tank cir- 

lator, varies when the mean oscillator frefjuency cuit of the oscillator, the fretiuency of the o.scillator 

tends to change and consecjuently serves to main- is varied by the modulating frequencies. The 

tain the carrier at a constant frequency. A high change in inductance is accomplished by making the 

degree of center frequency control is obtainable by resistance of large compared with the reactance 

this method. of Cj. Consequently, the current through the series 

The manner in which frequency modulation is circuit RxC\ will be practically in phase with the 

accomplished by a reactance modulator, Figure 7-7, voltage across the tank. The voltage across Cj will 

is explained as follows: be 90° behind the current because of the well- 

Audio voltages fed into the reactance modulator known property of a condenser to cause the voltage 

cause it to act as an inductance or a capacitance, to lag 90° behind the current. 



Fig. 7 - 7 , Reactance modulator. 
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Fk,. 7-8. Block diagram of exciter unit emploving General Electric Phasitron modulator tube. 



Fig. 7-9. The GL-2H21 Phasitron tube. 


Ihe r-f current in the modulator plate circuit will 
be in phase with the r-f voltaj^e on the grid and, 
consequently, lags the current through Ci by 90°. 
This lagging current passing through the oscillator 
has the effect of an inductance in the oscillator tank 
circuit. 1'he variation in inductance is controlled 
by the amplitude of the lagging current which, in 
turn, is controlled by the amplification of the modu¬ 
lating frequencies by the modulator tube. 

7--8, The General Electric F-M System—The 
General Electric Company has incorporated in their 
new F~M transmitters a system of accomplishing 
frequency modulation utilizing a new type of modu¬ 
lator tube, the type GL-2H21 “Phasitron.” The 
tube was proposed originally by Dr. Robert Adler 
of Zenith Radio Corporation. In the development 
of the tube and circuit, basic ideas were contributed 
by Dr. F. M. Bailey and Mr. II. P. Thomas of 
General Electric. 

The purpose of the modulator tube is to make 
possible the introduction of comparatively wide 
phase excursions at audio rates in a crystal- 
controlled, radio-frequency carrier voltage. The 
audio response characteristic of the circuit is such 
that the output of the tube is wide-swing frequency 
modulation. A schematic block diagram of the 
circuit employed is shown in Figure 7-8. 

The structure of the modulator tube, shown in 
Figure 7-9, is the basis on which this circuit is 
built. Figure 7-10 shows an enlarged cutaway view 
of the tube elements. 

Anodes 1 and 2 are maintained at a positive d-c 
potential and draw electrons from the cathode. By 
means of the two focus electrodes, these electrons 
are formed into a tapered, thin-edge disc. This 
disc, with the cathode for its axis, lies between the 
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neutral plane and tlie deflector grid structure and 
extends to anode 1. 

The deflector grid consists of 36 separate grid 
wires. These wires are lettered A, B, and C in 
Figure 7-10. All the A grid wires are connected 
together, as are all the B and all the C grid wires. 


Figure 7-11 is a developed view of the grid struc¬ 
ture and the neutral plane. 

The output of a crystal-controlled oscillator is 
amplified and fed into a phase-splitting network that 
converts the single-phase, radio-frequency voltage 
to a three-phase voltage. This three-phase voltage 
is applied to the deflector grids as shown in Figure 
7-11. Phase A connects to the grid wires marked 
A, phase B to the B wires, and phase C to the C 
wires. 

Referring to Figure 7-11, the deflecting action 
on the disc of electrons passing between the de¬ 
flector grid and the neutral plane is as follows: At 
instant 1, Figuie 7-11, the grid wires A are positive. 
I'his results in deflection of the electron disc as 
.shown in Figure 7-11 (instant 1). Shown in per¬ 
spective, the disc would appear as in Figure 7-12. 
At instant 2, one-third of a cycle later, grid wires 
B ire positive and wires A and C are negative. 
'J'he resulting deflection would be as shown in Fig¬ 
ure 7-11 (instant 2). "J'he serrated edge of the 
disc would appear to have moved the space of one 
grid wilt during the time interval between instant 
1 and instant 2. With the three-phase voltage ap¬ 
plied to the deflector grid, the disc .shown in Figure 
7-12 would appear to be rotating. 


GRID STRUCTURE 



Fig. 7-11. Three-phase voltage applied to deflector grid. 
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Fin. 7-12. Perspecti\c view of electron di'^c. 


Fij^^ure 7-13 shows a developed view of a portion 
of anode 1. This anode has 24 holes punched in it, 
12 above the plane of the election disc and 12 
below. The rotating? serrated of the electron 

disc inipinp^es on this series of holes. At an instant 
when the disc edge is lined up, as showai by the 
solid line in Figure 7-13, most of the electrons pass 
on through to anode 2. One-half cycle later the 
edge of the disc has moved on to the position shown 
by the dotted line in Figure 7-13. At this instant, 
few, if any, electrons get through to anode 2. 
Thus, the current flowing to anode 2 varies sinu¬ 
soidally at the crystal freciuency. Also, it can be 
seen that any variation in the angular velocity of 
rotation of the electron disc will result in phase 
and frequency variation in this output current. 

A coil is placed around the tube as shown in 
Figure 7-14. The magnetic field resulting from a 
current flowing in this coil is perpendicular to the 
plane of the electron disc. The electrons traveling 
radially out from the cathotle toward the anodes 
through this field have a force exerted on them in 
a direction perpendicular to their path and perpen¬ 
dicular to the direction of the magnetic field. 
Thus, an angular displacement is introduced in the 


rotation of the electron disc, causing phase shift in 
the output current as explained above. 

Audio-frequency current flowing in this coil 
causes audio-frequency angular displacements to be 
superimposed on the rotation of the electron disc. 
Thus, audio-frequency phase shifts arc obtained in 
the output (anode 2) current. This current flowing 
through a load impedance develops a phase- 
modulated, radio-frequency voltage whose average 
frequency is that of the crystal. 

It can be seen that if a d-c voltage is applied to 
the coil, the magnetic field set up introduces a fixed 
angular displacement in the rotation of the electron 
disc which then continues rotating at the same rale. 
1'heiefore, direct crystal-controlled phase modula¬ 
tion is accomplished. 



Phase modulation, when performed at a sinusoidal 
rate, is always accompanied by frecjiiency modula¬ 
tion, which bears the following relationship to the 
phase displacement: 

Pd = <j>Fa 

where Fd = maximum freejuency deviation in cycles 
per second 

if) = maximum phase displacement in radians 
Fa = audio-modulation frequency 

From this equation it can be seen that, in order 
to hold the maximum frecjuency deviation constant. 



Fig. 7-1.3 Developed view of anode 
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the maximum phase displacement must vary in¬ 
versely as the modulatinjif audio frequency. This 
can be accomplished if the audio-frequency current 
in the modulating coil is inversely jiroportional to 
the frequency. If the impedance of the coil is 
purely inductive reactance, the current in the coil 
will meet the required conditions when a constant 
audio-frequency voltage is applied; this voltage 
being independent of frequency, 'riius, a driving 
tube that supplies a constant audio-frequency volt¬ 
age to the coil will produce fre(|uency modulation 
directly. 

The modulation induced angular phase displace¬ 
ment of the rotating electron disc can he compared 
with a similar action that is characteristic of a ro¬ 
tating synchronous machine. With no load, the 
synchronous machine rotor is aligned with the three- 
phase rotating magnetic field of the stationary 
armature winding. However, the external applica¬ 
tion of a load results in a displacement of this align¬ 
ment in a direction and amount determined by the 
load. Nevertheless, for atiy normal load the steady- 
state rotor speed remains constant. 

The modulation coil is driven by a imsh-pull volt¬ 
age amplifier that maintains the amplitude of the 
audio voltage across the coil constant. This means 
that the current flowing through the coil decreases 
with increasing audio range. The magnetic field 
strength, and thus the phase swing of the output 
current, therefore decreases (6 db per octave) with 
increasing modulation frequency, effectively giving 
frequency modulation. 

The block diagram of Figure 7-8 shows a total 
of 12 vacuum tubes (10 r.f. and 2 a.f.) used to 
arrive at the fully modulated 100-mc carrier fre¬ 
quency. This carrier frequency is crystal-controlled, 
using a single crystal. This system of modulation 
permits an extremely wide modulation swing with 
low distortion and provides excellent signal-to-noise 
characteristics. 


'Hie basic circuit in which the GL-2H21 is used 
is shown in Figure 7-15. 1'he functions of the 
circuit are: 

1. To supply three-phase, crystal-controlled volt¬ 
ages to the deflection electrodes of the tube. 

2. To supply a magnetic field in the direction of 
the axis of the tube, which varies with time at the 
audio-frequency rate. 

3. To extract the frequency-modulated signal 
which requires only amplification and frequency 
multiplication from this stage on. 

The GL-2H21 tube, when receiving a 220-kc, radio¬ 
frequency signal, will deliver to subsequent stages 
a frequency-modulated signal having a freciuency 
deviation of ±175 cycles from 220 kc. Frequency 
multiplication of 432 yields an output frequency of 
95 me with a frequency deviation of ± 75 kc. The 
audio-frequency power required to perform this 
modulation is approximately 50 milliwatts. 

7-9. Westinghouse F-M Frequency Control 
Circuit —A new method of automatically control¬ 
ling the carrier frequency of an F-M tran.smitter 
has been developed by the Westinghouse Electric 
Corporation, utilizing a pulse technique. In a re¬ 
cent paper, Mr. J. R. Boykin of Westinghouse ex¬ 
plained the operation of the system. I'his paper 
includes a discussion of the general problem of 
automatic frequency control and methods of accom¬ 
plishing it. 

“Freciuency-modulatcd systems, particularly frequency- 
modulated broadcast systems, present a number of prob¬ 
lems. The system must be capable of modulation, but 
the center-frequency must be accurately maintained. If 
the system is what is commonly called direct l'"M, the 
modulation is produced by varying the constants of the 
tank circuit of the primary oscillator at an audible 
rate. The extent of this frequency shift is approxi¬ 
mately one tenth of one per cent, at an audio frequency 
that may be as high as 15 kilocycles. 
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Fir,. 7--16. GL-2H2I modulation cliaracteristics. 


“To build an oscillator that is capable of beinj? modu¬ 
lated in this manner, it is necessary to keep the tank 
circuit capacitance low and the inductance high. If a 
high C circuit is used, the oscillator will be so stable 
that it will be impossible to modulate it to the extent 
required, particularly at the higher audio fret|ucncies. 

“On the other hand, the center-frequency of the 
system must be maintained within approximately one 
five-hundredth of one jicr cent. Using the highest ca¬ 
pacitance and the lowest inductance practicable in the 
tank circuit, and using the best temperature compensa¬ 
tion technique in building the oscillator, such stability is 
still not possible. The fact remains, also, that such an 
oscillator could iKJt be frequency modulated even if it 
could be built. 

“Since the required stability can not be built into the 
oscillator, it becomes necessary to use sonic automatic 
frequency control system. There have been several 
such .systems devised in the past, one of which utilized 
an LC discriminator to maintain the center-frequency a 
fixed number of kilocycles auay from a reference fre¬ 
quency which was crystal controlled. Naturally, any 
drift or mistuning of the discriminator resulted in a 
corresponding shift of the transmitter center frequency. 


Another disadvantage was that it was difficult to realize 
a high control ratio. C'ontrol ratios in the order of 15 
to 20 were generally used. 

“An improved system consists of dividing a sample 
of the oscillator frequency enough times so that the 
phase shift resulting from the frequency modulation is 
approximately one radian or less This freiiuency, 
along with two waves in quadrature from a crystal 
oscillator, are applied to the grids of a pair of mixer 
tubes. The output of these mixer tubes is the differ¬ 
ence between the divided oscillator frequency and the 
crystal freiiuency. This outimt, being two phase, is 
used to run a synchronous motor which turns the oscil¬ 
lator tuning ca\)acitor in the direction to correct the 
oscillator frequency. 1'his system presents the usual 
problem.s associated with a multiplicity of tuned circuit 
and moving parts. 

“Another system, known as indirect FM, uses a crys¬ 
tal oscillator. The output of this oscillator is phase- 
modulated and suhsequently multiplied enough times to 
obtain the required frequency excursion. In order to 
end witli the correct carrier frequency, this phase modu¬ 
lation must take place at quite low frequencies, which 
requires carefully shaped band-pass multipliers. Also, 
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audio distortion inherent to this system requires that 
extra precautions be taken to limit it to low values. 

“All of the above systems have the property of basing 
the control on the average frequency. If a plot is made 
of frequency versus time, and a line is drawn equal to 
the frequency without modulation, the areas enclo.sed by 
the curve on each side of the line will be eciual. 

“Several systems of freiiuency control have been sug¬ 
gested wliich would correct to a different point. One of 
these would correct tc) where the total time that the 
frequency was above the assigned freiiuency would be 
equal to the total time that it was below’, I'igure 7-17a. 

“If the modulation was a pure sine wave, such a sys¬ 
tem would correct to the assif«ned frecpiency. With un- 
.symmetrical modulation, however, some of the siilebands 
would often spill over into the adjacent channel. An¬ 
other .system proposed would adjust the frequeticy so 
that the maximum excursion above the assigned fre¬ 
quency was equal to the maximum excursion below the 
assigned freipiency, iMRure 7-17b. Such a system would 
keep the sidebands within the assigned frequency spec¬ 
trum under steady state conditions, even though the 
wave form of the modulation was not symmetrical. 
Under transient conditions, such as arc encountered wdth 
program material where a non-symmctrical waveform 
may be quickly followed by another non-symmetrical 
waveform of opposite polarity, there wtmld be consider¬ 
able spilling over into the ailjacent channels if the cor¬ 
rection were slow, or uinvanted frequencies introduced 
if the correction were fast enough to minimize the 
adjacent channel interference. 

“Figure 7-17c shows the correction based on the area 
enclosed on each side of the assigned frequency. If a 
crystal oscillator is built to operate on the assigned 
center-frequency and mixed with the output of the 
modulated oscillator into a non-linear impedance, a beat 
note will be produced which has an instantaneous fre¬ 
quency equal to the instantaneous excursion of the 
modulated oscillator. The total number of cycles of 
beat note produced while the oscillator is on one side 
of the assigned frequency will be exactly proportional 
to the area enclosed by that part of the curve. It 
follows, therefore, that if the total number of cycles 
produced while the oscillator is on the high side of the 
assigned frequency is equal to the total number of cycles 
produced while the oscillator is low in frequency, then 
the transmitter is operating at the correct point. 

“A new system of frequency control has been devel¬ 
oped which takes advantage of this latter fact. Each 
cycle of beat frequency between the signal frequency 


and the reference frequency is u.sed to generate a pulse, 
'^'he pulses are separated into tw'o circuits, one circuit 
receiving the pulses when the signal frequency is higher 
than the reference fretiuency and the other receiving 
the pube when the reference freciuency is the higher. 
A pulse counting circuit is so arranged that when a 
pulse aiipears on one of these circuits, a definite charge 
is transferred from a point of fixed potential to a storage 
capacitor. When a pulse appears on the other circuit, 
a charge of the same number of coulombs is transferrecl 
from the shirage capacitor to a point of fixed potential. 
Since there is no lileeder resistor across the storage 
capacitor, the charge on the storage capacitor tends to 
remain constant during any period when there arc no 
pulses. The voltage ajipearing across the capacitor, 
which is proportional to the charge stored in it, is used 
as a control on the reactance tube which controls the 
frc(|uency of the master oscillator. 

“Referring to b'igure 7-1 tSa the signal from the modu¬ 
lated oscillator is designated by and the reference 
frequency from the crystal oscillator is /'r. This cry.stal 
fre(|ueiicy is fed through two 45 degree pha.se shift net¬ 
works, each consisting of one resistor and one capacitor 
of approximately the same number of ohms. One of 
these netw’orks shifts the phase forward by 45 degrees 
and the other retards the phase by the same amount. 
Mixer A and mixer H are used to mix these quadrature 
voltages with the signal freciuency. Figure 7-18b 
shows the relative output of the two mixers when the 
frequency of the modulated oscillator is higher than 
that of the crystal. It will be noticed that tlie output 
of mixer B leads the output of mixer A by 90 degrees. 
In Figure 7-18c the signal frequency is lower than the 
reference frequency and consequently the output of 
mixer B lags the output of mixer A. 

“The output of mixer A is used to trigger a direct- 
coupled multivihrator. This multivibrator serves as an 
electronic switch to make square waves from the sine 
wave input. Since the input to the multivibrator is 
much greater than the amount required to trigger it, 
the time at which the multivibrator turns over will be 
approximately the time at which the voltage of the 
output of mixer A passes through zero. At this time, 
the output of mixer B is at either a positive or negative 
peak. Figure 7-19. 

“The voltage on each of the two multivibrator plates 
is differentiated by a series capacitor and shunt resistor. 
The resultant two voltages appear as a series of pulses 
of opposite polarity. Figures 7~20a and 7-20b show 
the result when these pulses are superimposed on the 
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output of mixer B. It will be noticed^ that w'hcn the 
pulses appearing at point D are superimposed on the 
output of mixer B, the pulses subtract from the sine 
wave if the signal frequency is higher than the reference 
frequency, and add to the sine wave if the signal fre¬ 
quency is lower than the reference frequency. In the 
case of the pulses appearing at point K, the pulses add 
to the sine wave if the signal frequency is higher and 
subtract if it is lower. These two signals, appearing at 
F and (i of I'igurc 7-20c are passed through biased 
diodes which are used as pulse discriminators. The 
bias on these diodes is set just above the peak value of 
the output of mixer B. The result is that when the 
pulses add to the sine wave, the bias is overcome and 
the pulse is passed through the diode. When the pulse 
subtracts from the sine wave, the bias prevents the 
diodes from conducting and tlio pulse is not passed. 
This arrangement serves to separate the pulses onto two 
circuits. One circuit is energized hy one jmlse for each 
cycle of beat when the signal frequency is high, and 
the other circuit is energized by one pulse for each cycle 
of beat when the signal frequency is low. 

“I'igure 7-21 shows two pulse counters arranged in 
a balanced circuit to control the charge in the storage 
capacitor Cs. The voltage across the storage capacitor 
is used to actuate a cathode follower which in turn 
controls the bias on the modulator tube. Since the 
modulator tube controls the frequency of the modulated 
oscillator, the frc(iuency is a direct function of the 
charge on the storage capacitor C*. It will be noticed 
that there is no bleeder resistor across this storage 
capacitor, hence the system has no natural frequency 
which the frequency control must overcome, if the 
average frequency of the modulated oscillator is dif¬ 
ferent fr(jm the reference frequency, the charge on the 
.storage capacitor is continually changed in the direction 
to overcome the difference. When the difference has 
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been overcome, the system becomes balanced, and the 
only tendency to pull off is due to stray leakages which 
cause negligible frequency drift. 

“The modulated oscillator is operated on one ninth 
of the assigned fretjuency of the transmitter. It has 
been found that simple tuned circuits in the multiplier 
stages provide adequate selectivity without cutting the 
side bands when the iiKxlulation is applied in this region. 
When frequencies very much lower arc used, special 
band-pass filters must be employed to provide the band¬ 
width and selectivity at the same time. 

“There are a numl>er of advantages offered by this 
circuit. Perhaps the most imi)ortant is the lack of tuned 
circuits and critical components. The frequency control 
unit proper contains no tuned circuits, dividers, or 
locked oscillators. No test instruments are needed to 


place this equipment in operation. Another important 
advantage is that tube characteristics arc not important. 
Since each tube in the circuit is driven from grid cur¬ 
rent to cut-off, merely acting as electronic switches, the 
actual condition of the tubes becomes relatively un¬ 
important. Long before any tube would become in¬ 
operative in the circuit, it would be discarded because 
of routine tube checks.” 
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7-10. Pre-emphasis and De-emphasis —Pre- 
emphasis of the higher audio frequencies of pro¬ 
gram material at the transmitter, and subse(iiu*nt 
de-emphasis at the receiver, is standard practice in 
F-M and television sound systems. Pre-emphasis 
is also frequently employed in sound recording, mo¬ 
tion picture sound systems, and in some A-M sys¬ 
tems (not standard broadcasting). 

Pre-emphasis, as aj)plied to F-M systems, consists 
of increasing the relative amplitude of the higher 
audio fre(iuencies of the program material. This 
is usually accomplished through the use of an 
inductance-resistance network wdiich is connected in 
the plate circuit of one of the audio amplifier stages 
of the transmitter. Such an arrangement may be 
seen in the transmitter of Figure 7-6. De-emphasis 
in the receiver is accomplished by means of a 
resistance-capacitance network in the audio ampli¬ 
fier of the correct values to restore the amplitude- 
frequency characteristics of the program material 
to its original proportions. 

Pre-eni])hasis is feasible due to the fact that the 
high-frequency components of music and speech in¬ 
herently have a relatively low amplitude compared 
to the frequencies in the middle and low range. 
This is illustrated in graph form in Figure 7-23, 
which .shows the intensity, or amplitude, levels of 
orchestral music plotted as a function of frequency. 
It will be noted that the amplitudes decrease with 
increasing frequency. The distribution of ampli¬ 
tude as a function of freciuency in conversational 
speech displays similar characteristics. 

Becau.se of this characteristic of both speech and 
music, which constitutes the greater part of broad¬ 
cast program material, it is possible to accentuate 
the amplitude of the higher audio frequencies to 
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Fig. 7~23. Intensity le\cl of orchestral music plotted as a 
function of frequency. 


some extent without incrcasinj^ the over-all average 
percentage of modulation. In F-M broadcasting 
systems, the resistance-inductance network employed 
in the pre-emphasis network has a time constant of 
75 microseconds. The response-frequency charac¬ 
teristics of the audio amplifier as a result of this 
pre-emphasis network is shown in Figure 7-24. 

Pre-emphasis, with subsequent de-emphasis, re¬ 
sults in a substantial improvement in the signal-to- 
noise ratio of the system. This improved signal-to- 
noise ratio may be explained as follows: Noise 


energy is rather uniformly distributed over a large 
range of the fre(|ucncies cmjiloyed ftir radio com¬ 
munication. This noise is a combined result of 
static, man-made disturbances, and the thermal agi¬ 
tation in the receiver input circuit. As the noise 
is evenly distributed as a function of frequency, the 
amount of noise intercejited by a receiver will be 
directly proportional to the bandwidth passed by the 
receiver. A fundamental requirement for a good 
signal-to-noise ratio is, therefore, that the response 
band of the receiver be no greater than is necessary 
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to pass the clcsiicd sijjnal. Because of the hi|[;li- 
ficlelity re(iuirenients of the F-M broadcast service, 
F-M broadcast receivers should reproduce uni¬ 
formly all frequencies up to 15,000 cycles. Were 
de-emphasis not employed in these receivers, all 
noise in a 15,000-cycle band would be uniformly 
amplified. 

The use of the de-emphasis circuit in the receiver 
decreases the response of the receiver to the higher 
audio frequencies; therefore, it decreases the re¬ 
sponse to the noise that exists in the corresponding 
portion of the band. Hi is reduction of noise takes 
place at the higher audio frequencies where the 
sound of the noise is particularly annoying. 

The response of the receiver to the signal also is 
reduced at the higher audio freciuencies, but inas¬ 
much as the audio components of the transmitted 
signal are pre-emphasi/ed, the de-emiihasis circuit 
restores the audio frecjueiicies to their original 
proportions. The response to a prc-cmphasi/ed 
F-M broadcast signal is therefore uniform to the 
desired 15,000 cycles. 

7-11. Measurement of Deviation —In the cir¬ 
cuit arrangement of Figure 7-7, it is possible to 
measure the frequency deviation on both sides of 
the carrier by making incremental changes in the 
d-c bias of the grid of the modulator tube. A small 
bias battery, by means of which the voltage can be 
increased in steps, should be connected in series 


with resistance 7vL and the cai i lei freciuency meas¬ 
ured precisely each time the gi id voltage is inci eased 
in a positive direction up to the point where a 
stiaight line frequency deviation is no longer ob¬ 
tainable. ^J'his jiroccss .should be followed by ap¬ 
plying negative bias to the grid and the frequency 
deviation again measured, this time in the opposite 
direction. 

From these measurements, the sensitivity of the 
modulator (frequency change per volt input) is 
obtained and the limit of linearity determined. In 
the circuit of Figure 7-7 the condenser C] may be 
used to control the swing. A small value of capaci¬ 
tance permits a larger swing wdiereas a large value 
limits the sensitivity. The L/C ratio of tlie tank 
circuit also influences the deviation, the higher the 
ratio (making L larger compared with C), the 
greater the deviation However, good engineering 
practice reciuires that C be as large as practical to 
minimize frequency drift and hum frequency 
modulation. 

Since the modulator tube is operating as a Class 
A amplifier, a milliammeter in the plate circuit can 
be employed to advantage to determine whether the 
modulation is linear. A change in reading of the 
meter with modulation denotes nonlinearity in the 
modulator and likewise in deviation. 

7-12. Measurements by the ‘‘Bessel Zero” 
Method —If a frequency-modulation monitor is 
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not available, the frequency deviation and audio¬ 
frequency response of a frequency-modulated trans¬ 
mitter may be determined by the “Bessel Zero” 
method. No knowledge of Bessel functions nor 
even frequency-modulation theory is necessary, pro¬ 
vided that the operator understands what is being 
done and proceeds with each step carefully. The 
only equipment required is a low-distortion, variable- 
frequency audio oscillator and a communication re- 



Fin. 7—25. A diagram slinwinj^ lutw the “licssel Zero” 
points may be found. As level of audio input is increased, 
the amplitude of the “center frefiuency” decreases and be¬ 
comes zero when F^/Fn, = 2.405, 5.52, etc. 

ceiver capable of tuning through the required fre¬ 
quency range. The receiver must he equipped with 
a C-W, or beat-frequency, oscillator. A de.scrip- 
tion of the measurement procedure, given by R. J. 
Newman,- follows: 

"IVhat Js Meant by 'Bessel Zero' Points? The ‘Bes¬ 
sel Zero’ method of measurement is based on the fact 
that the amplitude of the center-frequency component of 
the energy emitted from an l^'-M transmitter varies as 
the amplitude or frequency of the audio-modulating sig¬ 

- R. J. Newman, “FM Audio Measurements with an AM 
Receiver,” Broadcast Ncivs, No. 39, August 1944. By 
permission. 


nal is changed. Thus, if the frequency of the modulation 
is held constant and the amplitude varied, the amount 
of energy radiated at the center or ‘carrier’ frequency 
will vary through wide limits. The reason for this vari¬ 
ation is that the modulation energy is distributed, oyer 
the frequency spectrum; diversion of energy to ‘side 
current’ frequencies takes center-frequency power. 
These variations in the center-frequency power can be 
calculated by means of Bessel functions. Ordinarily, 
they are plotted as a curve of amplitude against ‘modu¬ 
lation index,’ as shown in Figure 7-25. In order to use 
this method, it is not necessary for the operator to know 
how to make these calculations, but simply how to use 
the resulting curve. The ‘modulation index,’ which is 
the abscissa on tlie curve of Figure 7-25, is the ratio 
of the frequency swing (usually designated Fd) to the 
modulating freejuency (usually designated Fm). It will 
be noted that ^he amplitude becomes zero at several 
lK)ints The first point at which this occurs (when the 
audio-modulating voltage is increased from zero up) is 
at the point where the ‘modulation index’ equals 2.405. 
if we can identify this point, and if we know the modu¬ 
lating frcquenc>, we can figure out how much ‘frequency 
swing' is occurring, because: 


hence 


Modulation index “ 2.405 — Fd/Fm 
Fd = 2.405 X 


“Ilow 'Bessel Zero* Points Arc Found. The dis¬ 
appearance of the center frequency of the F-M trans¬ 
mitter may be observed with the equipment arranged as 
shown in Figure 7-26. The procedure is as follows: 

“1. Tune the superheterodyne receiver with its C-W 
oscillator operating) near the unmodulated F-M trans¬ 
mitter frequency, obtaining a low-pitched beat note 
(about 500 cycles) in the headphones. It is important 
that the center-frequency beat note heard in the head¬ 
phones not be confused with that of the side frequencies. 
The side frequencies increase in intensity and number 
as the deviation increases. Care in making the adjust¬ 
ments and a little practice will attune the car to the 
proper beat note. A U)w-pass audio filter may be used 
in the receiver if desired. 

“2. Slowly increase the amplitude of the audio- 
modulating voltage; the transmitter frcciucncy deviation 
will increase causing the ‘modulation index to increase. 


TO ANTENNA 



Fig. 7—26. Arrangement of equipment for measurements by the 
“Bessel Zero” method. 
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Note that: 

(a) Increasing the modulating index will cause more 
side frequencies. 

(b) Energy moves into the ‘side current’ frequencies 
and finally the center frequency (audio note in the 
headphones) decreases to zero. 

(c) As the modulation index is increased further by a 
higher modulating level, the carrier (and audio 
note) will reappear. 

**How This Information Is Used. Suppose that it 
is desired to establish the audio level necessary for a 
given percentage of modulation. The following ex¬ 
amples will illustrate how this can be done: 

*Tixamplc 1: 

(a) Assume that it is desired to establish the audio 
level for 40 percent modulation (± 30-kc deviation). 
{b) b'irst it is necessary to find the audio-modulating 
frequency 'Em' which will give 40 percent modula¬ 
tion at the first ‘Bessel Zero.’ This can be obtained 
from the relation 

Em = Erf/2.405 = 30/2.405 = 12.058 kc 

(r) Next the audio oscillator is set at 12,058 cycles and 
the level of the 12,0S8-cycle frequency increased 
until the center-frequency component of the emitted 
r-f energy disappears. At this level the modulation 
is 40 percent. 

Example 2: 

(a) Assume that it is desired to establish the audio level 
for lOO-percent modulation or + 75-kc deviation. 

(h) Jt is first necessary to find the audio frequency Em 
which will give lOO-percent modulation at the first 
Bessel Zero. Using the .same relation as before, it 
is found that: 

Em = 75/2.405 = 31.2 kc or 31,200 cycles 

“This value is impractical since the modulation fre¬ 
quency is too high for the audio system of the trans¬ 
mitter. However, in 1"-M transmitters employing the 
reactance-tube type of frequency modulation, both the 
carrier-frequency deviation and the frequency of the 
carrier itself are directly proportional to the number of 
times the frequency of the modulated oscillator is multi¬ 
plied before reaching the output stage of the transmitter. 
If the transmitting equipment is tuned so as to triple 
the modulated oscillator frequency in the modulator or 
exciter unit, and if this exciter output frequency is again 


tripled in one of the succeeding r-f amplifier stages, the 
carrier frequency will be 3 times 3, or 9 times the 
modulated-oscillator fundamental frequency. The fre¬ 
quency deviation at the oscillator frequency will, there¬ 
fore, be one-ninth of the 75-kc deviation of the carrier 
frequency or i 8.33 kc, and the first ‘Bessel Zero’ will 
occur at a modulating frequency of 8.33 divided by 
2.405 or 3.46 kc. 

“Thus, if the receiver is coupled to the modulated- 
oscillator stage (instead of the output of the trans¬ 
mitter) and the transmitter is modulated with a 3460- 
cycle, sine-wave signal, the heterodyne note will dis¬ 
appear when the deviation of the carrier is +75 kc. 
This provides a method of solving Example 2 above, 
as follows: 

Example 2 (cont'd): 

(r) The receiver is coupled, by means of a small pick-up 
coil, to the modulated-oscillator stage. 

(d) The audio oscillator is set at 3460 cycles and the 
level of the 3400-cycle frequency increased until the 
center-frequency component disappears. At this 
level, the modulation is 100 percent (i.e., deviation 
is ±75 kc). 

Measurements of Audio Response. The above 
method may also be used in making audio response meas¬ 
urements by following the same outline to determine the 
'Bessel Zero’ for each of the several audio frequencies 
chosen for measurement. It can be seen from the rela¬ 
tionship Fa = 2.405 X 9 X h'n, that the carrier deviation 
is directly proportional to the audio frequency. Hence, 
it is possible to determine the audio level required in 
each case for the first ‘Bessel Zero’ and then compare 
both the audio level and the frequency deviation produced 
for each audio frequency hack to a reference point, such 
as the l(X)-percent modulation point. The procedure is 
as follows: 

“1. A table is set up, as shown in the table below, 
listing first the data for the 100-percent modulation con¬ 
dition. This becomes the reference point. 

“2. The audio frequencies to be used are listed in the 
first column, and the levels required for the first ‘Bessel 
Zero’ in the second column. 

“3. The carrier frequency deviation is determined for 
each audio frequency from the formula Pa = 2.405 X n 
X Fm, where n is the number of times the frequency of 
the modulated oscillator is multiplied to produce the 
carrier frequency. 


No. 1 

No. 1 

No. 3 

No. 4 

No. 5 

No 6 

Aud. Mod. Frcq. 

And. Level Req. 
for Ist Bessel Zero 

Fd - 2.40.S X9 X/'m 


Aud. Level (db) — 
(-2..S db) 

Response 

cycles 

db 

kc 

db 

db 


RECEIVER TUNED TO 5 MC 


REF 3460 

- 2.5 

75 

0 

0 

0 

500 

-19 

10.8 

-16.8 

-16.5 

-0.3 

1000 

-13 

21.6 

-10.8 

-10.5 

-0.3 

2000 

- 6.5 

43.2 

- 4.6 

- 4.0 

-0.6 

3000 

- 3 

64.8 

- 1.1 

- 0.5 

-0.6 

5000 

+ 1 

108 

± 3.2 

+ 3.5 

-0.3 


RECEIVER TUNED TO 15 MC (DEV NOW = 3 X 2.4 X AUD. FREQ.) 


5000 

- 8.5 

36 

- 6.3 

- 6.0 

0.3 

7.S00 

- 4.5 

54 

- 2.8 

- 2.0 

-0.8 

10000 

- 1.0 

72 

- 2.0 

+ 1.5 

-0.5 

15000 

+ 2.0 

104 

+ 3.2 

+ 4.5 

-1.3 
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“4. The logarithmic ratio between the deviation of the 
particular audio frequency and that of the reference fre¬ 
quency (75 kc) is computed and set down in column 4. 

“5. A similar calculation is made (column 5) between 
the audio level required for the particular audio fre¬ 
quency and that of the reference (3460 cycles per 
second). 

“6. The actual response in decibels is then the differ¬ 
ence between columns 4 and 5 taking into consideration, 
of course, the proper sign. 

“The carrier freciuency of the transmitter in this ex¬ 
ample is 45 me. It should be noted that for the first six 
frequencies, the receiver was tuned to 5 me. For the 
last four measurements, the formula for column 3 be¬ 
comes Fd = Frn X 2.405 X 3. This is because for these 
measurements it was necessary to tune to one-third of 
the carrier frequency (coupled to the first tripler stage) 
and continue the measurements there, since otherwise 
the deviating fre(|uency would exceed 100 kc and the 
carrier would be o\ ermodulated. The 5000-cycle meas¬ 
urement is repeated for the purpose of checking the 
accuracy of this shift. 

7-13. Frequency-modulation Reception—Recep¬ 
tion of frequency-modulated signals compared to 
the reception of amplitude-modulated signals differs 
chiefly in the method employed in the demodulation 
of the signal. 'J'he conventional A-M vacuum 
tube detector is a voltage-operated device, and de¬ 
modulation of an amplitude modulated carrier by 
such a detector is possible because the carrier am¬ 
plitude varies. The amplitude of a frequency- 
modulated carrier, however, is constant in value and 
demodulation is not possible unless some arrange¬ 
ment is made wlierei)y the freciuency fluctuations 
are converted into voltage variations. A resonant 
LC circuit is capable of performing this function, 
the efficiency of conversion being dependent upon 
the Q of the circuit. It would, therefore, seem that 
any ordinary receiver would be suitable for receiv¬ 
ing frequency-modulated signals, since at least one 
tuned circuit is associated with such a receiver. 
Such is the case, a regular A-M receiver being 
capable of providing some intelligibility from F—M 
tran.smissions. In adjusting an A-M receiver for 
the reception of F-M signals, it is necessary to tune 
a small amount off resonance from the carrier 
center frequency, otherwise the efficiency of con¬ 
version from frequency modulation to amplitude 
modulation is poor. Such a system of reception is, 
of course, rather crude and does not take advantage 
of the noise suppression and high fidelity advan¬ 
tages offered by frequency modulation. 

An F-M receiver incorporates the same essen¬ 
tials as a modern A-M superheterodyne receiver up 
to the second detector tube. Because of the wide 
band of frequencies involved, a wide-band inter¬ 
mediate frequency amplifier is required; moreover, 
other tuned circuits must have adequate bandpass 
capabilities. 

7-13a. Limiters—Instead of working directly 
into a second detector, as does the conventional 
A-M superheterodyne, the intermediate frequency 
amplifier of an F-M receiver works into a limiter. 


which is generally a pentode radio-frequency ampli¬ 
fier with low values of both plate and screen volt- 
age.3. The effect of this tube operating with low 
plate and screen voltages, but normal grid bias volt¬ 
age, is to make it unresponsive to A-M signals, and 
since, under these conditions of operation, it takes 
but little signal to saturate the tube (the point on 
the tube’s characteristic curve where a further in¬ 
crease in grid voltage will not increase the plate 
current), strong signals control the output, and weak 
signals are suppressed. This action can be com¬ 
pared to a type of automatic volume control. Since 
both atmospheric and man-made noise have inherent 
A-M characteristics, they are wiped out by the 
action of the limiter if it is already saturated by 
a .strong F'-M signal. The action of the following 
second detector, as will be seen, also aids in reducing 
the response to signals having amplitude variations. 

The characteristics of a limiter tube can be best 
expl.'.inod by reference to F'igure 7-27 where a 
curve is .shown plotting voltage into the limiter 
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Fig. 7-27. Cliaractcri.stic of limiter tube. 


versus voltage from the limiter. It will be noted 
that a certain value of input voltage is required to 
produce saturation (showm by the dotted line 
labeled S) ; i.e., the output voltage does not increase 
with increased grid excitation from the intermediate 
frequency amplifier. Beyond the excitation voltage 
required for saturation, the output from the limiter 
remains constant until a point (Curve A) is reached 
where greater values of excitation decrease the out¬ 
put voltage. To prevent this in practice, the tube 
is biased by means of voltage derived from the 
output of the IF' amplifier by means of an RC net¬ 
work of such values that the limiter output remains 
substantially contant throughout its normal operat¬ 
ing range as shown by Curve B. 

Limiter circuits have been developed that permit 
saturated operation with very low values of signal 
input, thereby effectively increasing the sensitivity 
of the receiver. 

7-13b. Double Limiters —In some F-M re¬ 
ceivers two limiters are employed in cascade, 
thereby providing an even better signal-to-noise 
ratio. If the incoming signal is too weak to satu¬ 
rate effectively the first limiter, the second limiter 
prevents the passage of any A-M noise voltages the 
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first limiter has permitted to pass. In practice, it 
takes a signal of from 0.5 to 2 volts to saturate a 
limiter. 

7-13c, F-M Detector or Discriminator— The 

detector of F~M signals is quite different in opera¬ 
tion than the conventional A-M detector. In one 
system, a second detector of the “push-pull” type, 
utilizing a dual diode tube, is energized by the out¬ 
put of the limiter through a discriminator circuit as 
shown in Figure 7-28. An analysis of this circuit 
will show that it is similar to the automatic fre¬ 
quency control arrangement used in certain broad¬ 
cast receivers. 



Fig. 7-28. Limiter and discriminator circuits. 


A frequency deviation in a given direction causes 
an increase in the current or voltage output of one, 
while simultaneously causing a decrease in the out¬ 
put of the other diode. Both diodes, however, re¬ 
spond similarly to changes in amplitude of the ap¬ 
plied voltage, 'fbus, with the output circuits of the 
two connected in series opposition, amplitude vari¬ 
ations can act only to increase or decrease the sensi¬ 
tivity of the combination to frequency modulation 
and cannot produce output in the absence of fre¬ 
quency deviations. Because of this action, an in¬ 
crease in noise suppression is accomplished, since 
much of the interference originating from atmos¬ 
pheric disturbances and noise from electrical devices 
is amplitude modulated. This inherent noise sup¬ 
pressing characteristic of the discriminator operates 
on noise voltages that have not already been sup¬ 
pressed by the preceding limiter. 

It will be noted that the diode cathodes of Figure 
7-28 are not connected together, but are tied across 
opposite ends of a high resistance, one end of which 
is grounded. The center-tap of the intermediate 
transformer secondary is connected to the mid-point 
of the diode load resistance through a radio¬ 
frequency choke to provide a direct current path for 
the rectified current. The r-f choke keeps r-f cur¬ 
rents from the audio circuit. The center-tap of the 
transformer secondary is connected to the high side 
of the transformer primary through a coupling 
condenser. Consequently, two paths are provided 
for the radio-frequency currents to the detector cir¬ 
cuit; one by means of capacitive coupling through 
the coupling condenser, and the other by the induc¬ 
tive coupling of the i-f transformer. The voltage 


fed through the coupling condenser is in phase with 
the voltage across the primary of the transformer, 
while the voltage induced by the inductive coupling 
is 180° out of phase with the voltage across the 
primary. Since, at the resonant frequency of the 
transformer, the current in the secondary will be 
in phase with the voltage, the windings present only 
pure resistance; but at frequencies higher and lower 
than resonance the secondary will show inductive 
and capacitive reactance, respectively, and the cur¬ 
rent will lag and lead the voltage. 

The rectified voltage developed across the load 
resistance has the characteristic shown in Figure 
7-29, provided all elements of the discriminator cir¬ 
cuit are symmetrical. It will be observed that at 
resonance no voltage is developed across the load 
resistors, but as the frequency increases above reso¬ 
nance a proportionate negative voltage appears, and 
as the frecjuency decreases below resonance a pro¬ 
portionate positive voltage is developed across the 
load resistors. Thus the audio output amplitude is 
proportional to the frequency deviation. As al¬ 
ready stated, the amplitude of the detected current 
should be directly proportional to the change in fre¬ 
quency of the transmitted wave and, furthermore, 
the characteristics of the discriminator and detector 
network should be linear through the bandpass of 
the i-f amplifier. To secure these requirements in 
practice calls for both good design and careful 
alignment of the discriminator circuit. 

As for the audio portion of the receiver, it is 
essential that it have the necessary audio-fre(iucncy 
characteristics to realize the over-all capabilities of 
an F-M system. 

F-M receivers, in addition to their other technical 
specifications, are rated in deviation ratio, i.e., one- 
half the bandwidth divided by the highest frequency 
of modulation. Receivers designed solely for a 
communication service do not re(|uire the deviation 
ratio of one employed for high fidelity broadcast 
reception. 

7-13d. Alignment of F-M Receiver —It is es¬ 
sential that the circuits of an F-M receiver be cor¬ 
rectly aligned with special attention being given to 
the discriminator circuit. The amount of frequency 
swing is limited by the linear range of the slope 
circuit which converts the frequency modulation 
into amplitude modulation for detection. Figure 
7-29 would reproduce, without distortion, signals 
within a bandwidth of 40 kc each side of the center 
frequency. To insure that the discriminator circuit 
is correctly aligned, as well as to assist with tuning, 
it is customary to equip commercial receivers with 
a tuning meter (a microammetcr acting as a volt¬ 
meter) connected across the load resistors of the 
diode detector circuit. When the di.scriminator cir¬ 
cuit is properly aligned, the pointer on the tuning 
meter will show an equal deflection each side of the 
center frequency. In other words, as the carrier 
is approached from one side of resonance, the 
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pointer of the meter will move from zero to a 
maximum on one side and then pass through zero 
to a maximum in the opposite direction. If the two 
maximums result in equal deflections from zero, it 
indicates that the circuits are properly aligned. 



Fk;. 7-2^, OpcratinK characteristic of 
discriminator circuit. 


When the discriminator is adjusted for linear re¬ 
sponse, tile station is correctly tuned when the 
pointer of the meter reads zero. This corresponds 
to the cross-over point of the operating character¬ 
istic of the discriminator circuit as shown in Figure 
7 - 20 , where zero output voltage corresponds to zero 
deviation of frequency. 

When an A-M test oscillator is used for align¬ 
ment, it is possible to make fairly good adjustments 
of the circuit by ear since when the receiver is 
exactly at resonance (corresponding to the cross- 
ovi*r point) the audio response from the test signal 
will be almost nil, but as the test oscillator is tuned 
to either side of resonance, the audio signal will 
become louder, reaching a maximum at the peaks 
of the detector characteristic. 

7“13e. Ratio Detectors—A new type of F-M 
detector circuit has been developed by RCA known 
as the ratio detector. 1 'his terminology w’as de¬ 
rived from the fact that this detector utilizes the 
ratio of two developed intermediate-frequency volt¬ 
ages whose relative amplitudes are a function of 
frequency, rather than the difference of those poten¬ 
tials as in the case of the discriminator circuit. The 
ratio of these voltages remains constant in the pres¬ 
ence of amplitude variations, whereas the difference 
varies if amplitude modulation voltages appear. It 
is for this reason that it is necessary to use limiters 
ahead of a discriminator circuit, thus endeavoring 
to “level off'* the applied signals before they are 
detected. Limiters have the disadvantage that they 
require large signal amplitude for proper operation 


which, of course, requires high r-f amplification 
with attendant tendency toward regeneration and 
unstability. Moreover, limiters often operate as 
phase modulators, converting peaks of interference 
into frequency variations which are consequently 
reproduced with the program. 

A simplified diagram of one type of ratio detector 
is shown in Figure 7-30. The r-f voltages fed to 
the diodes in the ratio detector are the same as those 
in the standard F-M discriminator previously de¬ 
scribed, and they vary with the frequency swing in 
exactly the same manner. However, in the ratio 
detector, the diodes are connected in series so that 
the d-c (or a-f) voltages which they develop are 
additive, as contrasted with the standard discrimi¬ 
nator circuit in which these voltages are opposed. 
Moreover, the sum of these voltages (Ej + E 2 sls 
shown in Figure 7-30) is prevented from varying 
at audio frequencies by the bypass condenser C 4 . 

Thus it can be seen that, as the sum of the diode 
voltages E] and is held constant, the ratio of 
these voltages varies as the ratio of the input volt¬ 
ages to the diodes. Consefjuently, an audio voltage 
proportional to the frequency swing appears at the 
terminals PB. In this way, the ratio detector pro¬ 
vides an F-M detector equally as good as the stand¬ 
ard discriminator and free from the latter's un¬ 
wanted sensitivity to amplitude modulation whether 
the amplitude modulation be in the transmitted car¬ 
rier or originates from interfering sources such as 
atmospheric noise, automobile ignition, or other 
sources. 



While the diodes of the ratio detector are per¬ 
forming their normal function of detecting fre¬ 
quency modulation, they also produce the correct 
amount of automatic volume control voltage to regu¬ 
late the amplification of preceding tubes. This 
“by-product” of the ratio detector can thus prevent 
overload and “cross-talk,” as well as phase modula¬ 
tion by amplitude interference in the preceding 
tubes and, at the same time, maintain the gain of 
the receiver at the proper value for any incoming 
signal, 

7-13f. Capture Effect —Capture effect occurs in 
F-M reception when the stronger signal of two sta¬ 
tions on the same frequency completely suppresses 
the weaker signal. The capture effect will differ in 
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receivers, depending on sensitivity and limiting ac¬ 
tion and is, of course, dependent upon the relative 
intensities of the two signals of the same frequency. 

7-13g, Common Channel Interference —Co¬ 
channel interference will be experienced in two 
ways. One is the result of two carriers beating 
with each other as in A~M but, since the two car¬ 
riers are under modulation, their frequencies will 
constantly be changing; consequently the beat note 
will vary in pitch and intensity depending upon the 
characteristics of the fretjuency deviation of each 
station. The amplitude of the beat note is propor¬ 
tional at any instant to the frequency difference and 
is at a maximum when the two carriers have equal 
amplitudes. The second source of interference 
arises when the stronger carrier is unmodulated 
and the modulation of the weaker station is heard 
as *‘cross-talk.” 

Tests conducted by engineers of the F.C.C. indi¬ 
cated that when the desired station was unmodu¬ 
lated, the average ratio of desired to undesired 
signal for single limiter receivers is approximately 
5 to 1 for elimination of “cross-talk”; however, 
beat-note interference was still present at this signal 
ratio. The one receiver tested having two limiters 
approached a 2 to 1 value for ^‘cross-talk” 
elimination. 

These tests also showed that a ratio of 10 to 1 
or higher will probably be required to reduce the 
beat-note interference between carriers of the same 
frequency to a tolerable level for co-channel opera¬ 
tion. Furthermore, beat-note interference appears 
to be more or less independent of limiter action. 
Observations show that receivers with one or two 
limiters, and receivers without limiters, are about 
equally susceptible to this type of interference. 

Beat-note interference, it is revealed from these 
tests, depends to a large extent on the accuracy to 
which the receiver is tuned. 

7~13h. Reflections from Aircraft —Interference 
due to signal reflection from airplanes occurs when 
a receiver is located at a point of low field inten¬ 
sity. This type of interference begins as a flutter 
varying in frequency and amplitude as the location 
of the plane changes with respect to the receiving 
position. 

7~14. F-M Frequency and Modulation Moni¬ 
tors —The rules of the Federal Communications 
Commission reciuire F-M broadcasting stations to 
have in operation at the transmitter, an approved 
frequency monitor itidependent of the frequency 
control of the traiivsniittcr. The frequency monitor 
must have a stability and accuracy of at least one- 
half (± 1000 cycles) of the permitted frequency 
deviation of the F-M station. Visual indication 
of the operating frequency must be provided. In 
addition, the rules require that each F-M broadcast 
station shall have in operation at the transmitter an 
approved type of modulation monitor. This moni¬ 


tor may or may not be a part of the frequency 
monitor. 

The general specifications that frequency moni¬ 
tors must meet before receiving type approval of 
the Commission are as follows: 

1. The unit shall have an accuracy of at least +1000 
cycles under ordinary conditions (temperature, humidity, 
power supply variations and other conditions which may 
affect its accuracy) encountered in F-M broadcast sta¬ 
tions throughout the United States, for any channel 
within the F-M broadcast band. 

2. The range of the indicating device shall be at least 
from 2000 cycles below to 2000 cycles above the assigned 
center frequency. 

3. The scale of the indicating device shall be so cali¬ 
brated as to be accurately read within at least 100 
cycles. 

4. Means shall be provided for adjustment of the 
monit{>r indication to agree with an external standard. 

5. The monitor shall be capable of continuous opera¬ 
tion and its circuit shall be such as to permit continuous 
monitoring of the transmitter center frecjuency. 

6. Operation of the monitor shall have no deleterious 
effect on the operation of the transmitter or the signal 
emitted therefrom. 

Other specification.s that the modulation monitor 
shall meet before it will be approved by the Com¬ 
mission are as follows: 

1. A device for setting the transmitter input to the 
modulation monitor. 

2. A modulation peak indicating device that can be set 
at any predetermined value from 50 to 120 percent modu¬ 
lation (+ 75 kc swing is defined as 100-pcrcent modula 
tion) and for either positive or negative swings (i.e., 
cither above or below transmitter center frequency). 

3. An indicator using a meter having the character¬ 
istics and scale of a standard VU meter. A switch shall 
be provided so this meter will read either positive or 
negative swings. The accuracy of reading of percentage 
of modulation shall be within ± 5 percent at any per¬ 
centage t)f modulation up to 100 percent. 

4. The fre(iucncy characteristic shall not depart from 
a straight line more than + ¥2 db from 50 to 15,OCX) 
cycles. Distortion shall be kept to a minimum. 

5. The monitor shall not absorb appreciable power 
from the transmitter. 

6. General design, construction and operation shall be 
in accordance with good engineering practice. 

7-15. General Radio F-M Station Monitor— 

Taking advantage of the option provided in the 
rules of the Federal Communications Commission, 
the General Radio Company has combined the fre¬ 
quency and modulation monitor in a single unit. 
The following description of the General Radio 
1170-A F-M Station Monitor was given by C. A. 
Cady of the General Radio Co. in The General 
Radio Experimenter^'^ 

“When General Radio engineers set out to design the 
type 117()“A F-M Monitor, their aim was to provide, 
for the F-M broadcast band and for television audio 
channels, a monitor that would have the same high qual¬ 
ity of performance and simplicity of operation as the 
monitors for the A-M band that have so long been 
accepted as standard by the industry. 

^ The General Radio Experimentcr^ Vol. XXII, No. 5, 
October 1947. 
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“The problem of designing an instrument of this 
caliber was more difficult than that of designing A-M 
equipment, because of the more stringent requirements 
set by the F.C.C. on distortion, noise, and audio fre¬ 
quency range. The first step was, therefore, to deter¬ 
mine what circuits should be adapted directly from 
standard A-M practice, and the second to determine 
what circuits were new and critical. 



f * 


Fig. 7-31. The General Radio type 1170-A f-in monitor. 

“To generate the standard frequency, the highly stable 
crystal oscillator developed for the A-M frequency 
monitor could be used. Similarly, the modulation indi¬ 
cating circuits could resemble those used in the A-M 
modulation monitor. The requirements for distortion 
and noise measurement, however, as well as for ade¬ 
quate stability of center-freciueney indication, called for 
a discriminator better in both linearity and stability 
than the tuned-circuit type. 

“Tuned-circuit discriminators have been used in earlier 
types of monitors. They are highly sensitive and hence 
considerably simplify the monitor design. However, the 
tuned-circuit discriminator is not particularly satisfactory 
in either linearity or stability. It is basically a non¬ 
linear device. To approximate linearity over a 200-kc 
range, it must oi)erate at an intermediate frequency of 
several megacycles. Slight drifts in circuit component 
values are troublesome so that the center-frequency 
zero must be continually reset by comparison with a 
second crystal. 

“Pulse counters are inherently linear devices, and a 
discriminator employing this type of circuit can be made 
to operate linearly over a wide range with a minimum 
of critical circuit components and adjustments. The 
intermediate frequency can be low enough to achieve 
the stability necessary to eliminate secondary calibration 
adjustments. 

“A characteristic of the counter-type discriminator is 
its low sensitivity, so that it must operate at a high 


signal level to give a high signal-to-noise ratio. This 
need not be a serious limitation, however, for the desired 
result can be achieved quite simply, and the added cir¬ 
cuits^ are notably free of critical adjustments. 

“Consequently, the pulse-counter type of discriminator 
was selected for use in the General Radio monitor. 
Using this discriminator, it is possible to obtain an 
over-all monitoring stability approaching that of the 
crystal oscillator, or a few parts per million. 

“As a result, the original design aim has been com¬ 
pletely achieved. The new monitor gives (1) a con¬ 
tinuous indication of center frequency without the neces¬ 
sity of freejuency calibration checks, (2) an indication 
of percentage modulation (positive, negative, and full- 
wave) and a flashing lamp indication of over-modulation, 

(3) a high-fidelity output for distortion mea.surements— 
less than 0.2 iiercent distortion introduced by monitor, 

(4) a 6()0-ohrrj circuit for audio monitoring. I^'inally, 
the monitor is designed for television audio service as 
well as for K-M broadcasting. 

“The functional arrangement of the monitor is shown 
in Figure 7-32. A harmonic of a crystal oscillator 
beats with the incoming signal to produce an inter¬ 
mediate frequency of 150 kc. This beat passes through 
amplifiers and limiters to a counter-type discriminator. 
The d-c output of the discriminator provides the centcr- 
frcciuency indication, while the a-c output, after suitable 
filtering, operates the modulation indicators and fur¬ 
nishes a signal for distortion and noise measurements, 
as well as for audio monitoring. 

“The monitor is arranged mechanically so that the 
various circuits are segregated through the use of indi¬ 
vidual chassis assemblies. This makes all parts acces¬ 
sible and facilitates maintenance and tube replacements. 

“With one exception, vacuum-tube diodes arc used 
throughout the monitor rather than crystal rectifiers. 
Crystals arc not yet commercially available with charac¬ 
teristics as uniform as those of tubes. In particular, 
crystals exhibit a fluctuation with time in the ratio of 
front-to-back resistance, which precludes their use in 
circuits where long-period stability is desired. 

“The single crystal rectifier used in the monitor oper¬ 
ates the r-f level indicator and the warning circuits, and 
supplies the bias on a control tube, l^or these functions, 
variations in characteristics have little effect. 

^Circuit Details. The crystal oscillator circuit is one 
developed at General Radio specifically for use in fre¬ 
quency monitors. It is highly stable; variations of 4 
percent in the circuit capacitance, for instance, change 
the frequency by less than one part per million. The 
crystal has a temperature coefficient of less than two 
parts per million, and its temperature is maintained at 
60° within ±0.15°. 

The fundamental frequency of the crystal is between 
1.4 and 2.2 me, and is so chosen that one of its harmonics, 
when heterodyned with the transmitter channel fre¬ 
quency, will prcKluce a difference freiiuency of 150 kc. 

“The crystal oscillator is followed by an aperiodic 
buffer amplifier and three multiplier stages. 

“The tuned circuits in the multiplier stages have low 
Q and are operated at a high level to minimize the gen¬ 
eration of F-M noise by phase modulation in the succes¬ 
sive multiplier stages. A figure of 80 db below 100- 
percent modulation was chosen as a design objective for 
residual F-M noise. This is equivalent to a fluctuation 
of 7.5 cycles at the carrier frequency, or 7.5 parts in 
100 million. 

“The 150-kc beat between crystal harmonic and trans¬ 
mitter frequency is produced in a pentagrid converter 
and is amplified by a single output stage. 

“For proper operation of the succeeding circuits, it 
is important that a specified minimum voltage be main¬ 
tained, at the output of the mixer. An indicating meter 
is provided to measure this level. Since the voltage at 
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H-P SECTION 



Fig. 7—.32. Block diagram of the General Radio 1170-A f-m station monitor. 


this point depends on the r-f input, this device is also 
used as an indicator of r-f input level. 

Discriminator and I-F Section. To operate the dis¬ 
criminator it is necessary to generate a square wave of 
constant amplitude. The 150-kc output from the r-f 
section passes through a diode clipper, a voltage ampli¬ 
fier, a second clipper, and finally drives two power tubes 
as limiting amplifiers. 

“The amplitude at the output of this amplifier is suf¬ 
ficient to assure a high signal-to-noise ratio and to 
eliminate all effects of contact potential in the discrimi¬ 
nator diodes. 


“The voltage level is stabilized by regulating the plate 
and .screen supplies of this final output .stage. At this 
point in the circuit, the signal is a square wave of con¬ 
stant amplitude. The wave shape and the amplitude 
must he independent of frequency over a range of 150 
plus and minus 100 kc in order to provide for wide 
modulation swings. 

“A control tul)e cuts off the gain of the amplifier 
tubes until sufficient input voltage lias been reached to 
permit complete saturation of the input clipper stage. 
This prevents erratic indications on the meter with no 
input signal. 


P-F SECTION 


R-F INPUT R-F INPUT 

ATTENUATOR 



ft - 5fe - ^30fe -► EOfe R-F INPUT 
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Fig. 7-33. Schematic diagram of the crystal oscillator and r-f section of the 
General Radio 1170-.^ monitor. 
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Kig. 7-34. The limiting amplifier section of toe General Radio 1170-A monitor. 


“The discriminator is shown in elementary form in 
hignre 7-35. The two diodes arc connected in parallel 
but in opposite sense, so that the condenser is charged 



Fig. 7-3.S. Elementar> schematic diagram of the Gen¬ 
eral Radio discriminator. The input waveform is shown 
at the left, the output v^a\eform at the right. 


through the left-hand diode and discharged through the 
right-hand one. The time constants of the R-C circuits 
are made small compared to the time of one-half cycle 
of the intermediate frequency, so that the condenser is 


charged to the peak value of the s(iuare wave and then 
completely discharged during alternate half cycles. The 
output of the discriminator, which appears across the 
resistor R 2 in scries with the right-hand diode, consists 
of unidirectional pulses of constant shape and amplitude. 

“When the transmitter is unmodulated, the discrimi¬ 
nator output has a d-c component equal to the average 
value of the voltage across Ra and a series of a-c com¬ 
ponents at the pulse repetition freciuency and its har¬ 
monics. The d-c component varies linearily with the 
transmitter fre(|uency and consecjuently can he used to 
actuate the center-frequency indicator. 

“When the transmitter is frequency modulated, the 
pulses are ‘hunched up’ or ‘spread out’ when referred to 
a time base. The d-c component is not affected by the 
modulation except to the degree ])y which the average, 
or center, frequency changes under modulation. 

“Modulation also produces in the discriminator out¬ 
put a component of the modulation fretiuency, which is 


ELEMENTARY SCHEMATIC OF CENTER-FREQUENCY INDICATOR 
B+ 



DISCRIMINATOR CIRCUIT BALANCED VTVM SQUARE-WAVE AMPLITUDE COMPENSATION 

Fig. 7-36. Elementary schematic of the General Radio center-frequency indicator. 
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used to operate the modulation indicators and to feed 
the audio output circuits of the monitor. 

“The d-c component of the discriminator output volt¬ 
age is applied to a vacuum-tuhe voltmeter, with a buck¬ 
ing voltage that is independent of frequency, to operate 
a zero-center meter. A center-frequency shift will 
cause the differential voltage to change in magnitude 
and sign, and the d-c indicating meter will swing in one 
direction or the other by an amount proportional to the 
change in carrier frequency. The bucking voltage is 
derived from the square wave that drives the discrimi¬ 
nator and is proportional only to amplitude. Hence, 
minor variations in s(iuare-wavc amplitude will affect 
the output of both the discriminator and the bucking 
circuit equally. The use of this amplitude stabilizing 
circuit eliminates the need for extreme regulation of 
the plate supply voltages as well as for precise control 
of all factors influencing the square-wave amplitude over 
its complete range of carrier swing. 

'\4udio-()utput System. In order to recover the origi¬ 
nal modulation signal, the high-frequency components 
present in the pulse waveform are removed by means of 
low-pass filters. 

“Since the de-emphasis circuit normally employed in 
the audio-output channels constitutes an li-C fdter with 
low-pass characteristics, this network can advantage¬ 
ously be u.sed to couple the discriminator to the audio 
channels. The high series resistance helps to minimize 
the reactive loading effects of the external circuits upon 
the discriminator, and at the same time reduces the high- 
freciuency components of the original pulse. 

“The resulting de-emphasized signal passes to a 
cathode-coupled aniplifier and thence to one section of 
a low-pass filler. This filter section must pass without 
attenuation all audio frequencies up to 30 kc, the upper 
limit of audio measurements required by the F.C.C. 


The second section of the filter is placed directly in 
the output of an amplifier, whose sole function is to 
drive the external distortion and noise meter. This filter 
section eliminates any remaining r-f components includ¬ 
ing pick-up in the amplifier itself. To insure a mini¬ 
mum of residual distortion, the amplifier is operated at 
a constant low level. The input gain control can be set 
to give a constant output for any value of transmitter 
frequency swing between 6 and 100 kc. 

“A second output, intended for local program monitor¬ 
ing, is obtained from a cathode-coupled amplifier with 
an effective output impedance of 600 ohms, unbalanced. 

**Modulation Metering Seetion. A standard pre- 
emphasis circuit restores the original audio-frequency 
characteristic for modulation measurements. This ap¬ 
parently roundabout method of producing the modulation 
signal by first de-emphasizing and then re-emphasizing 
has one very considerable advantage. As pointed out 
above, the de-emphasis circuit helps materially to elimi¬ 
nate the radio-frequency components of the pulse wave¬ 
form. This reduces by the same degree the shielding 
necessary in the modulation monitoring circuits. The 
standard pre-emphasis circuit restores the audio-frequency 
components to a much greater degree than the r-f 
components. 

“An adjustable gain control is provided in the pre¬ 
amplifier circuit. This gain control permits the monitor 
to be calibrated for 100-percent modulation, with any 
value between the limits of 25 and 75 kc swing. 

“The modulation metering circuits and the over- 
modulation indicator circuit are nearly identical with 
those used in General Radio A-M monitors. The meter 
characteristics meet all F.C.C. specifications. An im¬ 
portant feature of this monitor, however, is the inclusion 
of a peak-to-pcak, or total swing, indication in addition 
to the usual positive and negative peak indications. 
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I'lr,. 7—38. The Western Electric 5A frequency and modulation monitor. The meters provide a continuous indication 
of the transmitter center-fre(|uency error and the level of transmitter modulation. The light in the center flashes when¬ 
ever a selected le\el of modulation is exceeded. High-quality, high-level program monitoring output also permits measure¬ 
ments of transmitter noise and distortion. 


Performance Characteristics 

‘*1. Center-Prcquency Induation. Monitoring practice 
in the standard A-M broadcast band has accustomed the 
transmitting engineer to stable center-frequency indi¬ 
cators. A glance at the monitor gives him a frequency 
indication that can be relied upon without calibration 
checks. 

“Many existing F-M monitois, however, do not have 
this degree of stability. Louse qviently, the zero reading 
must be checked against another crystal standard before 
a ccnlcr-frcqucncy reading is taken. It is customary to 
provide a push button on the iianel for this calibration 
check. Such a procedure is inconvenient and time- 
consuming and is nearly impossible when remote indi¬ 
cators arc used. 

“The type 117Q-A F-M monitor is designed to give 
the same degree of stability as is customary in A-M 
monitors. Its over-all stability is ± 4 parts per million, 
or about 400 cycles. A zero set is provided, which 
checks the electrical zero of the meter, but this need be 
used only once a day. 

“When this check is made, the accuracy of indication 
is bettered by a factor of two and is good to + 2 parts 
per million. 

“A glance at the meter gives the center frequency of 
the transmitter, even on a remote meter, and, in addi¬ 
tion, a recorder can be operated to give a continuous 
record of center frequency. 

“To prevent erroneous on-frequency indications when 
the transmitter signal fails or drops below an adequate 
level, two warnings are provided. The illumination of 
the center-frequency meter drops nearly to zero, and a 
pilot lamp on the panel is extinguished. 


“2. Distortion and Noise Measurements, The F.C.C. 
has required the use of the standard 75 microsecond de- 
emphasis network in the measuring instruments. This 
results in a flat frequency response for the entire system 
between the transmitter audio input and the measuring 
device, and so duplicates the conditions actually obtained 
between studio and home receiver output. Measure¬ 
ments of noise and distortion are, however, referred to 
a given modulation percentage and frequency. The out¬ 
put voltage available for operation of the distortion and 
noise meter is thus reduced at the high audio frequencies, 
and this limits the minimum percentage modulation at 
which distortion measurements can lie made. 

“The very low distortion levels that will normally be 
measured in E"-M transmitters impose rigid requirements 
on all units of the measuring system, and these include 
(1) the test oscillator, (2) the F-M monitor, and (3) 
the distortion meter. For this reason it is highly im^xir- 
tant to keep the residual distortion in any one unit as 
low as possible, since the minimum indicated level may 
equal the sum of all components in the system. Can¬ 
cellation effects may reduce the indicated level below 
this amount, but, by the same token, readings of the 
transmitter distortion may be incorrect, should the level 
be so low as to approach the residual level of the meas¬ 
uring instruments. 

“Considerable effort was devoted toward keeping the 
residual audio distortion in the monitor extremely low 
and a figure of better than 0.2 percent has been achieved. 
When the monitor is used in conjunction with a type 
1301-A low-distortion oscillator and type 1932-A distor¬ 
tion and noise meter, measurements can be made (if 
F-M transmitter audio modulation distortion values in 
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the order of 0.5 percent rms distortion with a reasonable 
degree of accuracy. 

“Noise measurements in F~M systems will ordinarily 
be made at levels below —65 db. The residual noise 
level in both the F-M monitor and the noise meter is 
therefore of considerable importance. The combination 
of the type 1170-A F~M monitor with the type 1932-A 
distortion and noise meter will permit measurements to 
be made at levels of — 75 db with accuracy. 

“In addition to its use in the transmitting station, this 
monitor is suitable for the production testing of F-M 
transmitters. The combination of the type 1301-A low- 
distortion oscillator, type 1932-A distortion and noise 
meter and type 1176-A F-M monitor will permit trans¬ 
mitter type tests to be made as specified in the F.C.C. 
“Standards of Good Engineering Practice Concerning 
F-M Broadcast Stations." Because of the wide range 
of frequencies over which this instrument will operate, 
and the ease of calibration adjustments, the monitor can 
easily be used with television aural transmitters. This 
flexibility of operation permits transmitter design engi¬ 
neers to perform type tests upon F-M transmitters of 
all types with a minimum of equipment." 

7-16. Western Electric 5A Frequency and 
Modulation Monitor —The Western Electric 
frequency and modulation monitor for F-M broad¬ 
cast stations fulfills all the F.C.C. and R.M.A. re¬ 
quirements by a good margin. In addition, the SA 
monitor incorporates many features which extend 
its usefulness. The circuits which contribute to its 
performance are briefly described in the following 
paragraphs. 

The standard reference crystal oscillator in the 
Western Electric 5A monitor provides an accurate 
and low noise level signal at the assigned carrier 
frequency so that the center-frequency meter can 
be calibrated and the entire monitor (including the 
r-f converter) checked for inherent noise level. 

It is of interest to note that all crystals used for 
frequency control, regardless of make or cut, are 
subject to aging. Investigation has proved that 
for all quartz crystals frequency drift with aging 
will amount to several parts per million depending 
upon the length of service time and the character¬ 
istics of the quartz. Considering this aging proc¬ 
ess, with its attendant changes in frequency, and 
variations in ambient temperature of as much as 
i 60° F, it is probable that the standard reference 
crystal o.scillator will be accurate to ± 200 cycles 
for several weeks and that it will maintain ± 500 
cycle accuracy over the above ambient temperature 
range for very long periods without reference to a 
primary frequency standard. Both the standard 
reference and beating oscillator crystals have ex¬ 
tremely low temperature-coefficients, less than one 
part per million per degree centigrade, and are 
temperature controlled. The ovens used for tem¬ 
perature control are of a new type and are con¬ 
structed for fast warm-up and for continuous serv¬ 
ice. These ovens use two heaters and two thermo¬ 
stats. Both heaters operate until the operating 
temperature is reached. At this point one heater 
cuts out and the other maintains the operating tem¬ 
perature. Use of this dual temperature control 


permits accurate frequency measurements to be 
taken within ten minutes after the unit is turned on. 

7-16a. R-F Converter, Beating Oscillator, I-F 
Amplifier —The beating oscillator feeds into the 
r-f converter which mixes the crystal frequency 
with the transmitter frequency to produce a 10.2 
megacycle intermediate frequency. The i-f ampli¬ 
fier is broad band to pass 100-percent modulation 
(±75 kc swing) with less than 0.25 percent audio 
output harmonic distortion, as well as frequency 
swings of ± 100 kc with less than 0.5-percent dis¬ 
tortion. This broad band i-f amplifier further as¬ 
sures that variations of the carrier from its assigned 
center-frequency will not affect the accuracy of the 
center-frequency error and modulation percentage 
measurements. 

7-16b. Limiter Circuits —Two stages of limit¬ 
ing provide better than 15 db limiting of amplitude 
variations, i.e., a 15-db variation in signal input 
will cause less than a 1-db change in the peak volt¬ 
age applied to the modulation converter. Of the 
several limiter circuits, the diode type was chosen 



Fig. 7-39. Simplified schematic of Western Electric 
5A limiter circuit. 


for its many advantages—and a further advantage 
is gained in the limiter circuit by using crystal 
rectifiers in place of vacuum tubes for diodes. 
Crystal rectifiers are superior to vacuum tubes for 
this purpose in that they have long life, no contact 
potential, and do not require a supply of power 
for their operation. 

Two crystal diodes connected back-to-back are 
used in each limiter circuit. They are supplied 
with a fixed bias voltage and all signal voltages are 
clipped to a value equal to the fixed bias voltage. 
Unlike the grid current limiter, this limiter is instan¬ 
taneous in its response to amplitude variations of 
the input signal; this keeps the operation of the i-f 
amplifier tubes in a region below grid current. 

Operation below grid current was found to be 
important because otherwise the operating point and 
gain of the i-f amplifier changes as the average level 
of the input signal varies, because of an average 
change in the rectified bias on the grid of the tube. 
Furthermore, as the i-f amplifier grid bias varies 
with changing signal strength, the tube reflects a 
varying reactance on the tuned circuit of the pre¬ 
ceding stage thus causing de-tuning. Such de¬ 
tuning can cause undesirable harmonic distortion. 
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These undesirable effects do not occur with diode 
limiters. 

7-16c. I-F Bandpass Filter—A bandpass filter 
is provided at the output of the i-f amplifier and 
limiters to remove energy at harmonics of the inter¬ 
mediate frequency and other spurious frequencies. 
The limiter inherently generates harmonic energy at 
these frequencies which, if permitted to pass w’ould 
cause an error in the center-frequency indication. 
The use of the bandpass filter assures that the fre¬ 
quency readings will be direct and influenced only 
by center-frequency variations. 

7--16d. Modulation Converter —The modula¬ 
tion converter is a new circuit for converting fre¬ 
quency modulation into amplitude modulation. It 
provides an audio signal output by detecting the 
amplitude modulation by means of series-connected 
crystal diodes. Here again crystal diodes arc used 
in place of vacuum tubes for the reasons given in 
the discussion of limiter circuits. Low-temperature 
coefficient components and construction stabilize the 
performance characteristics over a wide temperature 
range. 

This circuit has a linear amplitude-frequency re¬ 
sponse over a range of ± kc and is extremely 
sensitive to frequency variations (unit current 
change per kilocycle deviation). This high sensi¬ 
tivity permits operating the center-frequency meter 
directly from the modulation converter. Direct- 
current amplifiers with their inherent instability arc 
therefore unnecessary. 

7“16e. Percentage Modulation and Program 
Monitors —The broad-band, i-f amplifier, diode 
limiters, and modulation converter provide an audio 
signal output which is a faithful reproduction of 
the transmitted signal. 'J'his audio signal is fed into 
three separate audio amplifiers. 

One amplifier provides a program monitoring 
output which is so low in inherent distortion and 
noise that it can be used to check the noise level 
and harmonic distortion of any F-M broadcast 
transmitter. The harmonic distortion is less than 
0.25 percent. The frequency characteristic of the 
amplifier with de-emi)liasis is within ± 0.5 db of 
the standard 75 microsecond de-emphasis curve. 
The noise level is at least 75 db below the audio 
signal resulting from 100-percent modulation. This 
output can be varied in level as desired from off to 
-f 12 dbm for program monitoring. 

A second audio amplifier has a flat frequency re¬ 
sponse of ±0.5 db, 30-15,000 cycles. A peak volt¬ 
meter, calibrated to show percent modulation, is con¬ 
nected to the amplifier output. The meter scale is 
calibrated to show important percentage markings. 
It has damping and response characteristics in ac¬ 
cordance with F.C.C. and R.M.A. standards for this 
service. The scale is indirectly illuminated and 
color-corrected to minimize eye strain. Connec¬ 
tions are available to provide simultaneous meter 
readings at a remote point. 


A third amplifier, similar in characteristics to the 
second amplifier, operates a thyratron tube and relay 
which energizes a low voltage filament type lamp. 
The relay permits the extension of the low voltage 
lamp circuit to provide peak indicating lamps at any 
desired remote locations. The relay is fast, posi¬ 
tive, and quiet in operation. The gain of this am¬ 
plifier is adjustable by means of a calibrated gain 
control so that the lamp or lamps will flash at any 
selected level of transmitter modulation (40-140 
percent). 

7-16f. Amplitude Modulation Detector —This 
circuit, an added feature in the 5A monitor, pro¬ 
vides an output which may be read directly on an 
electronic voltmeter or noise meter. The readings 
obtained are the A-M noise with reference to 1(X) 
percent amplitude modulation in accordance with the 
F.C.C. requirements. 

7-16g. Operation— All controls for the normal 
operation of the monitor hiive beeti located on the 
from panel. Controls which are used during rou¬ 
tine maintenance are located on the chassis and are 
easily reached from the rear of the unit. 

The meter on the left is used to indicate center- 
frequency errors and the meter on the right is itsed 
to show modulation percentages. I'he modulation 
meter is also used as a current meter for adjusting 
the r-f input level. The lamp located between the 
meters indicates modulation peaks of either positive 
or negative polarity. 

The AUDIO oi^TPiTT control is used to adjust the 
audio signal level for program monitoring. 

The CENTER KKEUUENCY Control selects cither the 
transmitter r-f output or the standard reference 
crystal output. A third position on this switch per¬ 
mits a check of the r-f input level. 

Center fre(juency adjust control is used to cali¬ 
brate the center-fretjuency error meter with the 
standard reference crystal oscillator. 

Modulation i>olarity control switches the peak 
indicator flasher and the modulation percentage 
meter for indication of either positive or negative 
peaks. 

Modulation peaks control selects the modulation 
level at which the lamp flashes. 

7-16h. General Specifications —The 5A moni¬ 
tor is designed for continuous operation. Normally 
one watt of r-f power is required; however, power 
input can vary from Vio to 3 watts, i.e., a 10 to 1 
variation without affecting any of the monitor 
functions or meter readings. Facilities are built 
into the monitor for indicating and adjusting the 
r-f input. The monitor occupies IOV 2 19 inches 
of space on a standard relay rack. The 20C recti¬ 
fier occupies 7 by 19 inches of space on a standard 
relay rack. The rectifier may be located remotely 
if desired. The 20C rectifier is designed for con¬ 
tinuous operation from 105-125 volts a-c, 60 cycles. 
Supply is electronically regulated and output ripple 
voltage of d-c supply is less than one millivolt. 
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Kig. 7—40. Block schematic of the Western Electric 5A f-m monitor. 


1. Ccntcr-Frcqucncy Monitor — 

Accuracy : Better than ± 200 cycles. Supplied 
with a standard reference crystal oscillator which 
produces a sijrnal at the station’s assigned fre¬ 
quency. 

Frequency Range: Any specified frequency from 
88 to 108 me. 

Meter Range : Plus and minus 3000 cycles. Center- 
Frequency errors greater than 3000 cycles will 
show off-scale readings in the correct direction. 

2. Modulation Percentage Monitor — 

Accuracy : Better than 5% for all readings. 
Modulation Range Capability: Up to 3 db above 

100 percent (approx. 140 percent) for cither 
negative or positive peaks. 

Meter Range: Scale is calibrated to show impor¬ 
tant percentage markings, including 1(X) percent 
(±75 kc swing) and 133 percent (±100 kc 
.swing). 

3. Modulation Peak Indicator —A lamp mounted 
on the front panel gives a visual alarm when a 
selected percentage of modulation is exceeded. Ex¬ 
tension lamps may be added as desired for remote 
control. The point at which the lamp flashes is con¬ 
tinuously adjustable, by means of a calibrated front 
panel control, between 40 and 140 i)ercent modula¬ 
tion. A front panel control permits selection of 
percentage modulation readings and peak indicator 
alarm indications on either positive or negative 
peaks. 

4. Program Monitoring Circuit — 

Frequency Response: ±0.25 db, 30 to 30,000 cps 

without de-emphasis. Over-all frecjuency re¬ 
sponse with de-emphasis is within ± 0.5 db of the 
standard 75 micro.second de-emphasis curve. 
Audio Output Power: Output level up to ±12 
dbm can be selected by means of a front panel 
control. The high level output permits direct 


switching of the program monitor amplifier from 
transmitter input to 5A monitor output without 
the use of intermediate amplifiers. 

Harmonic Distortion : Inherent distortion less 
than one quarter of one percent for all modula¬ 
tion frequencies 30 to 15,000 cps. (Includes all 
harmonics to 30,000 cycles.) 

Output Noise: Inherent noise and hum output of 
the monitor is at least 75 db below the audio 
output level resulting from 100 percent modula¬ 
tion (±75 kc swing). 

Output Impedance: Designed for operation into 
equipment having a source im})cdance of 600 
ohms or higher. 

7-17. Federal Frequency-modulation Broadcast 
Monitoring Equipment — 

“The Federal Communications Commission requires 
that each broadcast station in this country have a suitable 
l)roadcast monitor for monitoring fretiucncy and the 
various characteristics of the station’s modulation. A 
monitor has two main functions. First, it is required 
to monitor the transmitter’s frequency. The F.C.C. 
specifiies tliat this be done to an accuracy of 1000 
cycles. Second, it is required to monitor the percentage 
of modulation on the broadcast transmitter and to indi¬ 
cate by some means when overniodulation occurs. The 
required accuracy of these two measurements is ± 5 
percent. Further, although it is not explicitly stated, 
the monitor should be capable of measuring the noise 
and the distortion of the transmitting station. The 
transmitter is required to have a noise level of at least 
65 db below 100-percent modulation and a distortion 
of less than 1 percent. In order that the.se be measured, 
the inherent noise level specified by the F.C.C. for the 
monitor is 75 db below 100-percent modulation and the 
inherent distortion 0.25 percent. Some of the other 
requirements of an F-M broadcast monitor are that the 
audio amplitude characteristic must follow a standard 
de-emphasis curve of 75 microseconds to within 0.5 db. 
Several output levels are required, a high impedance 
output for noise and distortion measurements and a 

^ Prepared by M. Silver, Federal Telecommunication 
Laboratories, Inc, This paper was presented March 3, 
1947, at the National Convention of the Institute of Radio 
Engineers in New York, N. Y. 
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600/150 ohm output for aural monitoring. Both meters 
and over-modulation indication should have provision 
for remote operation. The calibration of the monitor 
must be self-contained. 

“The heart of any F-M monitor equipment, whether 
its purpose be for modulation monitoring or frequency 
monitoring, is the discriminator circuit. It was decided 
to treat the problem of modulation monitoring and fre¬ 
quency monitoring separately so that the most suitable 
discriminator for each application could be used. It 
was thought that the higher in frequency the discrimi¬ 
nator was operated, the greater its effective band¬ 
width and the more suitable it would be for modulation 
monitoring. This meant that we would be obliged to 
use a tuned discriminator. Further, we could operate 
such a discriminator directly at carrier frequency. This 
would eliminate mixing circuits and allow us to take 
advantage of the maximum bandwidth consistent with 
simplicity. Several circuits can be used for such a 
discriminator. 

“A conventional Foster-Seeley discriminator. Figure 
7-41, might be used, but the circuit is somewhat difficult 
to operate at frequencies as high as 100 me. We finally 
chose the simple off-resonance discriminator. Two ver¬ 
sions of this discriminator were developed, a simple 
inductance-capacitance discriminator and a second ver¬ 
sion which consisted of two such discriminators operat¬ 
ing back to back to take advantage of the cancellation of 
amplitude modulation thus made possible. Both these 
arrangements work very well and we were able to meas¬ 
ure noise and distortion of very low orders of magnitude. 
The inherent noise level measured in this discriminator 
was in the order of —80 dh and the inherent distortion 
in the order of 0.1 percent. This required a (} in the 
order of 20. This circuit would not be satisfactory for 
frequency measurements as the sensitivity and direct 
current stability of the circuit at 100 me is poor. It was 
reasoned that the most sensitive circuit possible should 


be used which dictated a low frequency discriminator. 
This brought up the possibility of using resistance- 
capacitance discriminators. The circuit chosen was a 
simple integrating counter. The details of operation of 
this circuit will be described later. The counter operated 
at 150 kc. It is necessary to have a linear discriminator 
for frequency measurements as the modulation must be 
integrated and the integration process should not add an 
appreciable d-c component. This component would ap¬ 
pear as an error in frequency measurement during pe¬ 
riods of modulation. The counter developed was capable 
of measuring frequency to an accuracy of 100 cycles, 
assuming proper calibration of the instrument, under 
conditions of 100-ix?rccnt modulation. In view of the 
linearity requirement of the counter circuit for frequency 
monitoring, the question of whether the same discrimi¬ 
nator could be used for both frequency and modulation 
monitoring was raised. The linearity of the counter 
discriminator was far in excess of that required for 
modulation monitoring and the only significant prolilem 
was that of separating the 150-kc keying rate from the 
15-kc audio-modulating frequency. Experiments were 
made to determine the feasiliility of filtering the 150 kc 
and a suitable filter with attenuation of 80 dh at 60 kc 
was devised. Before we proceed, we should consider in 
some detail the operation of the counter discriminator 
as finally adopted in the monitor design. 

“A square wave is applied to the counter grid circuit, 
Figure 7-42. This square wave is derived from a series 
of cascade clippers and limiters. At the time that the 
negative peak of the grid cycle is reached, the counter 
tube is completely cut off and the plate voltage raised 
to a maximum. The condenser is charged through the 
diode to the peak value of this voltage. During the 
half cycle this condenser is charged completely. During 
the second half cycle the grid is made positive and the 
tube conductive, and the condenser is then discharged 
through the second diode and counter tube. The aver- 
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age value of the current flowing through the meter 
circuit is a measure of the rate of charge of the con¬ 
denser and, therefore, a measure of the frequency. In 
addition, the voltage across the resistor is a measure of 
frequency and is proportional to the modulation. There¬ 
fore, the same discriminator can be used for indicating 
frequency as well as modulation. 





“Two adjustments are provided on the counter, an 
adjustment for the quiescent balance of the frequency 
meter and an adjustment of the sensitivity of the counter. 
The zero potentiometer furnishes a variable bucking 
voltage applied across the meter M. This adjustment 
is used for the initial balance of the counter. The charge 
condenser is made variable to provide an adjustment 
in sensitivity. The amount of current flowing through 
the meter M is proportional to the capacity of the 
charged condenser, and therefore, making that condenser 
a variable will provide a suitable sensitivity adjustment. 

“Now that we have considered some of the requisites 
of an F-M monitor and the basic circuits chosen, let us 
look at the block diagram of the complete monitor. 

“Basically, the system consists of the cascade limiters 
previously mentioned, the counter discriminator, the 


filter network, calibrating circuits, and modulation indi¬ 
cating devices, Figure 7-43. The svstem operates as 
follows: a portion of the transmitter's output is mixed 
with a crystal multiplier output to produce a difference 
frequency of 150 kc. The crystal oscillator used in this 
circuit is of the temperature stabilized type and is the 
standard reference oscillator for frequency measurements. 
This oscillator is calibrated against broadcast station 
WWV, with the aid of a secondary standard. The 
150-kc output of the mixer is applied through a series 
of cascade limiter circuits which square and limit the 
voltage applied to the counter grid. The counter output 
is applied to a low pass filter circuit and the output of 
the low pass filter feeds an audio amplifier through a 
suitable de-emphasis circuit. The audio amplifier has 
two output terminals, the 600/150-ohm balanced output 
and a high-impedance output for application to noise 
and distortion analyzer. Just ahead of the de-emphasis 
circuit but after the filter, audio voltage is applied 
through a phase splitter for polarity selection to a vac¬ 
uum tube voltmeter circuit for percentage modulation 
measurements and a thyratron flasher circuit for over- 
modulation indication. In order to calibrate the dis¬ 
criminator, two crystal oscillators arc provided: one 
operating at 150 kc and the second at 147 kc. These two 
oscillators are used to calibrate the center of the i-f band 
and the sensitivity of the counter circuit. 

“Considering some of the details of the circuits in¬ 
volved, we might first discuss the limiter. This circuit 
is entirely conventional in all respects, but we might 
mention that limiters present a problem if all the circuits 
are of the plate limiting type, because the limiter is then 
effectively a high gain amplifier and may be subject to 
oscillation. To avoid too high a gain in the limiter, a 
clipper circuit was used in the first stage followed by 
a conventional plate-limited second stage. 

“Figure 7-44 is a schematic presentation of the limiter 
circuits. 

“The modulation monitoring portion of the system 
consists of a vacuum tube voltmeter circuit and an 
over modulation indicator. 

“Figure 7-45 is a schematic diagram of the modula¬ 
tion indicator circuit. The output of a rectifier circuit 
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is applied to the grid of a cathode-connected amplifier 
which serves as a branch of a bridge circuit. A quies¬ 
cent balance is obtained by adjusting the zero resistor. 
Under conditions of modulation, the balance is disturbed 
and current flows through the meter circuit. This cur¬ 
rent is proportional to the amplitude of modulation. 

“The Figure 7-45 rectifier circuit is used to actuate the 
thyratron flasher circuits. Alternatii*g-current voltage 
is applied to the plate circuit of the thyratron tube so 
that it is extinguished, at a 60-cycle rate. The charac¬ 
teristics of the rectifier circuit are such that the charge 





Fig. 7-45. Percent modulation meter and flasher. 

time is much less than the discharge time so that the 
peak indication will remain for an appreciable period 
after the modulation peak has passed. When the voltage 
on the grid of the thyratron exceeds a gate value deter¬ 
mined by the adjustments of the potentipmeters, the 
thyratron tube becomes conductive causing a lamp con¬ 
nected in the plate circuit to glow. 

“In order to calibrate the modulation indicating cir¬ 
cuits, a 60-cycIe signal is applied to the input of the 
rectifier circuit. The amplitude of this a-c voltage is 
calibrated at the factory and corresponds to 100-percent 
modulation. Provisions are made for metering the am¬ 
plitude of this voltage in the field. 


“Measuring the characteristics of the monitor presents 
somewhat of a problem. Since the monitor is essen¬ 
tially a piece of measuring eiiuipment to measure the 
performance of the F-M transmitter, it would be difficult 
to build a monitor suitable for monitoring the monitor. 
We chose, rather than to build a super monitor, to 
measure the characteristics of the monitor by indirect 
means. The most diflicult characteristics to determine 
are those of the inherent noise and distortion. Suitable 
.standards are available to measure the accuracy of the 
frequency calibration, therefore, we will not discuss that 
problem. Let us first consider the problem of measuring 
the inherent noise of the monitor. With the output of 
the monitor connected to a suitable noise and distortion 
analyzer, we applied to the monitor input, a signal fre¬ 
quency modulated at a 400-cycle rate with a deviation of 
i 75 kc. In this case wc used an F-M broadcast trans¬ 
mitter as a signal source. By this means we determined 
a reference level on the noise and distortion analyzer. 
Wc can now substitute for the signal source, a crystal 
oscillator whose plate supply and filament supply are 
d-c operated. We can then measure the residual noise 
of the monitor. Fortunately, such a circuit exists within 
the monitor and we have to merely connect the 150-kc 
calibration oscillator in place of the transmitter. The 
noise level measured in this manner is 80 db below that 
of the reference level, which is better than that required 
by specification. Determining the inherent distortion is 
somewhat more complex. We first determine the dis¬ 
tortion inherent in the counter circuit and then the 
distortion inherent in the audio amplifier circuits. The 
counter distortion was determined by means of a static 
plot of frequency versus d-c output voltage of the 
counter, with the aid of an accurate potentiometer. 
Voltages were determined to four places and the distor¬ 
tion in the counter when measured by this means was 
in the order of .02 percent. The distortion inherent in 
the audio amplifier was measured by the use of a noise 
and distortion analyzer and an audio oscillator whose 
distortion is 0.1 percent. A distortion of .2 percent was 
measured at SO cycles, the frequency at which distortion 
was maximum. Since the distortion of the discriminator 
is so much lower than that of the audio amplifier, the 
inherent distortion of the monitor was determined as .2 
percent. This is below the required value. 

“Summing up the characteristics of the monitor, in¬ 
herent noise is 80 db below a reference of 100-percent 
modulation. The inherent distortion .2 per cent; the 
error in frequency indication under conditions of 100- 
percent modulation, ± 100 cycles, assuming proper cali¬ 
bration of the reference crystal oscillator; the error in 
modulation percentage and overmodulation indication is 
± 5 percent. 
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“In conclusion, we might mention that a plate power 
supply with a ripple level of less than two millivolts was 
required. A hard tube regulator circuit with additional 
feedback was used. It was also necessary to operate the 
filament circuits with direct current to reduce the noise 
level to the low values measured. The d-c filament 
supply is obtained by means of selenium rectifiers. The 
complete equipment, including the power supply, is con¬ 
tained in two chassis. Figure 7-46 is a front panel view 
of the F-M broadcast monitor.” 

7-18. General Electric F~M Station Monitor— 

There is given below a description of the General 
Electric BM-l-A F-M station monitor based on a 
paper delivered at the Broadcast Engineering Con¬ 
ference by H. R. Summerhayes, Jr. The text of 
Mr. Summerhayes* paper has been modified slightly 
to adapt it to the text of this volume. 

“I'-M broadcast stations are required by the Federal 
Communications Commission to have in operation ap¬ 
proved monitors for indicating fre^ency, percentage 
modulation, and modulation peaks. The General Elec¬ 
tric Company originated the idea of a station monitor in 
which these functions were combined, and developed 
such an instrument in 1940 wherein four important 
characteristics of a frequency-modulated broadcast signal 
were continuously monitored. The instrument measured 
and continuously indicated the mean frequency and the 


percentage modulation of the radiated signal. It also 
provided a modulation peak indicator with a warning 
flasher to show when modulation peaks exceeded some 
preset value, and it provided an audio output for use 
with an external amplifier for aural monitoring of the 
program. 

“When the frequency allocation for F-M broadcast 
stations was raised from the 42-50 me band to the 
88-108 me band, it became necessary to provide an in¬ 
strument to accommodate the new frequency range. 
The performance of the new instrument was also ex¬ 
tended to meet the extremely low distortion and noise 
level required for making the transmitter proof of per¬ 
formance tests specified by the Federal Communications 
Commission. In addition, a balanced audio output was 
desired, as was also a means for indicating the radio¬ 
frequency input level to the monitor. 

Development Problems. Since the original instru¬ 
ment performed the basic monitoring functions simply 
and satisfactorily, there were obvious advantages in using 
the same general circuit in the new one. The old circuit 
was essentially a superheterodyne receiver with addi¬ 
tional measuring and indicator circuits. The local oscil¬ 
lator signal was derived from a crystal controlled oscil¬ 
lator with appropriate frequency multiplier stages. 
Some limiting action was achieved by introducing the 
transmitter signal into the mixer at a saturation level. 
There was a single, very broad-band i-f transformer at 
5.4 me in the mixer plate circuit. The discriminator 
amplifier was operated Class A to avoid the spurious 
center-frequency change encountered when limiting is 



Fig. 7-46. Federal f-m broadcast monitor. 
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Fid. 7-47. General Electric model BM-l-A f-ui station monitor. 


used at the discriminator amplifier grid. The discrimi¬ 
nator itself was a modification of the commonly used 
double-tuned circuit with two diodes, each one connected 
to rectify the sum of the primary voltage and one-half 
the secondary voltage. However, the structure of the 
more conventional discriminator was modified in such a 
way as to facilitate monitoring the frequency directly 
without d-c amplification.® Other features such as a 
specially wound inductance coil and a crystal-controlled 
calibration oscillator were included to meet the stringent 
requirement on discriminator accuracy. 

“When the present instrument was developed, each of 
the new requirements was considered to see whether or 
not it could be met by improvements on the original 
design. The increase in operating frequency to 8&-108 
me called for redesign of the frequency multiplier and 
mixer sections with miniature tubes indicated for the 
high-frequency stages. This requirement, as well as 
others including measurement of r-f level and change in 
the audio system, could still be met by the basic design 
of the original instrument. 

**Noise Level and Harmonic Distortion. The most 
difficult requirement was the one on audio distortion 
and noise level. As is usual in a measuring device, the 
performance must be considerably better than the devices 
it is used to measure. It is desired to be able to indi¬ 
cate transmitter noise as low as 70 db below 100-percent 

U. S. Patent No. 2,309,481. 


modulation and transmitter harmonic distortion less than 
0.5 percent. These considerations led to specifying an 
inherent noise level for the monitor not to exceed — 75 
db and a total harmonic distortion not to exceed 0.25 
percent. 

“The noise specification can be met with the tuned 
discriminator as far as audio noise due to power supply 
ripple is concerned. It is more difficult to keep to a 
low level the spurious beat notes arising from harmonics 
of the crystal-controlled oscillator mixing with the inter¬ 
mediate frequency or its harmonics. For ordinary noise 
considerations, it is sufficient to avoid the more obvious 
combinations of frequency, but, in this case, where the 
noise level should be below — 75 db, it was found that 
beat notes arising from such combinations as the fourth 
harmonic of the crystal-control led oscillator frequency 
and the third harmonic of the intermediate frequency 
gave interference trouble. These difficulties are inherent 
in a superheterodyne circuit using a crystal-controlled 
oscillator and a frequency multiplier and can only be 
obviated by careful choice of oscillator frequency and 
multiplication factor. 

“The specification of 0.25 percent on allowable total 
harmonic distortion includes distortion due to non¬ 
linearity of the discriminator detection characteristic as 
well as distortion produced in the audio*amplifier. It 
was decided that 0.15 percent for the discriminator and 
0.1 percent for the audio amplifier would be satisfactory. 



222 


RADIO MANUAL 



There was considerable discussion as to whether a tuned 
discriminator could meet 0.15-perccnt distortion or 
whether it would be necessary to change to a counter 
type discriminator. 

“Accordingly, a very broad-band tuned discriminator 
was constructed with provision for making precision 
point-by-point measurements of its characteristics. Fre¬ 
quency was measured with an accuracy of 0.01 percent 
by comparison with harmonics of a crystal-controlled 
frequency standard. The d-c output voltage was meas¬ 
ured by comparison with a stable voltage source using 
a precision divider. The frequency and the comparison 
voltage were changed in equal increments, and the dif¬ 
ference between the actual output voltage and the com¬ 
parison voltage was measured. The resultant data are 
the deviations from the desired linear relation between 
frequency and output voltage. These data are plotted 
in Figure 7-48 with the ordinate scale showing the devi¬ 
ations from linearity expressed as a percentage of the 
total voltage change for a 150 kilocycle change in fre¬ 
quency. It is seen that the maximum deviation over a 
ISO-kc bandwidth is approximately 0.1 percent for the 
properly tuned primary and approximately 0.15 percent 
for the case of 1-uuf change in tuning from the optimum. 
It is reasonable to presume that the percentage of total 
harmonic distortion generated by such a detection char¬ 
acteristic cannot exceed the maximum percentage devi¬ 
ation from linearity of the characteristic. 

“This investigation proved that the tuned discriminator 
is capable of providing linear frequency-modulation de¬ 
tection with a distortion in the order of 0.15 percent, 
and that the amount of detuning likely to be encountered 
with the change in capacitance due to changing tubes 
produces negligible effect on distortion. 


**Tcst Equipment. Having made the decision to use 
the tuned discriminator in the new monitor and the 
same basic circuit as in the original instrument, it then 
became necessary to design test equipment to prove the 
performance under actual modulation. Such test equip¬ 
ment is also required during production testing where it 
would be practically out of the question to use the 
precision point-by-point method for aligning each 
discriminator. 

“When the specifications for the test equipment are 
considered, the problem becomes more difficult. The 
monitor is called upon to meet a distortion factor of 
0.25 percent. Therefore, the test equipment, which in¬ 
cludes a precision frequency-modulation generator, must 
in itself generate a frequency-modulated wave having in 
the order of 0.1-percent harmonic distortion. This toler¬ 
ance, in turn, is divided internally in the generator be¬ 
tween the audio oscillator and the modulator so that 
each should have less than 0.1-percent distortion. Then, 
of course, a test discriminator is needed to prove the 
performance of the generator and such a discriminator 
in its turn should have much less than 0.1-percent dis¬ 
tortion to be of much use in testing the generator. 

“As a practical solution to these difficulties, it was 
decided to build a precision F-M generator and a test 
discriminator having a different principle of operation 
from the one in the monitor, but not necessarily lower 
distortion because that would be too difficult to attain. 
Then, in making measurements, the signal generator is 
lined up as well as may be with the test discriminator. 
The generator signal is then applied to the monitor under 
test and the monitor is lined up for minimum distortion. 
If this is excessive, then the generator and the test dis¬ 
criminator and, if necessary, the monitor, too, are re- 
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adjusted until both discriminators simultaneously show 
distortion less than the prescribed amount. The simul¬ 
taneous use of two discriminators of different type makes 
it almost a certainty that there is no appreciable cancel¬ 
lation of distortion taking place between the monitor and 
the generator because of detection characteristics which 
are equally curved but in opposite directions. 

“The signal generator employs a reactance tube modu¬ 
lator with considerable negative feedback to help mini¬ 
mize the distortion. 

^‘Limiting. Since the discriminator used in the moni¬ 
tor is sensitive to amplitude variations as well as to 
frequency variations, it is essential to use limiting. 
Otherwise, any slight variation from a flat i-f response 
produces amplitude modulation which, in turn, jiroduces 
additional discriminator output. In general, the addi¬ 
tional output resulting from the amplitude modulation 
causes considerable distortion unless the circuit produc¬ 
ing the amplitude modulation happens to have a V- 
shaped deviation from a flat response. Furthermore, 
limiting is necessary to reduce the allowable minus 50-db 



Fig. 7-49. Block diagram of General Electric 
BM-l-A f-ni station monitor. 


level of amplitude-modulation noise on the transmitted 
wave. Perhaps the simplest method of limiting is the 
use of a saturation level of signal at the grid of the 
discriminator amplifier. This results in a discriminator 
level which is very nearly independent of input level 
over a wide range. 

“Limiting in itself introduces another problem, how¬ 
ever, when precision measurements of center frequency 
are required. It is found that a spurious change in the 
center-frequency indication may be obtained as the level 
at the limiter grid is changed even though the level at 
the discriminator and the frequency of the applied signal 
stay constant. This change in indication is obtained 
from the response of the discriminator to the second and 
even to the third harmonic of the intermediate frequency. 
This response, although small, is sufficient to give ob¬ 
servable changes in the center-frequency indication as 


the required accuracy limitation is increased and it was 
felt desirable to eliminate this effect. During the condi¬ 
tions of limiting, considerable harmonic plate currents 
are generated and their amount increases with the 
amount of limiting. 

“Fortunately, the change is nearly proportional to grid 
level. This proportionality allows the effect to be com¬ 
pensated for by introducing into the discriminator a 
compensating current which is also proixirtional to grid 
level but is of opposing phase. Such a current is easily 
derived from the rectified grid bias. Proper adjustment 
of the compensating resistor, which is not particularly 
critical, causes the two currents flowing through the 
frequency indication instrument, one due to harmonic 
response and the other derived from grid bias, to cancel 
each other over a grid voltage range of approximately 
25 percent. 

“This is a sufficient range for this application, particu¬ 
larly since the signal level from the transmitter must be 
maintained practically constant and additional limiting is 
also proxiiled at the mixer where the transmitter signal 
is introduccrl at a saturation level. Thus, the variations 
in intermediate fretjuency signal level due to variations 
in input level are greatly reduced. 

^^Description of F-M Broadcast Station Monitor, A 
block diagram of the monitor circuit is shown in Figure 
7—49. The structure of the circuit is much like that of 
the earlier F-M station monitor developed by the Gen¬ 
eral Electric Company, including crystal-controlled os¬ 
cillator, frequency multipliers, mixer, discriminator am¬ 
plifier, audio amplifier, modulation amplifier, over¬ 
modulation flasher and indicating instruments. The po¬ 
sition of the new compensating circuit is indicated on 
the block diagram. 

“In general, the setting of the r-f input level will be 
an installation adjustment and, once t he c oupling loop at 
the transmitter is set to give the correct indication of 
input level at the monitor, it need not be readjusted. 
The monitor will operate satisfactorily over approxi¬ 
mately a 2: 1 input power range.” 

General Specifications— 

Power Supply: 105 to 125 volts, single-phase, 50/60 
cycles with commercial stability. Power consumption— 
approximately 170 watts. 

R~i Ramje: 88 to 108 me. 

R-f Input Le7>cl: Approximately 1.0 watt into 50 ohms. 

Frequency /Iccuracy: ± 1000 cycles. + 500 cycles 
after adjustment to external standard. 

Fidelity Monitor: 600 ohms balanced; low frequency 
level approximately 2 volts rms at 100% modulation; 
frequency characteristics within ± 0.5 & of standard 
75 microsecond de-emphasis curve from 50 to 10,000 
cycles and within + 0 db and — 1 db from 10,000 cycles 
to 15,000 cycles; total harmonic distortion less than 
0.5%; noise level at least 70 db below 100% modulation. 

Measurement Monitor: Single-ended output, impedance 
50,000 ohms; low-frequency level approximately 20 
volts rms at 100% modulation; frequency characteristic 
within i 0.5 db from 50 to 15,(X)0 cycles of standard 
de-emphasis curve; and i 1 db from 15,000 to 30,000 
cycles. Total harmonic distortion less than 0.25%; 
noise level approximately 75 db below 100% modulation. 

Ambient Temperature Range: 10® to 40® C. 










CHAPTER 8 


RADIO-FREQUENCY MEASUREMENTS AND 
MONITORS 


Government regulations, as well as good engineer¬ 
ing practice, require that the operators of commu¬ 
nication systems provide a means of accurate meas¬ 
urement of the frecjuency of the emitted wave of 
their stations. The Federal Communications Com¬ 
mission, through the service of its monitoring sta¬ 
tions, measures the frequencies of all services and 
cites those found operating beyond the authorized 
tolerances. Each service is required to adhere to 
thtfir assigned frequency within a specified toler¬ 
ance, except in the case of services assigned to 
bands of freciuencies. In this ca.se, the carrier fre¬ 
quency must be chosen so that the side bands pro¬ 
duced by keying or other means of modulation do 
not extend beyond the limits of the band. 

Con.sequently, radio communication services either 
operate their own secondary or working standards 
of frequency, or obtain frequency measurements 
from organizations engaged in furnishing this 
service. The United States Bureau of Standards 
transmits radio frequencies, accurate to better than 
one part in 10,000,000, which are known as “Stand¬ 
ard Frequency Transmissions.” These transmis¬ 
sions permit the owners of secondary frequency 
standards to check the accuracy of their equipment 
and make adjustments as might be required if any 
frequency drift has taken place. These standard 
frequency tran.smissions are also useful for many 
other scientific and laboratory uses. 

8-1. The Absorption Frequency Meter —One 
of the simplest frequency measuring devices is the 
absorption type freiiuency meter, or wavemeter, 
which consists of an inductance and capacitance 
either or both of which may be variable. The 
drive-shaft of the variable element of the device is 
equipped with a pointer and scale, one of which 
moves with the shaft. The scale may be calibrated 
directly in frequency or may be used with a cali¬ 
bration chart or table. A resonance indicating de¬ 
vice, usually a flashlight lamp or sensitive meter, is 
provided to indicate when the device is tuned to 
resonance with the circuit under measurement. 
Resonance is indicated by maximum deflection of 
the needle of the meter or maximum brilliance of 
the flashlight lamp. Since a small amount of power 
is taken from the circuit being measured to actuate 
the current-indicating device, the instrument is 
called an absorption meter. The condenser is usu¬ 
ally the variable element, and the range of the in¬ 
strument is extended by the use of several coils of 
different sizes. 


The wavemeter is calibrated by coupling it to a 
signal generator, oscillator, or other accurate source 
of known frequency. A calibration curve may be 
made by plotting condenser settings against fre¬ 
quency or wave length. Because of changes in 
capacitance or inductance due to temperature, hu¬ 
midity and vibration, it may be necessary to make 
frequent checks of the calibration. 

The absorption frequency meter is not capable 
of making precision measurements, but a well-made 
and carefully calibrated instrument will provide 
accuracies of from 0.25 to 2.0 percent. 

One very useful application of the absorption 
frequency meter is in tuning the stages of a trans¬ 
mitter where several frequency multiplications arc 
made. As an example, one may desire to quad¬ 
ruple a frequency and incorrectly tunc the tank 
circuit of the multiplier to the third instead of the 
fourth harmonic. A check with an absorption 
wavemeter will quickly indicate the error. 

Although not as accurate as other frequency¬ 
measuring devices to be described, the absorption 
wavemeter is an extremely useful general-purpose 
instrument. Tn addition to the apidication described 
above, it is also useful for the following purposes: 

1. The measurement of the output freciuency of 
an r-f oscillator or amplifier. 

2. The measurement of harmonic frecpiencies at 
the output of an r-f oscillator or amplifier. 

3. The measurement of the frequency of parasitic 
oscillations. 

4. The detection of radio frequency in power cir¬ 
cuits or other undesirable points in the circuit. 

5. As an indicator of r.f. during the neutraliza¬ 
tion of an r-f amplifier. 

There are many applications in which the power 
available from the circuit under measurement is 
insufficient to actuate the indicating device of the 
wavemeter. When the circuit under measurement 
includes a grid or plate current meter, resonance 
can be determined by noting a reaction on either 
of these meters when the wavemeter is tuned 
through resonance. The coupling between the 
wavemeter and the circuit being measured should 
not be too close otherwise the mutual inductance 
of the two circuits may change the frequency of 
either or both. 

Should the wavemeter employ a sensitive thermo¬ 
couple type r-f galvanometer as a resonance indi¬ 
cator, considerable care must be exercised not to 
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couple the instrument too closely to the source of 
power, as a slight overload is usually sufficient to 
destroy permanently the thermocouple unit of this 
type of instrument. 

8-2. The General Radio Type 724 Precision 
Wavemeter—The tuned-circuit wavemeter, long 
since displaced for highly precise work by crystal 
standards, nevertheless remains one of the most 
useful general-purpose instruments in the radio 
laboratory. This is particularly true of the type 
724 precision wavemeter, which has been for many 
years an accepted standard in the industry. 

For such applications as the preliminary line-up 
of radio transmitters and the rapid checking of 


oscillator frequencies, this precision wavemeter fills 
a definite need in the frequency measurement field. 
The variable condenser is a General Radio type 
722, specially designed for the purpose, with plates 
shaped to give a scale that is linear in frequency. 
The precision of setting is better than one part in 
25,000. The plug-in coil mounting allows the coil 
to be rotated to obtain different degrees of coupling. 

Newly developed crystal rectifiers and newly de¬ 
rived design formulas for inductors have made it 
possible to improve the performance of the wave¬ 
meter considerably. In the latest model, type 
724-B, the vacuum-tube detector used in previous 
models has been replaced by a germanium crystal. 
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thus eliminating the need for batteries and consider¬ 
ably simplifying the maintenance problem. Both 
selectivity and sensitivity are enhanced owing to a 
2:1 improvement in the loading effect of the de¬ 
tector on the tuned circuit. 

Selectivity and sensitivity are also greatly im¬ 
proved by a complete redesign of the inductors to 
obtain higher values of the storage factor, Q. All 
inductors have considerably higher Q*s than for¬ 
merly, with the greatest gain obtained on the 16 to 
50 kc coil, where the improvement is of the order 
of 6:1. As a result, this coil is now calibrated to 
the same accuracy as the others, namely, 0.25 
percent. 

8-2a. Specifications 

1. Frequency range. 16 kc to 50 me. 

2. Accuracy, d: 0.25 percent. 

3. Calibration. The calibration is supplied in 
the form of a table of calibrated points. Linear 
interpolation between these points is used to obtain 
settings for other frequencies. 

4. Condenser. Precision worm-drive type. The 
setting is indicated on the dial and drum and is 
controlled from the front of the panel. There are 
7500 divisions for the entire 270 degree angular 
rotation of the rotor. The precision of setting is 
better than one part in 25,000. The plates are 
shaped to give an approximately linear variation in 
frequency with scale setting. 

5. Inductors. Coils are wound on isolantite 
forms and enclosed in molded phenolic cases. Seven 
coils are used to cover a frequency range between 
16 kc and 50 me. 



Fig. 8-2. Circuit arrangement of the General Radio 
type 724-B precision wavemeter. 


6. Resonance indicator. A germanium crystal 
rectifier is used with a microammeter to indicate 
resonance. The indicator is coupled to the tuned 
circuit through a capacitive voltage divider. 

7. Crystal. Type 1N34 germanium crystal recti¬ 
fier is used. 

8-3. Heterod 3 me Frequency Meters— The het¬ 
erodyne frequency meter represents an improve¬ 
ment over the absorption type wavemeter in provid¬ 
ing accurate measurements of frequency. In its 
best form the heterodyne frequency meter consists 
of a completely shielded, stable r-f oscillator which 
may be tuned over the desired frequency range. 
The tuning element of this oscillator is usually 


equipped with a vernier type dial to permit accurate 
reading of the dial setting. The oscillator is accu¬ 
rately calibrated and the data recorded in the form 
of a calibration chart showing dial settings versus 
frequency, or, in some cases, the divisions of the 
dial are directly engraved in frequency. In most 
heterodyne frequency meters a simple detector and 
audio amplifier circuit, together with a very small 
antenna to pick up the frequency to be measured, 
are provided. The antenna also serves to radiate a 
small portion of the oscillator output making it 
possible to employ an external receiver for hetero¬ 
dyne measurements if desired. 

Precision heterodyne frequency meters are pro¬ 
vided with an auxiliary quartz-crystal-controlled 
(fixed frequency) oscillator by means of which 
points on the dial may be checked against an accu¬ 
rate frequency. When such a crystal calibrating 
oscillator is provided, the accuracy of frequency 
measurements is improved. 

In making frequency measurements with the het¬ 
erodyne frequency meter, the instrument is placed 
near the source of frequency to be measured so 
that a small portion of the signal will be intercepted 
by the pick-up antenna. The dial of the heterodyne 
frequency meter is then tuned until a beat note is 
heard in the headphones. This beat note is a beat 
between the signal being measured and the oscil¬ 
lator frequency of the meter. The dial is then care¬ 
fully adjusted until a zero beat note is obtained. 
When this is done, the heterodyne fretjuency meter 
is tuned exactly to the unknown frequency (or a 
simple harmonic relation exists between the two 
frequencies). This frequency can then be read 
directly from the dial of the meter or obtained 
from the calibration chart. 

On the following pages are described two com¬ 
mercially available heterodyne frequency meters. 
The accuracies obtained with these instruments are 
representative of the accuracies to be expected from 
this type of device. 

8-4. Link Type 230-D Crystal Frequency 
Monitor —The Link 230—D monitor can be used 
for checking frequencies of crystal-controlled trans¬ 
mitters, for tuning master-oscillator controlled 
transmitters to a predetermined frequency, and for 
checking the actual frequency of operation. It can 
be used as a variable or fixed-frequency signal 
generator for testing and aligning receivers and, 
finally, as a monitor receiver to check the quality 
of transmissions. 

Two oscillators are provided in the 230-D moni¬ 
tor. One is a stable, calibrated, variable oscillator, 
controlled by a vernier dial located on the front 
panel. The other is a crystal oscillator circuit so 
designed that no tuning is necessary regardless of 
the frequency of the crystal used. Wide changes in 
circuit constants will not affect the frequency of the 
crystal oscillator. The crystal supplied is ground to 
a frequency tolerance of better than 0.005 percent 
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Fig 8-3. Link t\pe 2^0-1) 

of the operating^ frequency The variable oscil¬ 
lator is noi mally desijjneci to cover ±02 percent 
from any of the usual police and emergency fre¬ 
quencies in the 30 to 40 me band It is calibrated 
accurately and a calibration curve is attached to 
the inside of the front cover. Either oscillator can 
be turned on or off by means of switches located 
on the front panel. 


crybtdl fiequency monitor 

A gndleak detector and audio amplifier are incor¬ 
porated in the monitor, as well as a power supply 
for a-c operation. A 25-foot a-c cord and head¬ 
phones are stored in a compartment at the bottom. 
A short antenna, normally plugged into the top of 
the monitor, can be removed and clipped into spring 
holders provided on the inside of the cover. With 
the front cover in place, the unit can be conveniently 
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carried by means of the leather handle mounted on 
top of the case as shown in Figure 8-3. The 
physical dimensions of the instrument, with the 
cover in place, are: height 16% inches, width 8 
inches, and depth 8% inches. 

When the unit is used for aural monitoring of 
the output of an A-M transmitter, both oscillators 
are turned off. In this condition, the receiver will 
give good headphone reception even when located 
a considerable distance from the transmitter. 

For checking transmitter frequencies, either oscil¬ 
lator is turned on and the beat note between the 
received signal and the local oscillator can be heard 
in the phones. By turning on both oscillators at 
the same time and tuning the variable oscillator to 
the crystal frequency, the variable oscillator can be 
re-calibrated at any time. For this purpose, a 
vernier adjustment is provided so that the variable 
oscillator can be re-set to exact calibration, as 
given by the curve, thus correcting for temperature 
drift, tube aging, tube replacements, or other con¬ 
siderations. When so adjusted, the monitor is (for 
the time being) accurate within O.OOS percent for 
frequencies unthin 0.2 percent of the specified oper^ 
ating frequency.^ 

For aligning receivers, either oscillator will emit 
a carrier wave from the plug-in antenna. The re¬ 
ceiver can be brought into tune by means of the 
variable oscillator and then checked directly against 
the crystal. 

1 The accuracy of any such device is obviously best at 
the crystal check point (or points). 


8-4a. Adjustment —The normal operation of 
the monitor is accomplished as follows: The power 
cord is plugged into any 110-120 volt, 50 to 60-cycle 
a-c source. After a few minutes' warm-up, the 
main tuning dial is set at 50, a pair of phones and 
the antenna rdd are plugged in, and both the crystal 
and variable oscillator switches are turned to the on 
position. By means of the small knob adjustment 
to the left of the tuning dial, the beat note, heard 
in the phones, is adjusted to zero beat. This opera¬ 
tion puts the variable oscillator in exact calibration 
at the operating frequency. Other frequencies in 
the operating range can be read from the calibration 
curve furnished with the monitor. This curve is 
furnished for the convenience of the user and is 
not expected to be as accurate as the crystal check 
point. 

8-4b. Checking Transmitter Frequency— It is 

first necessary to adjust the monitor to zero beat as 
described above. To check the frequency of a 
transmitter, place the monitor close to the trans¬ 
mitter, so that a small voltage can be picked up 
by the monitor antenna. With only the variable 
oscillator on, tune the monitor to zero beat and 
read the micrometer dial, after which the correct 
frequency can be read from the chart. 

The micrometer dial furnished with the 230-D 
has 100 divisions and a micrometer scale for accu¬ 
rately reading to Mo division. Since the full scale 
of the dial represents about 0.4 percent of the oper¬ 
ating frequency. Mo dial division will represent a 
0.0004 change in frequency. Thus the monitor can 
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Fig. 8-4. Schematic circuit diagram of Link type 230-D crystal frequency monitor. 
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be read to at least ten times the guaranteed accuracy 
of the variable oscillator. 

A heterodyne frequency meter of this type is 
equally well suited to measuring the carrier fre¬ 
quency of either an A-M or an F~M transmitter. 
In either case it is necessary to make the measure¬ 
ment without modulating the transmitter, in order 
to get a clean beat note. 

8-4c. Checking Frequency Modulation —The 

gridlcak detector is not suited, of course, for aural 
monitoring of modulation in conjunction with an 
F-M transmitter, but is well adapted to measuring 
peak frequency deviations by the carrier null 
method. This method of measuring deviation 
makes use of the fact that if a certain audio fre¬ 
quency is used to modulate an F-M transmitter, 
the relative magnitude of the carrier and side 
bands will vary as the amplitude of the modulating 
frequency is varied. The amplitude of the carrier 
will reach zero when the peak deviation is 2.40, 
5.52, 8.65, etc. times whatever audio frequency is 
being used to modulate the transmitter. This is 
termed tlie Bessel method of frequency-deviation 
measurement. 

In order to illustrate the technique used to meas¬ 
ure deviation in this manner, let us assume a com¬ 
mon practical problem. Suppose that it is necessary 
to determine the audio level required to produce 
± 15 kc deviation in a given transmitter. The first 
carrier null point occurs when the deviation is 2.40 
times the modulating frequency. Therefore if we 
use 15,000/2.40, or 6250 cycles, as the modulating 
frequency, the audio input level at the first carrier 
null point will be the required value. This simple 
operation is accomplished as follows: 

1. Set up the 230-D monitor and adjust the vari¬ 
able oscillator to beat against the transmitter car¬ 
rier, without modulation. Tunc for some easily 
distinguishable beat note such as 500 cycles. 

2. Apply an audio input voltage of 6250 cycles 
to the transmitter and gradually increase the audio 
level. As the level is measured, other heterodyne 
beats will be heard, but they will be of the order 
of 6000 cycles and the ear can easily distinguish 
the original 500-cycle beat against the carrier. 

3. As the audio input is varied a very definite 
point will be noted where the amplitude of the 
heterodyne beat against the carrier reaches a null or 
minimum level. The audio input level at this point 
will be the value re(|uired to cause ± 15-kc deviation. 

If the audio input level is increased further, other 
carrier null points can easily be distinguished at 
6250 X 5.52 or ± 34.5 kc, and 6250 X 8.65 or ± 54 
kc. This monitor thus serves the user of F-M as 
well as A-M equipment. 

The use of the Bessel method of frequency devi¬ 
ation is described in detail in Chapter 7. 

8-5. General Radio Type 720-A Heterodyne 
Frequency Meter —The type 720-A heterodyne 
frequency meter is designed for measuring frequen¬ 


cies between 10 me and 3000 me. It contains a cali¬ 
brated oscillator, a detector, and an audio amplifier. 
The oscillator frequency can be varied continu¬ 
ously between 100 me and 200 me. The unknown 
frequencies are measured by producing beats with 
the calibrated heterodyne oscillator. Beats may be 
produced between the fundamentals of the unknown 
source and the heterodyne oscillator, between har¬ 
monics of the unknown frequency and the hetero¬ 
dyne fundamental, between the unknown funda¬ 
mental and harmonics of the heterodyne oscillator, 
or betw^een the harmonics of both the unknowm 
source and the heterodyne oscillator. The main 


Fig. 8-5. The General Radio type 720-A heterodyne 
frequency meter. 

dial of the frequency meter has essentially a loga¬ 
rithmic calibration, and one-half turn of the vernier 
dial corresponds to one percent change in frequency. 
An elementary circuit diagram is given in Figure 
8 - 6 . 

8-5a. Operation —A pair of headphones plugged 
into the jack marked phones is the best means of 
determining beats. For fairly strong signals, the 
presence of a beat will be indicated by a down¬ 
ward deflection of the panel meter. Exact zero 
beat will result in no deflection of the meter. The 
beat note will be heard in tlie small dynamic speaker 
on the panel if the telephones are unplugged. 

The au^io-frequency amplifier has a useful band¬ 
width of 50 kc, hence indications will be obtained 
on the panel meter when the beat fretjuency is above 
the audible range. This feature is useful when the 
frequency under measurement is unstable and no 
.steady audible beat can be obtained. 

Adequate coupling is usually obtained if the in¬ 
strument is placed in the vicinity of the oscillator 
whose frequency is to be measured. For high fre¬ 
quencies the length of the antenna, marked input 
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Fig. 8-6. An elementary circuit diagram of the G. R. 720-A heterodyne frequency meter. 


on the front panel, can be adjusted to improve sig¬ 
nal strcng^th. For frequencies below 100 me it may 
be necessary to connect a short wire to the antenna. 

1. Battery, One Burgess 6TA60 battery is used 
to supply 90 volts to the plates and 1.4 volts to the 
filaments of the vacuum tubes. All necessary con¬ 
nections are made by a battery plug attached to a 
short cable. Filament and plate loads are well bal¬ 
anced, and the battery will give long service in 
intermittent use. Since the heating-up time of the 
tubes is very short, the instrument can be turned 
off if appreciable time' elapses between measure¬ 
ments. The battery should be replaced if the deflec¬ 
tion on the panel meter is below one milliampere 
with the volume control at minimum. 

2. A-c Power Supply, Type 1261-A power sup¬ 
ply fits the battery compartment and, with type 
1261-P3 selector plug, supplies the filament and 
plate voltages for the tubes. To adjust filament 
voltage to correct value, connect a 1000 ohms/volt 
voltmeter to filament terminals. With filaments 
turned on, note voltmeter reading; press push¬ 
button switch on the top of power supply unit. 
Turn screw-driver adjustment on the top of jiower 
supply until meter reading does not change when 
button is depressed. When a-c power supply is 
used, leave panel switch on and use switch in power 
cord to turn instrument on and off. 

3. Tubes, 

V-1 1'ype 1N5-GT V-3 Type 958-A 

V“2 Type 1D8-GT Detector 1N21B 

Select 958-A replacements for low microphonic 
noise. Pick to match frequency calibration as fol¬ 
lows: 1. Set an external oscillator (which will beat 


with 100 and 200 me) to obtain beat note with 
720-A set at 100.0 me. 2. I'hen set 720-A to get 
beat note at or near 200.0 me. 3. Choose 958-‘A 
which give beat nearest 200.0 me. 

8-5b. Making Frequency Measurements —1. 
Frequencies Between 100 aftd 200 Me. When the 
frequency to be measured lies within the funda¬ 
mental range of the type 720-A heterodyne fre¬ 
quency meter, the unknown freijuency is read di¬ 
rectly from the main dial when a strong beat is 
obtained. In addition to this beat note other weaker 
beat notes may be heard. For example, if a funda¬ 
mental frequency of 150 me is measured, a strong 
beat will be obtained at a dial setting of 150.0 me, 
and weaker beats may be heard at dial settings of 
100 and 112.5 me. These weaker beats are pro¬ 
duced between the second and third harmonics of 
the unknown frequency and the third and fourth 
harmonics of the type 720-A oscillator, respectively; 
2 X 150 me = 3 X 100 me and 3 X 150 me = 4 
X 112.5 me. 

2. Frequencies Above 200 Me. For frequencies 
which lie above 200 me the procedure is to start 
at the high end of the frequency range and to note 
the successive settings of strong harmonic beats as 
the frequency of the heterodyne oscillator is pro¬ 
gressively reduced. If the frequency at which one 
beat occurs is divided by the frequency diflerence 
between it and a successive beat, the result must be 
an integer and is the harmonic number of the suc¬ 
cessive beat. Example: A high frequency is meas¬ 
ured and strong beats are obtained at 200.0 and 160.0 
me. Subtracting the second beat from the first 
gives 200.0 — 160.0 = 40.0. Dividing the first beat 
by this difference gives 200.0/40.0 = 5, which is 



Fig. 8-7. Chart showing possible beats up to the third harmonic with the 
720-A heterodyne frequency meter. 
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the harmonic number of the second beat. Hence, 
the unknown frequency is 5 X 160.0 = 800.0 me. 

3. Beats Between Harmonics, In many cases it 
will be possible to produce beats between harmonics 
of the unknown frequency and harmonics of the 
heterodyne oscillator. These beats will usually be 
much weaker than the beats produced between the 
unknown fundamental and the heterodyne har¬ 
monics. The chart, Fig^ure 8-7, gives the possible 
beats up to the third harmonic of the unknown used 
in the example above. 

In general, if the “unknown” frequency is known 
approximately, a single beat is sufficient to deter¬ 
mine the frequency accurately. On the other hand, 
if the approximate value is not known, it will be 
necessary to note successive beats until their pat¬ 
tern can be determined as above. Much time can 
be saved and i)ossil)le errors eliminated, however, 
if the unknown freejuency is determined approxi¬ 
mately by other means, such as an absorption-type 
wavemeter. 

4. Frequencies Below 100 Me. For frc(jucncics 
which lie below 100 me, the procedure is to start 
at the low end of the frequency range and to note 
the successive settings of beats as the frequency 
of the heterodyne oscillator is progressively in¬ 
creased. The frequency difference between two 
successive beat settings is ecjual to the unknown 
frequency. Example: A low frequency is measured 
and heats are observed at 105.0, 120.0 and 135.0 me. 
The frequency difference between successive beats 
is 15.0 me, which is the frequency being measured. 

8-5c. Maintenance —The detector is located 
near the antenna input terminal and is held in place 
hy a ring-shaped spring. A spare detector car¬ 
tridge (clamped to the left rear comer of the top 
shelf) is supplied witli the instrument. 

When the dial is rotated rapidly, a drone from 
the gear train plus some microphonics from the 
oscillator tube should be heard in the telephones. 
If these sounds are not heard, either the o.scillator 
is not working or the detector unit is defective. 

The detector can he tested with an ohmmeter 
operated from a 1.5-volt battery. The R X 100 
range of a Weston model 663 ohmmeter is satis¬ 
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factory for this test. For proper operation, the 
ratio of back resistance to forward resistance should 
be 30 to 1 or greater with the back resistance greater 
than 10,000 ohms and the forward resistance less 
than 1,000 ohms. The detector will work with 
ratios of back to forward resistance less than 30 
but efficiency of detection is decreased. 

8-6. Measurement of High Frequencies by 
Lecher Wires —At high frequencies, where the 
magnitude of a wave length is small, it becomes 
practical to measure wave length directly by meas¬ 
uring the length of the standing wave pattern set up 
on a two-wire parallel transmission line by the fre¬ 
quency to be measured. I'his method of measuring 
wave length was used by E. Lecher as early as 
1890, and for this reason parallel lines used for 
this purpose are known as “Lecher wires.” A 
similar method of frequency measurement was em¬ 
ployed in the experiments of Hertz and Lodge. 

Figure 8-8 shows a schematic diagram of such a 
parallel-line measuring system. The parallel wires, 
which may be of any length but should be at least 
one wave length long, are loosely coupled to the 
circuit to be measured. Inasmuch as the far end 
of the line is open, standing waves will be set up 
on the line. As the current-measuring device, usu¬ 
ally a thermocouple ammeter, is moved along the 
line, points of maximum current (current loops) 
will be indicated by maximum deflection of the indi¬ 
cating instrument. The distance from one current 
loop to the next, w’hich can he measured with a yard¬ 
stick or similar device marked off in metric units, 
will be ecjual to one half wave length of the fre¬ 
quency being measured. 

If this distance is measured in meters, the fre¬ 


quency in megacycles will be / = -J- 

distance in meters’ 
if mea.sured in inches, the fre(iuency in megacycles 

will be / = -.-- - 

distance in inches 


In practice, it has been found that more accurate 
measurements are possible by measuring the dis¬ 
tance betvyeen current minima (current nodes) 
rather than current maxima (current loops) as the 
current nodes are more sharply defined. If accu- 
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Fig. 8-8. Schematic of Lecher wires used for measuring wavelength of very high frequencies. 
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racy is desired, it is also important that only air 
dielectric be present between the wires in the sec¬ 
tion of the line being used. 

The accuracy to be expected of frequency meas¬ 
urements made by means of Lecher wires is largely 
a matter of the care exercised in making the meas¬ 
urements. Very carefully made measurements may 
reach an accuracy of 0.1 percent. 

8*7. Multivibrators —Most secondary or work¬ 
ing standards of frequency employ a quartz-crystal- 
controlled oscillator, which generates a frequency 
that is very stable and constant over long periods 
of time. These oscillators usually operate on a 
rather low frequency, SO kc and 100 kc being fre¬ 
quently employed. The frequency of such an oscil¬ 
lator is periodically checked against, and synchro¬ 
nized with, a more precise standard, such as the 
Bureau of Standards ^‘standard frequency transmis¬ 
sions.” Such an oscillator is very useful in fre¬ 
quency measurements as other devices may be cali¬ 
brated using this oscillator as a standard. 

The usefulness of such a “standard” oscillator 
may be still further expanded if a means is pro¬ 
vided whereby the frequency may be both divided 
and multiplied, thereby making available a large 
number of frequencies, each with the same accuracy 
as the original oscillator, which may then be em¬ 
ployed for direct comparison with unknown fre¬ 
quencies. Frequency multiplication presents no un¬ 
usual problems as standard methods of harmonic 
production and frequency multiplication may be 
employed. Frequency division, on the other hand, 
presents a different problem and is usually accom¬ 
plished by means of the multivibrator, sometimes 
known as the relaxation oscillator (see Figure 8-9). 



Fig. 8-9. Circuit of the multivibrator. The frequency 
of oscillation is determined by the values of resistance and 
capacitance. 


Essentially, the multivibrator is a resistance- 
capacitance coupled amplifier with its output circuit 
feeding sufficient energy back to the input in the 
proper phase relationship to cause oscillation. The 
frequency of this oscillation is determined by the 
time constant of the resistance and capacitance 
values of the circuit components. The output wave 
form is very irregular and therefore contains a 


high order of harmonics. The oscillations of the 
multivibrator are quite unstable, but can be con¬ 
trolled at a definite frequency if a suitable control¬ 
ling voltage from another source, the frequency of 
which corresponds to the fundamental or to a higher 
harmonic of the fundamental frequency of the un¬ 
controlled multivibrator, is properly introduced into 
the circuit. When the control frequency is intro¬ 
duced, the multivibrator locks into step with the 
control frequency. 

A ratio of multivibrator frequency to controlling 
frequency of 10 is a value often encountered in 
practice. Thus, the voltage from a 100-kc oscil¬ 
lator may be employed to control a 10-kc multi¬ 
vibrator, and the output of the 10-kc multivibrator 
in turn employed to control a 1-kc multivibrator. 
Three accurate frequencies, 100 kc, 10 kc, and 1 kc, 
are thereby available for measurement work. 

In precise standards of frequency, the 1-kc multi¬ 
vibrator frequency is often employed to operate a 
synchronous motor driven clock. These clocks are 
designed to keep true time when driven by a fre¬ 
quency of exactly 1000 cycles; therefore, by com¬ 
paring the indicated time with standard time a 
measure of the accuracy of the driving frequency 
is obtained. 

8-8. Locked Oscillators —In addition to multi¬ 
vibrators, locked oscillators are sometimes used to 
provide known frequencies at convenient points 
such as 100 kc and 1000 kc. 

Referring to Figure 8-10, the circuit is comprised 
of a 50-kc input amplifier utilizing a resistance- 
capacitance coupled pentode tube feeding locking 
voltage to an oscillator tube locked on 100 kc. This 
tube is self-oscillating but its constancy of fre¬ 
quency is dependent upon the magnitude and con¬ 
stancy of the frequency of the injected voltage. 
The output of this locked oscillator tube is coupled 
to a buffer amplifier and then to a harmonic ampli¬ 
fier with an inductive plate load which provides an 
output rich in harmonics. 

Should the oscillator become unlocked, a rough, 
modulated signal will be produced similar to that 
encountered when a multivibrator steps out of con¬ 
trol. In such a case, it is necessary to increase 
the control voltage. 

8-9. General Radio Frequency Standards— 

The determination of frequency directly in terms 
of time is a fundamental measurement; since fre¬ 
quency is the time rate of recurrence of a cyclical 
phenomenon. A primary standard of frequency is, 
therefore, defined as one whose frequency is deter¬ 
mined directly in terms of time. A secondary 
standard is one whose frequency is determined by 
comparison with a primary standard, or by compari¬ 
son with other secondary standards, some one of 
which was originally compared with a primary 
standard. 

It is to be noted that the above classifications of 
frequency standards have nothing to do with the 
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accuracies of the standards. In fact the Scame 
statidard is logically classed as a primary .standard 
if checked directly against time, and as a secondary 
standard if checked against standard fre(|uency 
transmissions (representing a distant primary 
standard). 

In practice, the responsibility of establishing and 
maintaining accurate time determinations by astro¬ 
nomical observations is not assumed by the indi¬ 
viduals desiring a primary standard of frequency. 
The time determinations are carried out by observa¬ 
tories especially equipped for the purpose. The re¬ 
sults are made available to a large number of users 
by radio and wire transmission. In the United 
States, the U. S. Naval Observatory transmits 
high-precision time signals by radio through the 
facilities of the U. S. Naval Radio Service. Trans¬ 
missions on several frequencies are available several 
times a day and can be received nearly all over the 
world. 

The user of a primary frequency standard can 
then conveniently determine the frequency of the 
standard in terms of the standard time interval sent 
to him by radio. In the General Radio equipment 
means are provided for quickly and easily making 
this comparison. For the most precise results, the 
errors of the transmitted time signal must be taken 
into account. Correction data may be obtained by 
applying to the Superintendent, U. S. Naval Obser¬ 
vatory, Washington, D. C. 

Since the astronomical clocks now used at the 
Naval Observatory are piezo-electric oscillators, 
similar to those used in accurate frequency stand¬ 


ards and since, through close cooperation of the 
U. S. Naval Observatory and the National Bureau 
of Standards, the piezo-electric oscillators of the 
latter's primary frequency standard are checked in 
the same way as the former’s astronomical clocks, 
the comparison with time is, in effect, carried out 
by the observatory. The standard frequency trans¬ 
missions sent out by the Bureau of Standards conse¬ 
quently represent a primary standard of high preci¬ 
sion available to all who can receive the transmis¬ 
sions. Where such transmissions can be received, 
it is generally more convenient and much quicker 
to make the comparison by frequency than by time. 
For information and schedules of transmission of 
standard freciucncics, apply to the Radio Division, 
Bureau of Standards, Department of Commerce, 
Washington, D. C. 

Because of the vagaries of high frequency trans¬ 
mission, many users rely on checks against time as 
a reserve. They also use the primary standard as 
a high-precision clock for laboratory timing 
purposes. 

As so far considered, the precision oscillator is a 
single-frequency device. For practical utility it is 
necessary to obtain from this single freejuency many 
other frequencies, both above and below the stand¬ 
ard frequency, for convenience in measurements. 
Since most of the precision oscillators operate in 
the region of 50 to 100 kc, it is necessary to divide 
the frequency to obtain a value such that an easily 
constructed synchronous motor can be used to count 
the number of cycles executed by the precision oscil¬ 
lator in a standard interval of time. For measure- 
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nients of hijjh radio frequencies, it is necessary to 
multiply the standard frequency to obtain useful 
frequencies in the range of the frequency being 
measured. Both of these operations are readily 
performed by a controlled relaxation oscillator, 
known as a multivibrator. 

An oscillator of this type is characterized by its 
susceptibility to control by an introduced voltage, 
the frequency of which lies near tlie fundamental, 
or low-order harmonic, frequency. In the con¬ 
trolled condition, the relaxation oscillator locks into 
step with the control voltage, and the frequency 
bears an integral relationaliip to the frequency of 
the controlling voltage. 

8~9a. The Primary Frequency Standard Type 
1100-AP —The elements of a primary frequency 
standard. General Radio type llOO-AP, are shown 
in Figure 8-11. 

The frequency of the precision oscillator is 100 
kc. which is divided successively by factors of 10 
to obtain multivibrator fundamental fretjuencies of 
10, 1, and 0.1 kc. A fourth multivibrator operating 
at a fundamental fretjuency of 100 kc, provides a 
large number of harmonics at 100 kc intervals for 


ROTATIONAL 
PERIOD OF 
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Fig. 8~ll. Functional block diagram of the freciuencics 
obtainable from type 1100-A frequency standard. 


use at high radio frciiuencies. Harmonics of the 
10 kc multivibrator are similarly used. In the 
audio-frequency and low-frequency range (up to 
one or two hundred kc) a cathode-ray oscilloscope 


is used to obtain hundreds of known frequencies. 
This is simpler than trying to make use of har¬ 
monics of the low standard frequencies. 

The range of useful output frequencies obtain¬ 
able from the General Radio Primary (or Second¬ 
ary) Frequency Standard is indicated in Figure 
8-11. Complete specifications are given in Section 
8 - 10 . 

This frequency standard is the result of many 
years of continuous development in the General 
Radio laboratories. The quartz bar (and mount¬ 
ing), the oscillator circuit, and the temperature- 



Fig. 8-12. View of the 1190-A quartz bar used in 
1100-A frequency standard, with cover removed, showing 
the spring .suspension. 


control system used in the standard make possible 
a stability of a few parts in 1()‘' over periods of 
several months, and a short-period stability of ap¬ 
proximately 2 parts in 10^. The quartz bar and 
its mounting are shown in Figure 8-12. The bar 
vibrates in its second-harmonic extensional mode, 
and is held at its two nodes in a spring suspension 
mounting in such a manner as to introduce a mini¬ 
mum of damping. Electrodes are formed directly 
on the surfaces of the (luartz. The cross-sectional 
dimensions of the bar have been so chosen that the 
temperature coefficient of frequency is zero in the 
vicinity of the operating temperature of 60° C. 

The temperature-control system holds the tem¬ 
perature of the quartz bar constant to better than 
0.01° C. 

A bridge-type oscillator circuit is used, .shown in 
schematic form in Figure 8-13. In this circuit, the 
crystal vibrates at its series resonant frequency and 
the amplitude of oscillation is constant. 

8-9b. The Secondary Frequency Standard Type 
1100-AQ —In the past there was a useful field 
for frequency standards of less than the best pos¬ 
sible precision, such standards being checked fre¬ 
quently against standard frequency transmissions. 
These standards could be manufactured at a lower 
cost than the more precise standards and conse¬ 
quently were used in many applications where price 
was a governing consideration. 
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8-1.1. Elementary circuit of the bridge-type piero-electric oscillator used in the 
1100-A frequency standards. 


At present the demand for more accurate second¬ 
ary standards, coupled with less expensive desijjns 
for primary standards, makes it undesirable to make 
two types of standard. Consequently, the same 
component units are offered for use as a secondary 
standard—the precision oscillator, and multivibrator 
and power supply unit, but without the syncronome- 
ter unit. This latter unit can be added later, if 
desired. 

S-9c. Frequency Measurement —The next step, 
after establishing a series of standard frequencies 
embracing a portion of the freciuency spectrum in 
which measurements of fretiuency are to be made, 
is to evaluate any unknown frequency in terms of 
one of the standard frequencies. Any unknown 
frequency will lie between two of the standard- 
frequency harmonics as shown in Figure 8-14. 
The simplest process is to determine the difference 
in frequency between the unknown frequency and 
the nearest of the standard frequencies. This dif¬ 
ference is added to the standard frequency if the 
unknown lies above the standard, or subtracted if 
the unknown lies below the standard frequency. 

For evaluating the freciuency difference, A or B 
(Figure 8-14), a convenient method consists of 


beating the standard and unknown frequencies in a 
detector, and measuring the beat frequency by com- 
paiison with a calibrated audio oscillator as indi¬ 
cated in Figure 8-15. 



Fir,. S-l-S. Functional diagram showing the operation of 
the direct-heating mclhod of frequency measurement. 


The type 1105-A frequency measuring equip¬ 
ment has been designed as an assembly of the neces¬ 
sary instruments for measuring unknown frequen¬ 
cies in terms of standard-frequency harmonics ob¬ 
tained from the type 1100 frequency standard. This 
as.sembly includes an interpolation oscillator and 
comparison oscilloscope for measuring audio and 
beat frequencies as well as the necessary radio¬ 
frequency detectors and calibrated oscillators used 
in measuring the higher frequencies. Complete 



h'i(.. 8-14. This diagram .show's the relation betw'een an unknown frequency 
and a standard harmonic series. 
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descriptions of this equipment are given in Section 
8 - 11 . 

8-10. General Radio Type 1100-A Frequency 
Standards —The type 1100-A frequency stand¬ 
ards are completely new and highly precise stand¬ 
ards of frequency, operating on the principles out¬ 
lined in Section ^9. Two models are available, the 
type 1100-AP primary standard and the type 
1100-AQ secondary standard. The same basic ele¬ 
ments are used in each, and there is no difference 
in accuracy and stability between the two assemblies. 

1lie primary standard is provided with a Syncro- 
nonieter (synchronous motor clock for evaluating 
its frequency directly in terms of standard time. 
I'hc secondary standard has no synchronometer. 
All other specifications are identical with those for 
the primary standard. 

Harmonic series based on fundamentals of 0.1, 1, 
10, and 100 kc arc available at its output terminals 
to furnish usable standard frc(iucncics over a wide 
range. The accuracy of all output frequencies is 
the same and is better than five parts in ten million 
over periods of several months. 

The primary standard is an excellent national 
standard of frequency for communications minis¬ 
tries, and with the type 1105-A frecjuency measur¬ 
ing equipment, can be used to monitor or to nieasure 
the frequencies of radio stations. It is also suitable 
for use as a standard clock by observatories. Re¬ 
search laboratories and radio manufacturing plants 
should use the primary standard whenever the re¬ 
quirements make it advisable to have an indepetident 
check against time. 

For many uses the timing feature of the primary 
standard is not needed, and the secondary standard, 
which offers the same stability at a lower price, can 
be used. With the secondary standard, an accurate 
check upon its frequency can be made by a com¬ 
parison with standard-frequency radio transmissions 
such as those of the National Bureau of Standards 
at Washington. This comparison is adequate to 
evaluate the frequency of the standard to a few 
parts in one hundred million. 

8-lOa. Type 1103-A Synchronometer —This 
panel includes a 1000-cycle synchronous motor for 
effectively counting the number of cycles executed 
by the standard piezo-electric oscillator in a stand¬ 
ard time interval. A large, illuminated, 24-hour 
dial with a long sweep hand makes for easy visi¬ 
bility. A microdial contactor operating once each 
second, and calibrated in hundredths of a second, 
is provided for comparison with time signals. The 
microdial mechanism can be phased by means of a 
panel control. Comparison of the synchronometer 
reading with standard time can be made on the 
microdial scale to one part in ten million over a 
24-hour interval. The 1000-cycle synchronous 
motor is started by a 60-cycle motor controlled by 
a push-button on the panel. 


8-lOb. Type 1102-A Multivibrator— This unit 
contains four multivibrators of 100, 10, 1, and 0.1 
kc frequencies, the power supply for the entire 
standard, and the control circuits of the temperature- 
control system of the type 1101-A piezo-electric 
oscillator. Concentric shielded connectors are pro¬ 
vided for 100-kc and 10-kc harmonic outputs, for 
radio frequency measurements, and 10 kc, 1 kc and 
0.1 kc for audio frequency measurements. These 
connections are all mounted on the rear of the 
assembly. 

8-lOc. Type 1101-A Piezo-Electric Oscillator— 

This oscillator operates with a type 1190-A quartz 
bar, which is mounted in the temperature control 
unit, located at the left behind the panel. The tem¬ 
perature is controlled by a compensated thermostat 
circuit and is maintained within 0.01° C for all 
ordinary ambient temperatures. The oscillator cir¬ 
cuit assembly is mounted at the right behind the 
panel. 

8-lOd. Specifications —Frcqucficy Range, 
Standard frequencies ranging from one pulse per 
second to frequencies of several megacycles can be 
obtained from this equipment. 

The output frequencies are as follows: The upper 
frequency limit depends upon the method used to 
detect and utilize the harmonics. The values here 
cjuoted are easily reached when using the type 1106 
frequency transfer units. 

From 100-kc multivibrator, 100 kc and its har¬ 
monics up to 50 megacycles. 

From 10-kc multivibrator, 10 kc and its harmonics 
up to 10 megacycles. 

From 1-kc multivibrator, 1 kc and its harmonics 
in the audio-frequency range. 

From 100-cycle multivibrator, 100 cycles and its 
harmonics in the lower audio range. 

From the synchronometer unit, one-second con¬ 
tactor. The time of occurrence of the contact may 
be phased to occur at any instant over a range of 
one second. 

If a suitable high-frequency receiver is used to 
detect them, 100-kc harmonics up to 75 or more 
megacycles can be utilized directly. For work at 
higher frequencies, harmonics of an auxiliary os¬ 
cillator whose fundamental is monitored against the 
standard at a lower frequency can be used. 

Output Voltage. The harmonic outputs of the 
100 and 10 kc are at low impedance (65 ohms). 
The rms voltages, measured at the terminals of the 
frequency standard, across a 65-ohm load, are: at 
100 kc, 0.2 volt; and 10 kc, 1.2 volts. The audio¬ 
frequency outputs are at low impedance (600 ohms). 
The rms voltages measured at the terminal strip of 
the standard, across a 10,000-ohm load, are; 10 kc, 
20 volts; 1 kc, 25 volts; 100 cycles, 20 volts. 
These voltages are representative only; they are not 
guaranteed values. 

Frequency Adjustment. The frequency of the 
quartz bar in its oscillator circuit is adjusted to 
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within 1 part in ten million of its specified fre- 
(luency in terms of standard time. Sliffht changes 
in frequency may occur during shipment but a con¬ 
trol is provided for adjusting the frequency after 
installation. 

Accuracy, When the assembly is operated in 
accordance with instructions, and after an aging 
period of a month, the rate of drift of the frequency 
will remain below 5 parts in 10'* per day and this will 
decrease with time to about 0.5 part in 10^ per day 
at the end of one year’s operation. 

P'rcqticncy Stability. The standard is designed so 
that ordinary changes in air pressure, ambient tem¬ 
perature, and line voltage have practically no effect 
on the frequency. I'he temperature coefficient of 
frequency of the quartz bar is less than 1 part in 
10^ per degree C. The temperature control is 
within +0.01° C. The voltage coefficient of fre¬ 
quency of the crystal-controlled oscillator is ap¬ 
proximately 2 parts in 10‘' for line voltage changes 
of 10 percent. The average fretiuency variation 
from this cause will be substantially less. 

The fluctuations of frequency of the standard 
over short periods, such as those required in making 
frequency measurements are less than 1 part in 10". 

»-ll. General Radio Type 1105-A Frequency 
Measuring Equipment —The type 1105-A fre¬ 
quency measuring equipment includes all the auxili- 
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Fig. 8-16. View of General Radio 1105-A frequency 
measuring equipment with type 1100-AP primary frequency 
standard. 


ary equipment necessary for measuring unknown 
frequencies in terms of the type 1100-A frequency 
standards. When this assembly is used in conjunc¬ 
tion with either model of the type llOO-A fre¬ 
quency standard, measurements can be made directly 
at frequencies up to 100 me. Measurements at 
higher frequencies can be made by using auxiliary 
equipment, such as receivers or oscillators, to trans¬ 
fer the unknown in harmonic steps to a fretjuency 
below 100 me. 

The general method of measurement is outlined 
in the diagram Figure 8-17. At radio frequencies 
between about 100 kc and 100 me, the unknown 
frequency is brought into the measuring system 
through the detector section of a frequency transfer 
unit or through an external radio receiver. The 
direct-reading scale of the frequency transfer unit 
gi\cs the approximate value of the unknown fre¬ 
quency. For a precise determination, the beat fre¬ 
quency between the unknown and a standard fre¬ 
quency harmonic is measured by comparison with 
the interpolation oscillator, the comparison being 
made on the oscilloscope. 

Above 100 me, external frequency meters such as 
the type 720-A can be used to establish a harmonic 
T elation between the unknown and the standard fre¬ 
quency. Other types of stable oscillators can also 
be used for this purpose. 

At audio frequencies, the interpolation oscillator 
is matched directly to the unknown fre(|uency. A 
harmonic of the unknown can be used at low audio 
and sub-audible fre(iuencies. 

Between about 5 kc and 100 kc, the interpolation 
oscillator is used to produce a variable frecjuency 
circular sweep on the oscilloscope. The unknown 
frequency is then determined from the oscilloscope 
pattern. 

The accuracy of measurement that can be easily 
realized is + 0.1 cycle in determining the difference 
between unknown and standard frequencies. The 
fractional accuracy varies with the frequency being 
measured ranging from 2 in lO''"’ at low frequencies 
to 1 in 10” at high frequencies. 

By reversing the procedure of measurement, a 
precisely known frequency of any value between 
100 kc and 200 me can be generated. The desired 
frequency is available at the output terminals of a 
frequency transfer unit. At audio frequencies, 
from the interpolation oscillator, audio frequencies 
between 0 and 5000 cycles are available. 

8-lla. Type 1106 Frequency Transfer Units— 
The type 1106 frequency transfer units are utilized 
in transferring an unknown frequency for measure¬ 
ment against a frequency standard, or for trans¬ 
ferring a frequency of known value (determined 
against the standard) to an output circuit. The 
direct-reading frequency calibrations will give the 
approximate value of an unknown frequency, or 
the approximate value of a desired frequency in the 
output circuit. 
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FREQUENCY TRANSFER UNITS 



Fig, 8-17. This diagram shows in functional form the operation of the type 1105 frequency measuring assembly. 
The type 1108 coupling panel is the central unit from which all operations are controlled. The unknown frequency 
and a scries of standard fretiucncy harmonics are applied through attenuators to the heterodyne detector. The unknown 
can then be estimated quickly from the calibration of the detector, or be determined more accurately by use of the hetero¬ 
dyne frequency meter, or be measured precisely by use of the interpolation oscillator. 


When used with a frequency standard, these units 
provide means for rapidly identifying: the harmonics 
of the standard; for accurately matching the hetero¬ 
dyne frequency meter to the unknown fretiuency; 
for use as a substitute source in measuring fre¬ 
quencies under conditions of noise, fading or of 
intermittent operation of the transmitter; and for 
obtaining a frequency of any desired value, accu¬ 
rately known in terms of the frequency standard. 
These instruments can also be used as general 
purpose calibrated frequency meters and detectors. 

The types 1106-A, 1106-B and 1106~C frequency 
transfer units are identical except for their fre¬ 
quency ranges which are: 

T ype 1106-A. 100 kc to 2000 kc 

Type 1106-B. 1 me to 10 me 

Type 1106-C. 10 me to 100 me 

Each consists of a heterodyne frequency meter 
(with harmonic generating circuits and output con¬ 
trol) and a heterodyne detector (with audio¬ 
frequency amplifier and regeneration control). 

The heterodyne frequency meter oscillator circuit 
is a highly stable oscillator having a frequency 
range of 2 to 1 in two (1106-A) or three steps 


(1106-B, -C). A direct-reading frequency scale is 
provided for the fundamental and selected harmonic 
ranges, covering 10 to 1 in frequency (20 to 1 on 
1106-A). The harmonic output can be used at 
frequencies higher than those covered on the dial 
ranges; for example, using the fundamental fre¬ 
quency scales and reading ten times the scale value 
gives the coverage of the tenth harmonic. 

The heterodyne detector has range-switching and 
direct-reading frequency scales covering the rated 
range of the unit. The detector can be operated 
either in the non-oscillating or oscillating condition 
by use of the regeneration control. When oscil¬ 
lating, it is especially useful in obtaining an exact 
zero beat setting between the frequency meter and 
a signal frequency, by the three-oscillator method, 
the detector serving as the third oscillator. When 
not oscillating, it produces the beat between the 
standard harmonic and the unknown frequency. 
An audio-frequency amplifier with an output im¬ 
pedance of approximately 600 ohms is provided. 

8-1 lb. Type 1107-A Interpolation Oscillator— 
The principal use of the type 1107-A interpolation 
oscillator is, in connection with a frequency stand- 
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ard, to measure the difference between the unknown 
frequency and a known standard harmonic. The 
direct-reading linear scales of 0 to 5000, and 5000 
to 10,000 cycles make possible the rapid evaluation 
of the frequency difference, by addition only, with 
high accuracy. While the dials are marked as 
described, the actual frequency range is 0-5000 
cycles. 

The linear scale of this oscillator also makes it 
useful for other types of work where accurate fre¬ 
quency increments are desired. 

The oscillator is of the beat-frequency type, with 
the radio-frequency oscillators operating in the re¬ 
gion of 45-50 kc. The circuits arc designed for 
exceptional stability of frequency against supply 
voltage changes, tube capacitance changes and tut)e 
replacements. A tube plate-supply regulator is then 
employed as a further safeguard. 

The variable-frequency oscillator frequency is 
controlled by a precision variable air condenser; the 
fixed oscillator frccjuency by a fixed air capacitor. 
The inductors of both oscillator circuits are wound 
on ceramic forms and are shielded, effectively elimi¬ 
nating unwanted coupling and reducing the effects 
of changes in ambient temperature. 

An output voltmeter is provided that can also be 
used as a beat indicator for matching the oscillator 
output frequency to an unknown audio frequency. 
Individual controls are provided for the oscillator 


output and unknown frequency voltages in order to 
secure the maximum beat amplitude at any level. 
The oscillator output voltage is practically constant 
over the whole range of frequency. 

The fixed oscillator is provided with a switch 
which permits changing the frequency exactly 5000 
cycK's By thus changing the frequency the oscil¬ 
lator can be fitted with a scale reading 5000-10,000 
cycles. W’hen measuring an unknown frequency 
lying below the standard frecjucncy, the beat fre¬ 
quency need not be subtracted from the standard 
frequency to obtain the unknown frequency. In¬ 
stead the 5000-10,000 cycle scale is used and the 
reading is added to the fre(|uency at the next lower 
standard frequency harmonic. 

For measuring very small fre(|uency increments, 
two direct-reading incremental fre(iuency dials (one 
for the 0-5000 scale and one for the 5000-10,000 
cycle scale) are provided. 

8-1 Ic. Type 1108-A Coupling Panel —This 
coupling panel is designed specifically for use as 
the centralized control panel in a frequency measur¬ 
ing equipment employing a type 1100-AP primary 
frequency standard (or type 1100-AQ secondary 
frequency standard). The panel carries the neces¬ 
sary switches and volume controls for all operations 
in making frequency measurements. 

The instrument contains the following controls: 
FREyuENCY METER, for Selecting and combining the 
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Fig. 8-19. Block diagram of the General Radio 1107-A interpolation oscillator. 
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Fig. 8-20. Block schematic diagram of the type 1100-A 
comparison oscilloscope. 


frequency meter outputs of 1106-A, 1106-B and 
1106-C heterodyne frequency meter sections; 
STANDARD FREQUENCY HARMONIC Selector, Selecting 
100-kc or 10-kc harmonic outputs, or combination; 
individual volume controls; detector selector, for 
selecting input and output circuits of 1106-A, 
1106-B, 1106-C or an external detector (or re¬ 
ceiver) ; an on-off switch and volume control for 
frequency being measured; microdial switch; tel- 
SPEAKER switch for transferring between telephones 
and speaker and between detector and interpolator 
outputs. 

8^1 Id. Type llO^A Comparison Oscilloscope 

—This instrument is particularly intended for use 
with a type 1100-AP primary frequency standard 
(or type 1100-AQ secondary frequency standard) 
as an aid in making interpolations or checking cali¬ 
brations with high accuracy. With such standards 
and associated measuring equipment, the type 
1109-A comparison oscilloscope provides a con¬ 
venient means of measuring audio and carrier fre¬ 
quencies, or of calibrating oscillators in these fre¬ 
quency ranges. 

The type 1109-A comparison oscilloscope contains 
a 3-inch, radial deflection cathode-ray tube and its 
power supply. Selective amplifiers with power 
supply, phase-shift net-works, and controls are pro¬ 
vided for obtaining circular sweeps at frequencies 
of the power line, and 0.1, 1, and 10 kc from the 
frequency standard, and at variable frequency ob¬ 
tained from the type 1107-A interpolation oscillator. 
A radial deflection amplifier is provided, for dis¬ 
playing the input signal on the circular sweep base. 
Switching is provided for .selecting the sweep fre- 
(|uencics and for selecting any one of the .several 
operations normally involved in making frequency 
measurements or calibrations. 

The general use of circular sweeps provides sym¬ 
metrical and readily interpretable patterns. 

By overloading the deflection amplifier it is pos¬ 
sible to identify easily frequency ratios involving 
much higher integers than can be identified in 
Lissajous patterns. 

Ordinarily in the use of calibrated oscillators, it 
is not neces.sary to identify a pattern, it is only 
necessary to adjust the oscillator so that the pattern 
stands still. A sy.stem of known frequencies is 
easily established on the basis of the type of pattern 


obtained. When used on base frequencies 10 or 
100 times higher, the same types of pattern corre¬ 
spond to frequencies just 10 or 100 times higher 
than the original .system of known frequencies. 

8-12. Microwave Frequency Standard —Figure 
8-21 shows a block schematic of the microwave 
frequency standard used by the Central Radio Prop¬ 
agation Laboratory at the National Bureau of 
Standards, Washington, D. C. This equipment is 
employed to generate standard microwave freiiiien- 
cies and to make microwave frequency measure¬ 
ments, tests and calibrations. All frequencies are 
derived from, or measured directly, in terms of the 
National primary standard of frequency, the abso¬ 
lute accuracy of which is known at all times to 
better than 1 part in 100 million. Highly constant 
o.scillators of narrow tuning range are mixed with 
the multiplied standard frequencies making avail¬ 
able an 8-percent bandwidth at output center fre¬ 
quencies of 20.7, 89.1, 267.3 and 801.9 megacycles 
per second. Harmonics of these output freiiuencies, 
generated by silicon-crystal multipliers, give con¬ 
tinuous coverage of the range from 342 to some¬ 
what above 30,000 megacycles per second with a 
known accuracy of 1 part in 10 million or better. 
In this range a total of over 870 fixed frequencies 
of approximately 1-percent separation, entirely 
generated from the primary standard and accurate 
to 1 part in 100 million, are also made available. 
Measurements are normally made at controlled tem¬ 
perature and humidity in a shielded room. Absolute 
accuracy of calibration is usually considerably less 
than that of the reference frequencies, being limited 
by the operating band-pass characteristic and dial 
mechani.sm for frequency meters, or by the short 
time frequency changes of oscillators under test. 

Detailed descriptions, circuit diagrams and photo¬ 
graphs of the individual units will be found in Re¬ 
port CRPL-8-1, 9-4. The following are brief ex¬ 
cerpts of interesting features of this equipment. 

8-12a. The Frequency Generating Equipment- 
General Coverage System— 

“The method by which other standard frequencies are 
derived from the primary frequency standard may be 
seen by reference to the block diagram in Figure 8-21. 
The standard frequency, 100 kilocycles per second, is 
multiplied to a very-high or ultra-high frequency and 
then impressed across a silicon-crystal rectifier, the har¬ 
monics from which are selected to give the desired micro- 
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Fig. 8~21. Flock schematic of microwave standard fre<|tu’ncy equipment at National Bureau of Standards. 


wave standard frequencies. Continuous coverap^e is ob¬ 
tained by adtlinf*, in a frequency converter, the output 
of precision, adjustable-fretjuency oscillators to the out¬ 
put of one of the multipliers and then continuing the 
multiplication. 

“Referring to Figure 8-21 this process may be traced 
through in detail. The 100 kilocycle per second is first 
multiplied to 7500 kilocycles per second by conventional 
multipliers with sufficient filtering to reduce, to a very 
low value, all spurious side-frequencies and harmonics 
in the desired output. The resultant frequency is added 
to the output of oscillator A or B and then tripled to 
the 28.5 to 30.9 megacycle per second range. Each of 
the precision oscillators A or B is adjustable over the 
range shown, with 8000 dial divisions and a very linear 
scale. After further multiplication, the final frequencies 
are obtained for application to the crystal-rectifier har¬ 
monic generators. The same types of crystals are u.sed 
in the different ranges of frequencies for harmonic gen¬ 
erators as arc normally used as mixers or converters in 
receivers for these same frequency ranges. The fre¬ 
quencies available at points 1), E, and b' arc generated 
by multipliers using 829B, 832A, and 2C40 tubes, re¬ 
spectively, and giving adjustable output levels as high 
as 2, 2, and 1 watts. Multiplier circuits are of the ordi¬ 
nary lumped-constant type except for the output circuit 
of the 270 megacycle per second multiplier which uses 
parallel lines and the 810 megacycle per second multi¬ 
plier which uses a butterfly circuit. 

“It is seen that about 25 percent of the frequency 
stability of the output is derived from oscillators A and 
B, while 75 percent is derived from the primary fre¬ 
quency standard. However, the instantaneous frequency 
of A or B may be determined by means of the usual 
calibrating equipment shown to the right in the block 
diagram. This equipment also serves to monitor the 
frequency of oscillator A or B if it is desired to main¬ 
tain a given frequency over a period of time.” 

8~12b. Crystal Multipliers —The use of silicon- 
crystal rectifiers of the scries 1N21, 1N23, 1N26, 


or other types to generate high harmonics from the 
standard frequency outputs at 30, 90, 270, and 810 
megacycles per second simplifies considerably the 
measurement of microwave frequencies. These 
rectifiers, however, have certain limitations which 
must be considered when used in this manner. 

Since the power output on any particular har¬ 
monic is very low (the order of microwatts), it is 
necessary to work the crystal rectifier at very nearly 
the maximum power input it will stand under con¬ 
tinuous operation. This power is of the order of 
0.1 to 0.5 w'att, depending on the type and condi¬ 
tion of the crystal being used. Crystal input im¬ 
pedances generally range from 100 to 500 olims. 

8-12c. Spectrum Analyzers —S])ectrum ana¬ 
lyzers of several types arc available, but all arc 
essentially high-gain receivers of the “panoramic” 
type with cathode-ray tubes as indicators. The 
local oscillator is frequency modulated by a .saw¬ 
tooth fre(|uency in synchronism with the sweep fre¬ 
quency of the oscillator tube, allowing one to ob¬ 
serve the response of signals wdthin the range cov¬ 
ered. As no image rejection is employed ahead of 
the crystal frequency converter, an indication will 
appear when the local oscillator is either lower or 
higher than the received signal by an amount e(|ual 
to the intermediate amplifier frequency. Most of 
the analyzers may be adjusted from zero sweep 
width to a value wide enough to show both responses 
as the local oscillator is swept Provision is also 
made, through a video amplifier driven by rectified 
converter-crystal current variations, for* observing 
the “mode” adjustments or sweep range of the 




















242 


RADIO MANUAL 


m 



Flo. 8“22. Spectrum analyzer, frequency meters, and crystal multiplier 8S00 to 10,000 me. 


klystron local oscillator. By matching: pips on this 
curve, an approximate calibration of freiiuency 
meters may be made. 

Frequency Monitors for Standard Broad¬ 
cast Stations —The remainder of this chapter is 
devoted to descriptions of commercially available 
frequency monitors of the type employed by broad¬ 
cast stations in the standa’*d broadcast band. The 
Tules and rejjulations of the F.C.C. reejuire that the 
licensee of each standard broadcast station shall 
have in operation at the transmitter a frequency 
monitor independent of the frecpiency contiol of the 
transmitter. This frequency monitor shall be ap¬ 
proved by the F C C. and must have a stability and 
accuracy of at lea'^t five paits pei million. 


The ftequency monitors described on the follow- 
inp pajres meet all F.C.C requirements. The de¬ 
scription of these instruments has, for the most part, 
been taken from the instructions and other literature 
supplied by the manufacturer. 

8~14. General Radio Type 1181--A Frequency- 
Deviation Monitor —The General Radio type 
1181-A frequency-deviation monitor has been de- 
sij^ned for use by broadcasting^ stations operating? in 
the 500 to 2000 kc frequency band to enable them 
to comply with the frcciuency tolerance specifications 
of the F.C.C. and of similar commissions in other 
countries. This monitor reads freijuency deviations 
directly in cycles and meets the specifications of the 
F.C.C. for broadcast frequency monitors. 


VOLTAGE FROM 
TRANSMITTER 

ft Af 



Fig. 8-23. Functional block diagram of the General Radio type 1181-A 
frequency deviation monitor. 
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Fig. &-24. Elementary schematic diagram of the General Radio type 1181-A frequency deviation monitor. 
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8*14a. Principle of Operation —A functional 
block diagram of the type 1181-A frequency- 
deviation monitor is shown in Fig. 8-23. The 
standard of frequency against which the transmitter 
is monitored is a piezo-electric oscillator whose fre¬ 
quency differs from the assigned channel frequency 
of the transmitter by exactly 1000 cycles per second. 
A voltage derived from this oscillator and a voltage 
of the transmitter carrier frequency are applied to 
a vacuum-tube detector where the difference fre¬ 
quency (1000 cycles plus or minus the deviation of 
the transmitter) is produced. This audio frequency 
is then amplified and passed through a clipper stage 
to produce a scjuare wave of constant peak-to-peak 
amplitude. 

The square wave is then fed to a frequency meter 
which reads zero (mid-scale) when the beat fre¬ 
quency is exactly 1000 cycles. It indicates the devi¬ 
ation from 1000 cycles over a range of i 30 cycles. 
Jt is calibrated to read directly in cycles dcvic'ition. 

The voltage from the transmitter can be either 
modulated or unmodulated, since modulation will 
have no effect upon the operation of the instrument. 
Consequently, it is not necessary to couple the moni¬ 
tor to the crystal buffer stage. The monitor input 
is obtained from the modulated transmitter output, 
and the r-f power required to operate the monitor 
is so small that only a simple pick-up antenna is 
needed; usually a few inches of wire is adequate. 

8-14b. Circuit Details —An elementary sche¬ 
matic diagram of the type 1181-A frequency- 
deviation monitor is shown in Figure 8-24. The 
type 376-L quartz plate used in this monitor has a 
low temperature coefficient of frequency (less than 
3 parts per million per degree centigrade over the 
normal oj)erating range). The plate is mounted in 
a dust-proof, air-gap type holder which imposes 
very little restraint upon its vibration. This as¬ 
sembly is mounted in a temperature-controlled cham¬ 
ber operating at 60'’ C and is thermostatically 
controlled. 

The crystal-controlled oscillator is of a type de¬ 
veloped in the General Radio laboratories specifi¬ 
cally for use in standard frequency oscillators where 
a high degree of stability and reliability are re¬ 
quired. It differs from older types of crystal o.s- 
cillators in that no inductance coil is used in the 
frefjuency-detcrmining system. The crystal oper¬ 
ates much nearer to its true resonant frequency ^an 
is possible in older circuits, and consequently much 
better stability is obtained. 

A jack is mounted on the panel to provide a 
means of inserting a millianimeter to check the plate 
current of the oscillator tube. 

An r-f amplifier which increases the input sensi¬ 
tivity couples the transmitter input to the mixer and 
detector and also acts as a buffer amplifier. 

The diode detector followed by a stage of audio¬ 
frequency amplification is used to produce a beat 


note resulting from the difference in frequency be¬ 
tween the monitoring oscillator frequency and the 
transmitter frequency. The operating conditions 
are given in the following table: 


Crystal 

Frequency 

Transmitter 

Deviation 

Audio Beat 
Produced 

Meter 

Readst 

Low Side* of 

-30 

970 

-30 

Carrier or 

-20 

980 

-20 

/o-lOOO 

0 

1000 

0 


-h20 

1020 

4-20 



1030 

4-30 

High Side of 

-30 

1030 

-30 

Carrier or 

-20 

1020 

-20 

/o+lOOO 

0 

1000 

0 


4-20 

980 

4-20 


4-30 

1 

970 

-h30 


* This is the general case. 

t I’olarity of d-c indicating meter arranged at factory to 
give proper direction to meter reading. 


To check the amplitude of the monitoring- 
oscillator output voltage, the diode detector current 
is indicated on the panel meter when the crystal 
CHECK switch is depressed. A reading above the 
red line on the meter scale indicates normal opera¬ 
tion. The plate circuit of the carrier-frequency 
buffer amplifier is opened by the action of this 
switch. 

A duplex diode-triode is used as a clipper and 
limiting amplifier to produce a scpiare wave of 
constant peak-to-peak amplitude from the audio¬ 
frequency signal. 

The presence of an audio signal is indicated by 
a SIGNAL pilot lamp on the panel, and also by the 
illumination of the meter. A thyratron tube is used 
for control, and will cause these lamps to glow at 
normal brilliance when a signal is present and ex¬ 
ceeds a predetermined minimum amplitude. When 
no signal is present, but the circuit is otherwise 
operating properly, the lamps will glow very dimly. 

The square-wave voltage is applied to a power 
amplifier, the output of which is coupled to the 
meter circuit by a transformer. 

The meter circuit consists of a full-wave differ¬ 
ential diode voltmeter, which indicates the potential 
difference between the midpoints of two series reso¬ 
nant circuits. Circuit constants are such as to 
cause equal potentials to exist at exactly 1000 cycles, 
since the two circuits are resonant, one above, and 
the other below, this frequency. Any deviation 
from this frequency will cause the current through 
the meter to assume a direction and amplitude di¬ 
rectly proportional to the direction and magnitude 
of the frequency change, over the normal range of 
± 30 cycles deviation. 

Internal voltage regulators permit stable operation 
over a wide range in supply-line voltages, and re¬ 
move effects due to voltage transients. 
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8-14c. Specifications 

1. Frequency range, ± 30 cycles. 

2. Accuracy, When received, ± 10 parts in 10®; 
adjustments are provided to bring the reading into 
agreement with monitoring station measurements. 

3. Frequency stability, ± 1 part in one million. 

4. R-f sensitivity, 100 millivolts at input ter¬ 
minals. 

5. R-f input. May be modulated or unmodulated. 

6. Input circuit, High-inipedaiice input circuit. 
Short, single-wire antenna is ade(iuate for most 
installations. 

7. Power supply, 105 to 125 or 210 to 250 volts, 
50 to 60 cps. 

8. Power input, 125 watts, maxiniuni. 

9. Dimensions. 19 inches wide by 15% inches 
high by 12 inches deep. 

8-14d. Installation 

1. Mo^oiting, The type IISNA frequency- 
deviation monitor is designed for mounting in a 
standard 19-inch relay rack. Tlie relay rack should 
be grounded; if no rack is used, the monitor should 
be grounded. The “G’^ binding post of the r-f 
INPUT can be used for grounding the instrument. 

Do not mount the monitor in relay racks or cabi~ 
net racks above pozver rectifiers or other equipment 
generating large amounts of heat. Improper func¬ 
tioning of the temperature-control system will result. 

2. Quarts Plate, The (juartz plate is shipped in 
place in the temperature-controlled heater hox and 
should be ready for operation when the instrument 
is received. check whether the (juartz ])late is 
properly plugged into the jack mountings in the 
iieater box, remove the wooden cover of the heater 
box at the rear of the instrument by pulling the 
spring cover clamps upward. Then open the cover 
of the inner aluminum case which is held by two 
slotted thumb screws, one on each side. 

3. Thermometer, Thermostat, and Tubes. The 
thermometer is packed separately in the rear com¬ 
partment of the instrument and should be unpacked 
carefully and placed in the thermometer hole be¬ 
hind the window on the front panel. 

All tubes and the thermostat are shipped in place 
so it is only necessary to check that they are prop¬ 
erly seated in their sockets. 

4. Coupling to Transmitter. Coupling to the 
transmitter need not be very close. A very short 
single-wire antenna in the room should pick up suf¬ 
ficient signal with which to operate the monitor. 
About 100 millivolts is required. The antenna is 
connected to the ungrounded r-f input terminal at 
the left rear of the instrument. The standard 
R.M.A. monitoring-output connection can be used 
on transmitters so equipped. 

8-14e. Operation 

1. Temperature Control. Throw the power 
switch ON and the monitor switch to off. The 


red HEAT buirs-eye should light immediately, as 
well as the red one at the low’er right of the panel. 

To test the operation of the heat-control circuit, 
short-circuit the thermostat temporarily. The relay 
should open and the red heat lamp go out. A 
fusible link is provided which melts and opens the 
heater circuit if the temperature becomes excessively 
high due to relay or thermostat failure. 

The heat will remain on for about a half an hour 
before the thermostat begins to operate. After 
al)out an hour, the thermostat will cycle so that the 
heat is on (indicator lamp lighted) about 50 sec¬ 
onds and heal off (indicator lamp out) about 160 
seconds at ordinary room temperature (70° to 80° 
K). A period ol about four hours is retpiired be¬ 
fore the inner icmperature reaches its final value. 
When proi)er operating temperature has been 
reached, the thermometer shouhl read 60.0 ± 0.3° C. 

2. Crystal Oscillato). Adjust the screw on meter 
case until the meter reads zero. Throw the moni¬ 
tor switch ON and allow about a minute for the 
tube Uj stabilize. Depress the check crystal but¬ 
ton to the right of the meter on the panel. A de¬ 
flection of the meter to the right indicates that the 
crystal is oscillating. 'J'his deflection should be at 
least to the red line at 15 on the meter. 

A jack, engraved o.sc. current, is provided at 
the lower left-hand corner of the panel. A 0-25 
ma d-c meter plugged into this jack will indicate 
the anode current of the crystal oscillator. The 
meter will read between 6 and 9 ma when the crystal 
is oscillating and approximately 15 ma when the 
crystal is not oscillating. 

3. Input Signal Level. The red signal pilot 
lamp and the illuminating lamps are connected in 
the same circuit and the meter should be at full 
brilliance. If they are very dim or flicker badly, 
insuflicienl signal is being picked up from the trans¬ 
mitter. About 100 millivolts at the input terminals 
will be sufficient for proper operation. The instru¬ 
ment will operate properly over a range of 0.1 to 
25 volts carrier inj)ut. J f single-frecjuency modula¬ 
tion at multiples of 60 cycles is used, the lamps may 
flicker at a low frequency because the modulation 
frequency is beating with the power-line frec|uency. 
Normal program modulation w'ill not cause the 
lamps to flicker, unless the carrier input signal is 
too low. 

4. Meter Reading and Transmitter Deviation. If 
the transmitter frequency is within 4; 30 cycles of 
its assigned value, the meter will indicate the fre¬ 
quency deviation in cycles per second. Should the 
transmitter be more than ± 30 cycles and less than 
about ± 360 cycles off frequency, the meter pointer 
will be off scale. If the station is more than ± 360 
cycles off the assigned frequency, the meter may 
read on scale, but the indication will be false. The 
station should be adjusted as closely as possible 
before using the dezdation meter. Should *there be 
any doubt as to whether or not the station is ap- 
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proximately correct, i.e. within 30 cycles, plug a 
pair of phones into the jack marked tel. on the 
right of the panel. The tone heard should be 
1000 ± 30 cycles. This may be checked against a 
1000-cycle tuning fork or a calibrated audio 
oscillator. 

A ZERO SET adjustment is provided under a snap 
button on the panel located near the meter. By 
means of this adjustment the point of zero fre¬ 
quency deviation, as indicated by the meter, can be 
changed. Slight differences between operating and 
calibrating temperatures, rough handling in ship¬ 
ment, or slight aging effects may shift the operat¬ 
ing frequency of the quartz crystal in the monitor¬ 
ing oscillator. The zero set permits the operator 
to bring the indication into exact agreement with 
measurements made by government or commercial 
monitoring stations. 

Example: Suppose the average of a number of 
measurements indicates that the station frequency 
is 10 cycles high. The zero set is adjusted until 
the meter reads -f- 10 cycles high, which makes the 
monitor agree exactly with the measurements. If 
the monitor is then left alone, and the station fre¬ 
quency adjusted until the deviation meter reads zero, 
the station will be exactly on frequency as deter¬ 
mined by the agency making the measurements. 

5. Stand By. When the transmitter is not oper¬ 
ating, the frequency monitor should be turned off 
by throwing the monitor switch to off. This will 
allow the tube circuits to be shut off without dis¬ 
turbing the operation of the heat-control system on 
the crystal oscillator. The switch marked power 
controls the entire instrument and should not be 
used unless the unit is to be taken out of operation 
for an extended period. 

8-14f. Tube Replacements —The following 
tubes may be replaced without affecting the over-all 
performance of the instrument in any way. 


V-1 RCA Type 6SJ7 

V-2 RCA Type 6AC7 

V-5 RCA Type 6AC7 

V-^ RCA Type 6SQ7 

V-7 RCA Type 6SJ7 

V-10 RCA Type 5V4-G 

V-11 RCA Type 6B4-G 

V-12 RCA Type 6SJ7 

V-13 RCA Type 0C3/VR105 

V-3 and V-4 can be replaced without producing 
a serious error, but some selection is desirable for 
the best results, as follows: 

(a) Remove the rear Jones plug from the ext. 
meter receptacle at the rear of the monitor. 

(b) Set the mechanical zero adjustment on the 
meter. 

(c) Remove the connections to the r-f input and 
short circuit these terminals. 

(d) Replace the Jones i)lug and adjust the zero 
set control on the panel. If the zero set control 
has been previously used to compcn.sate for a fre¬ 
quency drift in the crystal frequency, note the 
original reading before replacing the tubes, and then 
set to the same value when setting the zero set 
control. 

If V-8 (6SQ7) or V-9 (6V6) arc replaced, the 
electrical meter circuits may be affected somewhat. 
7'he maximum errors encountered by direct tube 
substitution will not exceed ± 8 percent of the indi¬ 
cated reading, or ± 6 percent of the indicated read¬ 
ing, respectively. These are maximum possible 
variations. It is good practice to replace the tubes 
with tubes of the same manufacturer as are origi¬ 
nally supplied with the instrument. This will mini¬ 
mize the possibilities of introducing errors. 

When replacing V-14 (2050), the operation of 
the SIGNAL lamp circuits should be checked. This 



Fio. 8-25. Block diagram of the RCA type 311-AB broadcast frequency monitor. 
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may be done by removing the r-f input and shorting 
the INPUT terminals. Adjust the V-14 bias potenti¬ 
ometer clockwise until the signal pilot lamp at¬ 
tains full brilliance; then slowly rotate this potenti¬ 
ometer counterclockwise until it appears to go out. 
Leave the potentiometer set at this position. 

8-14g. Vacuum Tube Data—There is given in 


the following table a listing of tube voltages meas¬ 
ured from socket pins to ground using a 20,000 ohm- 
per-volt test meter. These measurements were 
made with the monitor operating normally at a line 
voltage of 115 volts, 60 cps with no r-f signal ap¬ 
plied. The d-c voltages, except as noted might vary 
± 20 percent from the values shown. 


Symbol 

Type 



Socket Pm Numbet 



Description 

2 

3 

4 

.s 

6 

8 

V-1 

6SJ7 

6.5(AC) 




165 

2.S0 

Crystal Oscillator 

V.2 1 

6AC7 

6.5 (AC) 



2.2 

165 

280 

Oscillator Amplifier 

V-3 

6116 

6.5(AC) 






Voltmeter Diode 

(See note 1) 









V-4 

6H6 

6.5 (AC) 






Voltmeter Diode 

(See note 1) 









V-5 

6AC7 

6.4(AC) 



1.6 

55 

300 

R-F Amplifier 

V-6 

6SQ7 





195 

6.4 (\C) 

Mixer 

V-7 

6SJ7 

6.4(AC) 

0.3 

fo.to \ 

\(-|-gnd) j 

03 

47 

185 

A-F Amplifier 

V-8 

6SQ7 





165 

6.4(AC) 

Clipper-Limiter 

(See note 2) 









V-9 

6V6 

6.5(AC) 

250 

230 


250 

16.0 

Stjuare-Wave Amplifier 

V-10 

5V4G 

/2 to 8 \ 

15 (AC) / 


370(AC) 


370(AC) 

415 

Rectifier 



2 to 7 







V-11 

6B4G 

6.3(AC)[ 

420 


222 



Regulator 



(255 J 







V-12 

6.SJ7 

12 to 7 \ 

\5.3(AC)J 

106 

105 

106 

125 

222 

Regulator 

V-13 

0C3/VR10S 




106 



Regulator 

V-14 

2050 

6.0(\(') 

95 (\C) 



6.9 

1 

Th>ralr()n Control Tube 



Fir. 8-26. Simplified schematic diagram of the RC \ type .^11broadcast frecpiency monitor. 
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Note 1, When the meter reads zero with the monitor 
operating and regardless of whether or not a signal is 
applied, there are no voltage readings ob^inable except 
those of the filaments. However a continuity and re¬ 
sistance check between some of the socket terminals of 
V-3 and V-4 will ordinarily indicate defective compo¬ 
nents in that part of the circuit. The normal resistance 
values are given in the following table. 


From 

Terminal 

TiiIk* 

To 

Terininul 

• Tube 

Ohms 

3 

\'.3 

4 

V-4 

330 

5 

V.3 

8 

V-4 

0.1 Meg 

3 

V-3 

6 

V-3 

47 

6 

V.4 

4 

V-4 

74 

4 

V-3 

3 

V-4 

0.1 Meg 

1 


Note 2. The small values of voltages indicated are 
difficult to measure accurately. The following lists the 
resistance from some of the socket terminals of V--8 to 
ground. 

Terminal Ohma 

2 2 Meg 

3 0 

4 0.12 Meg 

5 0.3 Meg 

6 0.5 Meg 

8-15. RCA Type 311-AB Broadcast Frequency 
Monitor—The type 311~AB broadcast frequency 
monitor provides continuous indication of the devi¬ 
ation of a broadcast transmitter from its assigned 
frequency. It was designed to meet the specifica¬ 
tions of the Federal Communications Commission, 
as set forth in Rule 3.60 and described in Section 15 
of “Standards of Good Engineering Practice.” 

I'he electrical characteristics of the type 311-AB 
broadcast frequency monitor follow: 


a buffer stage of the transmitter, and amplitude- 
limited by V-13 and V-14, is adjusted to have an 
amplitude, at the detector (V-1), of approximately 
fifteen times that of the local oscillator signal. 
This adjustment, which involves the transmitter 
coupling and the R. F. check switch, is fully ex¬ 
plained under “Installation.” The two components 
combine to produce a beat tone. 

The function of the amplitude-limiter or “Clip¬ 
per” amplifier, V-13 and V-14, is to remove any 
program modulation w'hich may be present in the 
signal from a buffer stage and which might other¬ 
wise result in undesirable fluctuation of the indicat¬ 
ing meter due to certain audio components disturb¬ 
ing the metering circuit. 

The local oscillator frequency is approximately 
1,000 cycles below the transmitter carrier frequency, 
producing a detector output with a frequency equal 
to this difference. This output passes through an 
r-f filter network to a broadly tuned 1,000-cycle- 
aniplificr stage (V-2). This stage serves both to 
reduce distortion errors (due to hum modulation on 
the carrier, oscillator wave-form, etc.) and to feed 
an a-f power stage (V-3). The latter is transformer- 
coupled to the series K, L and C circuit of the dis¬ 
criminator (C-13, R-17, R-18, R-19 and L-6). 

The inductive and capacitative elements of this 
circuit (including some series resistance), across 
which are connected the two discriminator diodes 
(V-S), are adjusted to have numerically equal im¬ 
pedances at a frequency very close to 1(X)0 cycles. 
It is evident that, for this audio frequency, the two 
diode currents will cancel in the cycles meter 
(M-1) and produce no deflection. 


Radio-frequency range. . . 540-2,000 kc 

Frequency deviation ranges. . . ... . . =fc 20 and =t 100 cycles 

Range of off-scale indication. . . From — 100 (o —500 cncIcs and +100 to +1,200 cycles, on =fcl00 cycle range 

R-f input voltage. .... 1 to 4 volts (approx. 100-ohm input) 

l*ower supply. . 105-125 volts, 50-60 cycles 

Power consumption (continuous). .. 100 watts 

Additional consumption of oscillator heater.70 watts intermittent 

Accuracy: 

Oscillator frequency stability. +2 parts per million 

Changes of =fc 20% of the r-f input level will produce less than one cycle variation. 

Change of osc'illator freciuency with a ± 5% line voltage variation and 25° C ambient temixirature variation 
0.5 p.yts pi^r million (total). 

Approximate maximum change of deviation indication, in the audio system, due to a ±5% line voltage varia¬ 
tion and a 25° C ambient temperature variation as follows: 

1.2 cycles (total) near zero deviation. 

1.7 cycles (toUil) at 100 cycles deviation. 


The principle of operation is indicated by the 
block diagram of Figure 8-25 and is shown more 
completely by the simplified schematic diagram of 
Figure 8-26 and the complete schematic of Figure 
8-27. It may be described briefly as follows: 

Local oscillator signal from V-7, controlled as to 
amplitude by the A VC bias on the oscillator ampli¬ 
fier (V-8, 9 and 10), is supplied to the detector 
(V-1) as the smaller of the two r-f components. 
The other component, a carrier signal obtained from 


When the transmitter carrier deviates from its 
assigned value, producing an a-f above or below 
1000 cycles, different voltages will be supplied to the 
two diodes (V-5), resulting in an unbalance current 
in the cycles meter (M-1). The latter is a zero- 
center instrument, and is calibrated in cycles HIGH 
or LOW from assigned carrier frequency. 

In order to obtain satisfactory scale spread on the 
CYCLES meter, and to hold the deviation calibration, 
it is necessary to maintain constant current in the 


















Fig. 8—27. Schematic circuit diagram of the RCA type 311-AB broadcast frequency monitor. 
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R, L and C discriminator circuit. The A VC cir¬ 
cuit, obtaining^ voltage from the resistive elements 
(R-17, R-18 and R-19) of this discriminator cir¬ 
cuit, controls the amplitude of the local oscillator 
signal at the detector (and thus the a-f amplitude) 
so as to maintain substantially constant current in 
the discriminator circuit over the deviation range. 
A manual control ('R-25), in the bias circuit, is also 
provided for resetting this a-f level for accurate 
readings of deviation. 

The crystal oscillator is adjusted, at the factory, 
to a frequency 1000 cycles below the transmitter's 
assignment. After installation, however, a trans¬ 
mitter frequency check should be obtained and the 
trimmer (C-21) on the monitor oscillator adjusted 
so that the meter indicates the measured deviation. 
When the transmitter is exactly on frequency, the 
a-f beat tone will then be within several cycles of 
1000 cycles, and the meter will indicate zero 
deviation. 

The crystal for the local oscillator is mounted in 
a special type holder which tends to minimize the 
effects of jar and vibration. 1'his is mounted in 
a double heat box, which practically eliminates the 
effects of normal ambient temperature variations. 
The inner box is controlled by a low-differential 
mercury thermostat ('A-2), and the relay tube V-11. 
The outer box, which also contains the remaining 
oscillator-circuit components (except the tube), is 
controlled by a bi-metal thermostat (A-3) of high 
.sensitivity. A-4 and A-5 are bi-metal safety cut¬ 
outs which open the heater circuits if, for any 
reason, the box temj)eraturcs should exceed their 
normal values appreciably. 

Operation of the aitdio check switch (S-1) 
places M-1 in scries with the load resistor (R-16) 
of diode V-4, thus indicating the a-f current ampli¬ 
tude in R-17, 18 and 19—or in the discriminator 
circuit. The tap on R-19 is so adjusted, at the 
factory, that true off-frequency indication, on the 
CYCLES scale of M-1, will result if the audio check 
operation produces the specified a-f level indication, 
as marked on M-1. 

The approximate level at which the A VC holds 
the 1000-cycle audio current in the discriminator 
circuit IS adjustable by means of (audio 

ADj.), which alters the amount of fixed positive bias 
(which is “bucked” by the negative A VC bias from 
V-4) on the r-f amplifier. This, in turn, alters the 
amount of audio current required to produce (in 
V-4) tlie negative bias necessary to bring the A VC 
circuit to equilibrium; thus serving as a control on 
the audio level. Since the A VC action is not per¬ 
fect, it is necessary, in making an accurate deviation 
reading, to check the audio level and adjust to the 
proper indication on M-1. 

The DIODE CHECK switch, S-S, is provided for 
occasional checks on matching of the dynamic re¬ 
sistances of the discriminator diodes (V-S) around 


their operating point. This operation makes a 
bridge circuit of the two diodes and their load im¬ 
pedances ; with 60-cycle voltage across one diagonal 
(of proper amplitude to produce normal peak cur¬ 
rent in the diodes), and M-1 across the other 
diagonal. The diodes are then effectively balanced 
by setting R-21 (diode adj.) for zero deflection of 
M-1. S-5 momentarily shorts M-1 during the 

switching operation. 

All controls and check devices which are normally 
u.sed, in obtaining a deviation reading, are located 
on the front panel. These include the power switch 
(S-3), the meter range switch (S-4) (±20 and 
±100 cycles), and three push buttons which indi¬ 
cate, by deflection to certain markings on M-1, 
the following: S-2, the existence of proper r-f 
input level; S-1, correct level of a-f beat signal in 
the discriminator circuit; and S-5, correct adjust¬ 
ment of the DIODE ADJ. control (R-21) in the dis¬ 
criminator diode circuit. Also on the front panel 
are tlie indicating meter (M-1), a circuit-power 
pilot lamp (A-8), pilots A-6 and A-7 showing 
heater operation on the outer and inner crystal- 
oscillator ovens respectively, and a thermometer 
.showing the temperature of the crystal chamber. 

In order to prevent erroneous indication due to 
accidental disturbance of adjustment settings, tlie 
diode balance control (R-21) and the a-f level con¬ 
trol (R-25) are placed on a sub-panel, which is 
accessible through a small door in the front panel. 
Also on this sub-panel are r-f input control (R-1) 
(which is not a critical adjustment), and a tele¬ 
phone jack (J-1) for monitoring the audio tone. 
The oscillator frequency adjustment, the small trim¬ 
mer condenser C-21, is located in the outer heater 
oven, and can be adjusted, by means of a bakelite 
tuning tool, after removing a plug button in the 
rear cover of the oven. 

The small trimmer C-25, located at the rear of 
the small, top chassis, is an adjustment of oscillato * 
voltage supplied to the r-f amplifier. It is properly 
adjusted at the factory and, since its setting has an 
appreciable effect on oscillator frequency, should not 
be disturbed; except, perhaps, in a service operation 
which will be followed immediately by a check from 
a frequency service. This precaution also applies 
to all other components in the oscillator circuit. 

The transformers in the r-f input amplifier (L-10, 
L-11, L-12, L-13, L-14, L-1, L-2) and the oscillator- 
amplifier output transformer (L-3 and L-4) are 
provided with taps which are used, in conjunction 
with C-1, C-2, C-39, C-43, C-49 to cover different 
parts of the r-f frequency range of the monitor. 
The oscillator cathode coil (L-7) is provided with 
similar taps. The ranges of these adjustments are 
outlined under “Maintenance and Service,” but all 
of these circuits are adjusted, at the factory, at the 
particular frequency for which each monitor is 
ordered. 
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The filter comprised of L-8, C-23 and C-24 
serves to eliminate r-f noise generated in the heater- 
relay tube, V-11. 

The two power transformers, T-2 and T-3, are 
each provided with two primary taps to permit oper¬ 
ation over the line voltage ranges of 105-115 and 
115-125 volts. Separate fuses, F-1 and F-2, are 
provided for circuit power and crystal-oven power. 

8-15a. Installation —The monitor is designed 
for mounting in a standard 19-inch rack. The dust 
cover is notched, near the bottom of the side edges 
(which fit against the panel), in order that the 
power cord and r-f input line may be permanently 
attached and passed through these notches; thus 
providing no interference to removal of the dust 
cover. 

A power supply of 105 to 125 volts (preferably 
subject to less than several volts variation), 50-60 
cycles, capable of delivering 175 watts, is required. 
The power transformers, T-2 and T-3, are wired 
at the factory, for 115-125-volt operation. Tf the 
supply voltage does not exceed 115 volts, the power 
input circuit should be changed to the 110-volt tap 
on the base of each of these transformers. 

The monitor is unaffected by field strengths which 
would normally exist in an equipment rack. How¬ 
ever, it is recommended that it be placed outside the 
immediate fields of high-power r-f stages or high- 
power rectifiers. 

The crystal unit (A-1), mercury thermostat 
(A-2) and thermometer, which are separately 
packed, should not be installed until the unit is 
mounted in the rack and the following operations 
are completed. 

R-f signal to the input binding posts must be 
obtained from an unmodulated buffer or inter¬ 
mediate stage wbicb has adtHpiate power to permit 
the absorption of about 0.02 watts. Inductive or 
capacitativc feed may be employed, preferably 
through a 70-ohni concentric line, to the r-f input 
terminals on the rear apron. Tf a monitor terminal 
is not provided on the transmitter, a coil of several 
turns and a diameter of several inches, loosely cou¬ 
pled to a suitable tank circuit, should provide ade¬ 
quate signal strength. A high voltage condenser of 
about 100 /jLfii connected to one or more turns above 
r-f ground on a suitable tank coil should also suffice. 
The concentric line preferably should not be 
grounded except at its ends, and should be kept away 
from lines carrying modulated r-f. 

In adjusting the r-f input system, see that the 
crystal unit is not connected, remove fuse F-2 from 
its mounting on the rear apron of the chassis. Set 
the meter range switch to ± 20, the R. F. adj. to 
near mid-position, and turn on the power switch. 
Put the transmitter into operation. Modulator and 
final-stage power are, of course, unnecessary. 
Now push Wton a (S-2) under the meter, and 
vary the transmitter coupling or signal voltage by 
adjusting the pick-up coil or condenser. Observe 


that the meter reading is practically constant over 
a wide range of input voltage, due to the action of 
the limiter stages. Decrease the input voltage to 
zero, and then increase it to a value slightly above 
the point at which the R. F. check reading fails to 
increase appreciably with increasing input. If an 
r-f voltmeter is available, simply set the input be¬ 
tween 1 and 2 volts. In no case should the input 
voltage exceed 4 volts. Now, with button a again 
depressed, set the R. F. adj. so that the meter de¬ 
flects within the red r, f. check region. 

After turning off the circuit power, the crystal 
unit should be installed in the inner box of the 
heat oven. Care should be taken that the contact 
clips, and leads from the crystal to the outer heat 
box, are well spaced from ejich other and from the 
box surfaces. The “high’’ terminal of the crystal 
(the one nearest the top, or name-plate, of the unit) 
must be connected to the stator of trimmer C-21. 
See that the lid of the inner box is securely fastened 
by its four screws. 

The mercury thermostat should now be placed in 
its three retaining clips, which are under, and at the 
left side of, the heavy, inner crystal box. The two 
thermostat leads must be secured to the two screw 
terminals near the lower right-hand corner of the 
inner crystal box, and the spare length pushed be¬ 
neath this box. Sec that the oven doors are closed 
.securely. 

Remove the small cry.stal temp, bezel from the 
front panel and carefully insert the thermometer, 
pushing the graduated leg into its slot. No appre¬ 
ciable force should be required. 

Replace the fuse in the rear apron of the chassis 
(momentarily disconnecting the power cord). Put 
the dust cover in place—with the power cord and, 
if possible, the r-f input line, dressed to come out 
through the notches in its side edges, against the 
front panel. If the r-f line is a heavy concentric 
cable, it may be necessary to run it to the input 
terminals through the hole in the back of the cover; 
and disconnect it each time the cover is removed. 

With the power switch in the “off” position, both 
of the heater pilots should light within 30 seconds 
after plugging in the power cord. Place the meter 
range switch on “i 100,” and turn the power switch 
to the “on” position. The power pilot should light, 
and shortly the meter will deflect—probably showing 
nearly full scale frequency error, because of the 
crystal being far below its normal operating tem- 
l>erature. After about 10 minutes’ warm-up, press 
button B, turn the range switch to “± 20,” and set 
the DIODE ADJ. control for meter deflection to diode 
CHECK (mid-scale). Press button c (with range 
swdtch on “±20”), and set the audio adj. control 
for meter deflection to the audio check mark. 

The monitor should now be left, with all power 
on, for a period of at least 24 hours before any final 
adjustments are made. This is advisable, not only 
in order that the crystal and ovens may reach con- 
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slant temperature, but also to allow all other parts 
of the equipment to reach a stable operating condi¬ 
tion after shipment and installation. After several 
hours the oven heater pilots will start going out 
intermittently and the thermometer columns will 
come into view. 

After this stabilization period, the oven heater 
power should be left on continuously, circuit power 
only being interrupted by the monitor power switch. 
Hence the monitor should be connected to an outlet 
from which the power cannot be cut off. 

Before the monitor may be used for frequency 
logging it must be adjusted finally against a trans¬ 
mitter check from a reliable frequency service. 
Have the monitor power turned on for at least a 
half hour before the check, iind see that it reads 
very close to zero deviation on the ± 20-cycle scale. 
7'his adjustment is made by varying the crystal 
trimmer capacitor in the outer crystal oven; which 
is reached by removing a plug button in the oven 
door and using a low-capacity tuning tool which 
will fit the small slot on the trimmer. Also make 
certain that the R. F. adj., diode adj. and audio adj. 
controls are reset to give proper meter indications 
as previously outlined—pressing buttons a, b and c, 
with the RANGE switch on “4; 20.” The diode 
CHECK and audio check readings should be exactly 
on the line. Also make a record of the “crystal 
temperature” thermometer reading, which should 
remain stable hereafter. 

At the pre-arranged time for the frequency meas¬ 
urement, take the deviation reading of the monitor, 
and, in order to minimize drift errors, get the check 
result and make final adjustment as soon as possible. 
Having received the measurement result, determine 
the monitor error; or find by how much the monitor 
was reading too high or too low at that time. Now 
re-check the three adj. controls, as previously ex¬ 
plained, for a possible new deviation reading. 
Then adjust the crystal trimmer condenser, as pre¬ 
viously explained, so as to change this reading by 
the proper amount and direction to correct for the 
measured indication error. If the change is more 
than a few cycles, the audio adj. should be re- 
checked as this new reading is approached. 

As an example of the foregoing, assume the fol¬ 
lowing conditions: At the time of the measurement, 
the monitor read 1 cycle high. The frequency re¬ 
port showed that the transmitter was 5 cycles high; 
which means that the monitor read 4 cycles too low. 
Therefore, set the crystal trimmer on the monitor 
for a deviation reading of 5 cycles high, thus cor¬ 
recting its 4-cycle error. Then adjust the trans¬ 
mitter for a reading of zero deviation. 

The monitor will now be ready for routine opera¬ 
tion as described in the following section. 

8-15b. Operation —After nroper installation 
and calibration, according to the foregoing instruc¬ 
tions, the following operating procedure should be 
observed. 


Turn the power switch on at least 15 minutes 
before the carrier is to be measured. (The fre¬ 
quency can be measured, of course, before power 
is applied to the final transmitter r-f stages.) Be¬ 
fore taking an accurate frequency reading, the fol¬ 
lowing checks should always be made: (a) see that 
the crystal temperature is at its stable value; (b) 
with the meter range switch on “± 20,” press but¬ 
tons A, B and c for checks on r-f level, diode bal¬ 
ance adjustment and audio level, making any 
change required on the three adj. controls to give 
the exact meter readings. The meter will now 
indicate true deviation in cycles, on either fre¬ 
quency scale. 

The R. F. adj. control should require very little 
resetting, but should always be checked to see that 
the deflection is within the red region. The diode 
ADJ. and AUDIO adj. controls may require slight re¬ 
adjustment at each reading. 

It is recommended that the crystal oscillator of 
the transmitter be retrimmed, as necessary, to keep 
deviation indication within several cycles. If fre¬ 
quent, large readjustments in fre(iuency should be¬ 
come necessary at any time, or if a sudden jump of 
more than the tolerance limit should occur, an inves¬ 
tigation of the cause should be made at once. In 
such situations, there are three possible causes of 
the trouble: (a) the transmitter has changed fre- 
(|uency; (b) the monitor oscillator has changed 
frequency; (c) the audio indicating system of the 
monitor is defective. Of the first two, (a) is the 
more probable cause, since the monitor crystal works 
at a very much lower power level than the crystal 
in a transmitter exciter, and has received special 
precautions for stability. Trouble (c) is probably 
not present if the diode and audio checks can be 
made, but it can be detected by listening to the tone 
from the monitor phone jack and matching it with 
tone from an audio oscillator which has a good fre¬ 
quency calibration (or by checking against any good 
audio reference frequency, such as a tuning fork). 
If the monitor tone is within a few cycles of 1000, 
and the cycles meter shows deviation outside of 
tolerance, then the trouble is in the audio system of 
the monitor. (Possible causes may be found by 
standard test methods and reference to “Mainte¬ 
nance” and the schematic and wiring diagrams 
herewith.) If the monitor tone appears to agree 
with the deviation indication, or if no external ref¬ 
erence frequency is available, then the transmitter 
tuning should be changed, if possible, to give zero 
deviation indication (on the strength of the proba¬ 
bility between causes (a) and (b)), and a fre¬ 
quency measurement should be obtained at once. 

If the monitor should read within tolerance and, 
at the same time, it should be impossible to set the 
AUDIO ADJ. control properly, the audio indicating 
system can again be checked by comparing the tone 
to a good reference frequency. 
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Actual false indication, with all adjustments being 
normal, is possible only when the transmitter is 
between 1900 and 2100 cycles low. This can be 
checked by slightly raising the transmitter fre¬ 
quency. If the transmitter is low by the above 
amount, this change will produce a deflection to¬ 
ward “low^* deviation. For normal conditions, it 
should result in deflection toward “high.” 

Periodic checks of tubes and other maintenance 
precautions arc recommended, as outlined in the 
following section. Certain precautions outlined 
therein with regard to changing tubes should be 
noted particularly, since V-3, V-4, V-5 and V-7 
may have appreciable eflfect on deviation indication. 
Periodic frccjuency measurements, by a reliable 
service as required by the Fetleral Communications 
Commission, are necessary. 

8-15c. Maintenance—Circuit adjustments, other 
than those described under “Operation,” should not 
be required. The oscillator circuit should not be 
disturbed except in the case of failure, and any 
readjustments should be followed bv a frequency 
measurement. The principles of operation of the 
monitor have already been outlined and should be 
evident from the simplified and complete schematic 
diagrams. Checks for localizing the cause of ex¬ 
cessive deviation indication are outlined under 
“Ojieration.” If the monitor should become defec¬ 
tive, it should be possible to locate the failing com- 
]jonent, by standard test methods, using the accom¬ 
panying tube voltage data, and wiring and schematic 
diagrams. 

For power line voltages between 105 and 115, 
connect to the 110-volt taps on the primaries of T~2 


and T-3. For voltages between 115 and 125, con¬ 
nect to the 120-volt taps. 

Under normal operating conditions, the following 
approximate values of signal voltages should occur 
on the circuit elements as listed: 

V“1 cathode, 0.75 volt osc. signal. (With normal 
carrier input. Several volts with no carrier.) 

V~2 grid, 0.25 volt, 1000 cycles. 

V-3 grid, 26 volts, 1000 cycles (use tube volt¬ 
meter). 

V-3 cathode, 10 volts, KXK) cycles. 

V-3 plate, 49 volts, 1000 cycles. 

Across T-1 secondary, 19.5 volts, 1000 cycles. 

V-4 plate to cathode, 8.2 volts, 1000 cycles. 

Across L-6, R-19 and R-18 (in .series), 44 volts, 
1000 cycles. 

Across C-13 and R-17, 47 volts, 1000 cycles. 

V-8 grid, 0.3 volt r-f (approx, for normal carrier 
input). 

V-9 grid, 0.25 volt r-f (approx, for normal car¬ 
rier input). 

V-10 grid, 0.2 volt r-f (approx, for normal car¬ 
rier input). 

The small variable condenser C-25 on the rear of 
the top chassis is set at the factory for proper o.scil- 
lator voltage to the grid of V-8. Since this setting 
has a slight effect on oscillator fre(|uency, C-25 
should not be disturbed except in a via for servicing 
operation which will be follcnved by a frequency 
check. With normal r-f input signal, proper 
“Audio Check” indication and normal gain in the 
oscillator amplifier sy.stem, proper setting of C-25 
is indicated by approximately — 3.5 volts d.c. on the 


D.C. VoLTA(.FS TO ChA.SSIS* 


I ubc 

Catlu»dc’ 

Grid 


Si iwn 

Plate* 

6H6-V-1 

0 

— 


— 

— 15 (dt R-2, with normal r-f signal) 

6SJ7-V-2 

2A3-V-,S 

1.5 

0 


87 

210 

38 

0 


— 
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6H6-V.4 

6 

— 


— 

-4 (with normal r-f signal) 

6F8G-V-5 

IKT2, 62 
\KT1, 6 

GT2, 6 
GTl, -50 


_ 

P'1'2 6 1 • 

prpj’ _^Q>(with normal r-f signal) 

VR150-V-6 

0 

— 


— 

150 

6J5-V-7 

0 

-3 


— 

85 (approx, oscillating value) 

0 



95 

170 \ 

6.SJ7-V-8 

l-0.5t i 

60t 

90t/ 

6SJ7-V-9 

0 



95 

170 \ 

i-0.5t 

60t 

90t/ 

6SJ7-V-10 

0 



90 

180 \ 

\~0.5t 

60t 

90t/ 

2050-V-11 

0.5 

— 


— 

—45 (conducting) 

5T4.V-12 

310 



— 

0 

6SJ7-V-13 

0 

-0.5t 

40t 

120t 

6SJ7-V-14 

0 

-0.5t 

40t 

120t 


KTl—KT21 

1 





GTl—GT2 

H'ube Elements 




PTl—PT2j 

1 




* Tube voltage data (at rated line voltage). The above are approximate operating voltages. The use of an ordinary 
low-resistance voltmeter for measurements will lower some of the above values appreciably, as may be inferred from the 
schematic diagram. * 

t With no r-f signal. 
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plate of V-4 (measured with an instrument of at 
least 50,000 ohms resistance). This will correspond 
to approximately 0.3-volt oscillator signal on the 
grid of V~8. 

It is advisable that all tubes in the monitor should 
be tested periodically. Changing of tubes V-3, 
V-4, V--5, and V-7 may have some effect on a-f 
indication, but the indicated frequency should not 
change appreciably over the useful life of a given 
tube or set of tubes. The possible error resulting 
from these changes may be outlined as follows: 

Change of oscillator frequency due to changing 
oscillator tube, approximate maximum of 3 
parts per million (total). 

Approximate maximum change of deviation indi¬ 
cation, in the audio system, due to tube changes 
are given as follows: 


Tube Total Cycle Variation 

A-F Power Amplifier. 1 

A-F Discriminator Diode . 3 


A VC Diode . 1 cycle near zero deviation 

3 cycles near 100-cycle deviation 

It is therefore advisable that these four tubes 
particularly should be checked periodically and 
changed before they drop below about 80 percent of 
normal rating, and that such changes should be 
made immediately before obtaining a periodic fre¬ 
quency check. If the carrier frequency has shown 
very good stability, these tubes may be changed with 
reasonable safety by noting the change in indicated 
frequency resulting from the tube change, and trim¬ 
ming the monitor oscillator to correct for this pos¬ 
sible change of several cycles. (Always check the 
settings of controls a, b and c, and allow sufficient 
time for warm-up.) In the event of an emergency 
change following failure of one of these four tubes, 
the same procedure can be followed by referring to 
the station frequency log; prm'ided that the log and 
observations indicate that the carrier frequency has 
been quite stable. This, however, is not as safe as 
direct observation of indication change. 

Condenser C-10 and inductor L-5 are adjusted at 
the factory and mounted in a single unit, and cannot 
be replaced individually. These components reso¬ 
nate at approximately 1000 cycles, and the gain of 
the V-2 stage is consequently peaked at this fre¬ 
quency. Measuring the voltage on C-11 with a 
tube voltmeter, the gain of this stage at SOO cycles 
and 2000 cycles should be approximately 20 percent 
of that at 1000 cycles. 

Inductor L-6 and condensers C-13 and C~13A 
are also adjusted at the factory to give zero indica¬ 
tion at 10()0 cycles. In the event of trouble with 
any of these units, it would be necessary to return 
the complete instrument to the factory for readjust¬ 
ment, or to make the replacement according to the 
following procedure: If C-13A (this may be two 
molded condensers in parallel) only should fail, 
note the values stamped thereon and order corre¬ 


sponding units. C-13 and L-6 are stocked in 
matched pairs. If either one of these should fail, 
both must be replaced; and a new value of C-13A 
will very probably be required, making it necessary 
to order all four of the units. After installation 
of L-6 and C-13, connect a source of 1000-cycle 
signal (which should be accurate within about one 
cycle, and should contain not more than about one 
percent distortion) to the grid of V-2. Adjust the 
amplitude of this source until the monitor meter 
reads on the red “Audio Check” line (with range 
switch on “± 20”) when button c is pressed. Now 
select a value of C-13 A which will make the meter 
indicate within one cycle of zero deviation. This 
may require a selected pair of the four molded con¬ 
densers to be used in parallel. This procedure 
should result in an indication with an accuracy of 
several cycles, but an early frequency check would 
be advisable. 

Any servicing which requires removal from the 
rack or handling of the monitor should be followed 
by a stabilizing period of about 8 hours* operation 
(more if the crystal oven is cold) before making 
a deviation adjustment against a freciuency check. 
The complete set-up procedure and adjustments are 
outlined under “Installation.” 

The oscillator cathode coil L-7 and the r-f coils 
L-2, L-3, L-4, L-11, L-12 and L-13 are adjusted 
at the factory for the operating frequency specified. 
In the event that these adjustments should be 
changed or the monitor used on a new frequency, 
the data on tuning ranges of the various taps, given 
in the following table, will be useful. 'J'he r-f 
tuning condensers are located in the tops of the indi¬ 
vidual coil cans, and can be reached by means of a 
bakelitc-rod tuning tool. L-11, L-12, and L-13 also 
may be tuned by means of their adjustable magne¬ 
tite cores. The terminals referred to appear below 
the chassis, on the lower ends of the coil forms. 
Tuning can be accomplished by means of the “R. F. 
Check** procedure, and adjusting for maximum indi¬ 
cation. It is necessary to tune with reduced r-f 
input voltage, however, in order to prevent masking 
of the tuning by the AVC action of the “Clipper** 
amplifier. With the r. f. adj. at about % maximum 
and the meter on ± 20 range, the input voltage 
should be set, in each tuning operation, to produce 
a maximum deflection of about 4 on the ± 20 scale. 

Make the connections and adjustments indicated 
in the table above for the desired frequency. Re¬ 
move the oscillator tube (V-7) and tune L-2 first. 
Then tune L-13, L-12, and L-11 in this order, re¬ 
ducing the input in each case as explained above. 
For the last two adjustments it may be necessary, 
in order to get sufficiently low input, to disconnect 
the r-f line from the monitor and use a short piece 
of wire as an antenna on the r. f. terminal. Now 
remove all r-f input signal from the monitor, replace 
the oscillator tube and tune L-4 for maximum meter 
deflection, which may be only several scale divisions. 
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Tuning Ranges of R-F Coils 



Terminal or Jumper Connections and Tuning Ranges of R-F Coils 


1 

R-F Ampl. Coil 

Clipper Ampl. Coils 

0«c. Coupl. Coil« 

Range in kr 









L 

2 

1 Z.-11. 12 and 13 

1.3 

/. 

-4 





Core, turns “m” 





Jumpei from. 

Jumpei ftom: 

Jumper from: 

fiom max. “out” 

Jumper from: 

Jumper from: 

Jumper irom. 





position 




540- 750 

1 to A 

_ 

C to E 

7 

3 to E 

1 to A 

— 

750-1100 

1 to B 

— 

C to E 

7 

3 to H I 

1 to B 

— 

1100-1550 

1 to C 

__ 

C to D 

4 

3 to H 1 

1 to C 

— 

1550-2000 

1 t(2 D 

A to B 

C to D 

4 

3 to E 

1 to D 

A to B 


'J'liis procedure completes tuning of the r-f ampli¬ 
fiers, and has no effect on oscillator frequency. The 
input voltage should be set as explained in the sec¬ 
tion Installation. For making a change in oscillator 
frequency, the procedure for setting C-21 and C-2S 
is given earlier in this section. The oscillator cath¬ 
ode coil (located in the outer heat oven) is not 
tuned, but in order to obtain a strong crystal funda¬ 
mental component, a tap is selected which is reso¬ 
nant within about 20 percent of the crystal fre¬ 
quency. I'he accomjianying list of jumper connec¬ 
tions in the following table is in the order of in¬ 
creasing resonant frecjuency, and shows approxi¬ 
mate crystal freciuencies for various connections. 


O.scii.i.AioR Coil Connections 


Jumper Connet turns 

Approx. 

Cr> stal Freq. 

1 to: 

8 to: 


open 

open 


2 

open 


3 

open 

540 

4 

open 


open 

7 

600 

5 

OIHTl 


2 

7 


3 

7 


open 

6 

800 

6 

open 


4 

7 

900 

2 

6 


open 

5 

1000 

3 

6 


2 

5 


open 

4 

1500 

3 

5 


2 

4 


open 

3 

2000 


The lowest frequency coil which will give stable 
oscillation should be used. The procedure for final 
adjustment of C-21 and C-25 is given in an early 
part of this section. 

The schematic diagram clearly indicates the oper¬ 
ation of the oven heater circuits. The inner oven 
should regulate at approximately 70® C, and show 


practically no variation. The outer oven should 
regulate at approximately 65° C. Although it 
should require no attention, a screw adjustment is 
provided in the tubular thermostat in the outer oven. 

The operation of the various switching circuits 
should be apparent from the schematic diagram. It 
should be stated, however, that the “Diode Check'' 
switch (S-5) creates a bridge circuit of the two 
diodes in V-5 and their load resistors and con¬ 
densers, with a 60-cycle voltage across one diagonal 
and the meter across the other. This produces peak 
diode currents of the same order as those produced 
by signal, and R-21 is then adjusted for balance 
as indicated by the meter. 

8-16. Western Electric lA and 1C Frequency 
Monitoring Unit—There follows a description of 
the Western Electric lA frequency monitoring unit 
which was designed for insuring the maintenance of 
a broadcast station carrier frequency within the 
tolerance prescribed by the F.C.C. The lA was 
originally designed when the 50-cycle tolerance was 
in force and subsc(|ucntly when the tolerance was 
reduced to 20 cycles the Western Electric Company 
furnished instructions whereby the equipment could 
be converted to meet this new standard. The de¬ 
scription that follows includes the lA and informa¬ 
tion for converting this unit to the 1C frequency 
monitoring unit. 

The No. lA fwqucncy monitoring unit provides 
a means for checking the operating frequency of 
a radio broadcasting station by comparing the fre¬ 
quency of the transmitter with that of a stafile 
crystal-control led oscillator. This reference oscil¬ 
lator is an integral part of the monitoring unit and 
is accurately adjusted to the assigned frequency of 
the station. In addition to the crystal-controlled 
oscillator, the monitoring unit contains temperature 
control equipment for the oscillator, two screen- 
grid radio frequency amplifiers, a detector, a visual 
frequency difference indicator, and complete power 
equipment. The power equipment is arranged for 
operation from a 110-volt, 50- to 60-cycle a-c 
power supply. The unit can be modified for opera¬ 
tion from a 220-volt, 50- to 60-cycle power source. 
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The radio-frequency voltage to be checked can be 
obtained from any stage of the radio transmitter, 
from an antenna near the transmitter, or from a 
radio receiver tuned to the transmitter frequency. 

8~16a. General Description —The principle of 
operation is as follows: The output of the oscillator 
in the monitoring unit and the radio frequency 
voltage from the transmitter are each amplified by 
one of the two radio frequency amplifiers which are 
coupled to a detector having a polarized relay in its 
plate circuit. Since the output of the detector con¬ 
tains a beat frequency equal to the difference be¬ 
tween the two radio frequency inputs, the armature 
of this relay is caused to vibrate, alternately charg¬ 
ing a condenser from the plate voltage supply and 
discharging it through a meter calibrated in cycles 
per second. The circuit is so arranged that this 
meter then indicates directly the difference between 
the frequency of the transmitter and that of the 
reference oscillator. 

I'he reference oscillator (No. 700A oscillator) is 
calibrated as a unit to the assigned carrier frequency 
of the station. A control on the side of the oscil¬ 
lator, which is set at zero on the scale at the time 
of calibration, permits limited freciuency adjustment. 
The setting of this control should not be changed 
unless it is desired to make a small frequency ad¬ 
justment when measurement by a recognized author¬ 
ity indicates the desirability of so doing. The dial 
has an arbitrary scale for reference purposes and a 
careful readjustment to zero should restore the 
original setting of the oscillator frequency. 

The (juartz crystal in the oscillator is maintained 
at a constant temperature by a heater supplied with 
power through a three-element rectifier tube acting 
as a relay. I'he grid voltage of this tube is in phase 
with the plate voltage when the oscillator tempera¬ 
ture is low and current flows into the heater. When 
the crystal temperature reaches the proper value, the 
contacts of a mercury thermostat close applying an 
out-of-phase grid voltage to the rectifier tube, pre¬ 
venting the flow of current into the heater. 

One transformer supplies the necessary power for 
the oscillator and amplifier tubes and another sup¬ 
plies the power for the heater control tube. A full- 
wave rectifier with a suitable filter furnishes the 
required screen, plate and grid voltages. 

8-16b. Installation —1'he No. lA frequency 
monitoring unit can be installed on a desk or table 
or mounted on a standard rack. For rack mounting 
the No. D~95314 shelf is used and the as.sembly 
requires 15% inches of rack space. 

When the unit is furnished for operation from 
a 110-volt, 50- to 60-cycle a-c power supply, the 
primaries of T1 and T3 are connected in parallel 
and the resistance of the rheostat R8 is approxi¬ 
mately 50 ohms. When furnished for 220-volt, 50- 
to 60-cycle a-c operation, the primaries of the 
transformers are connected in series and the resist¬ 
ance of the rheostat R8 is approximately 200 ohms. 


Cords terminated in plugs are provided to connect 
the unit with the a-c power source and the radio 
frequency input. The power supply cord is fur¬ 
nished with a nonpolarized plug. A standard re¬ 
ceptacle that will not accept the polarized radio 
frequency plug should be used in the power supply 
outlet. The receptacle for the radio frequency plug 
should be a General Electric polarity plug receptacle, 
Graybar Catalog No. GE-996 or a similar outlet. 
Care should be exercised that the power supply is 
never connected to the radio frequency input as 
excess voltage will damage the circuit. 

A radio-frequency transmission line from the 
transmitter to the radio-frequency outlet may be run 
in conduit or exposed as desired. A single shielded 
conductor should be used as the transinmision line. 
The copper shield should be grounded and connected 
to the wide contacts on the receptacle. This trans¬ 
mission line should be connected to a source of suit¬ 
able radio-frequency voltage either by direct connec¬ 
tion or by use of a coupling coil. This coil may 
consist of approximately 10 turns of wire on 3-inch 
diameter tubing. The coupling should be adjusted 
to provide two volts or more to assure proper opera¬ 
tion of the frequency monitoring unit. 

When the monitoring unit is installed where the 
field strength is high, the radio-fre(iuency input 
may be obtained from a small antenna wired 
through an opening in the base of the monitoring 
unit and connected to terminal No. 5. With the 
unit operating from an antenna, the red bus wire 
connecting C9 and R17 should be disconnected. 'I'o 
disconnect this lead the front compartment must 
be opened by removing the screws at the corners of 
the panel and the knob on the ini)Ut control. 

The No. lA fre(|uency monitoring unit can be 
operated at a distance from the radio transmitter 
in conjunction with a tuned radio frequency type of 
receiver. When the monitoring unit is operated in 
this manner, the red wire connecting G9 and R17 
.should be disconnected, and a lead connected from 
terminal No. 5 to the grid of the detector tube in 
the radio receiver. This lead should be as short 
and direct as possible to prevent detuning of the 
preceding radio frequency circuit in the receiver. 

To place the temperature control circuit in opera¬ 
tion place the switch Dl, marked primary, in the 
ON position. The cathode of the heater relay tube 
VI should reach a dull red color in about one min¬ 
ute. After this interval has elapsed, the switch 
D2, marked plate, should be placed in the on posi¬ 
tion. When this is done, VI should glow and the 
crystal heater indicator lamp El should light. 

In about one hour the thermostat should reach 
the operating temperature and the lamp should be 
automatically extinguished. After this, the lamp 
should light at intervals of about one minute. A 
period of three hours should elapse after the tem¬ 
perature control circuit is placed in operation before 
any frequency readings are taken. 
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Fi(. 8-28 Rear view of the Western Electric lA frtqutncv monitoring unit showing tlie 700A oscillator in place. 
Tins ecjuipment provides a means for checking the operating frequency of a radio broadcasting station by comparing the 
frequency of the transmitter with that of a stable crystal-eontrolleel oscillator This reference oscillator is an integral part 
of the monitoring unit and is aeeuiately adjusted to the assigned frequency of the station. 


To opcicite the unit, place the power switch lever 
on the front panel in the on position and allow the 
tube cathodes to warm up for about one minute. 
Adjust the control marked voi tage until the obCiL- 
I ATOR PLATE VOI TA(iL voltiiictcr incHcatcs 130 volts. 
The osciLi ATOR (iRiD CURRENT meter should indicate 
between 0 05 and 0 8 nia, showing that the oscillator 
is operating. 

With the radio transmitter in operation, press 
the FREQUENCY DIFFER? NCE buttoii and slowly rotate 
the potentiometci marked input to increase the sig¬ 
nal voltage. When sufficient voltage has been ap¬ 
plied to the amplifier tube, the frequency difference 
will be indicated on the meter providing the differ¬ 
ence between the frequency of the transmitter and 
that of the oscillator in the monitoring unit is be¬ 
tween zero and 75 c\clcs 

If the input control is set at the maximum posi¬ 
tion and no frequency difference reading is obtained, 
press both the frequency difffrfnce and direc¬ 
tion buttons. If an indication has not been ob¬ 
tained previously and the pressing of the direction 
button causes the meter to read, the frequency 
under measurement is exactly the same as that of 
the No lA frequency monitoring unit. 

Failure to obtain an indication may be due to the 
difference frequency being too high for the instru¬ 


ment to indicate or on account of insufficient input 
voltage from the transmitter. 

Aural observation of the difference frequency 
may be made by plugging headphones into the 
jack provided for that purpose. If the difference 
frequency is observable but high, the transmitter 
frequency may be adjusted until the frequency of 
the sound in the headphones is estimated to be 
within the range of the frequency difference meter. 
'J'he headphones should then be removed from the 
ciicuit, as they decrease the sensitivity of the fre¬ 
quency difference indicator, and an observation of 
the meter made by depressing the indicator switch. 
If it is still impossible to obtain a meter indication, 
increase the voltage from the transmitter by closer 
coupling or by lengthening the pick-up antenna as 
the case may be. When a meter indication is ob¬ 
tained, decrease the input by means of the input 
control until the point is reached where the relay 
just ceases to follow. Then increase the input suf¬ 
ficiently to insure steady operation. 

8-16c. Measurements —When the monitoring 
unit has been placed in operation, measurements 
may be made as follows: 

1 Depress the push button marked frequency 
D iF?'?R?.NCF and observe the reading of the meter 
marked frequency difference. 
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NOTOGA OSOLLATOR 

N027IA ANTENNA 

VACUUM TUBE N0.259A. Na27IA N0.259A_ 

1 VACUUM TUBE VACUUM TUBE VNCXAM TUBEHi 



^voltIaci 

500R60CYCI 


, CONCENTRIC UNE 
(if used to CONNECT TO 

transmitter instead 

OF ANTENNA PICKUP) 


TO FILAMENTS or 
_N027IA VACUUM TUBES 

TO FILAMENTS OF 
,..N0259A VACUUM TUBES 

Fig. 8-29. Simplified schematic of W.E. lA frequency monitoring unit. 


2. With the frel)URncy difference button oper¬ 
ated, depress the direction button slowly and ob¬ 
serve the change in the reading of the frequency 

DIFFERENCE llicter. 

The first operation will give the frequency dif¬ 
ference. If the second operation decreases this dif¬ 
ference, the transmitter frequency is low. If this 
operation increases the frefjuency difference, the 
transmitter frequency is high. 

In using a frequency monitoring unit greater 
benefit will usually be obtained by periodically read¬ 
ing and recording the frequency difference than by 
making frequent insignificant adjustments of the 
tran.smitter fre(iuency to make it agree with that of 
the monitoring unit. The statistical records thus 
obtained will show the normal variations of the sys¬ 
tem so that steps can be taken to correct the ab¬ 
normal performance of an individual element before 
serious trouble develops. 

For transmitters having two oscillators, a stati.s- 
tical system may he established by graphically re¬ 
cording at suitalilc intervals the difference in fre¬ 
quency between the oscillators in the transmitter 
and the monitoring oscillator. Three curves should 
be plotted against time as follows: 

A. The frec|uency difference between the moni¬ 
toring unit and oscillator No. 1 in the transmitter. 

B. The frequency difference between the monitor¬ 
ing unit and oscillator No. 2 in the transmitter. 

C. The frequency difference between the two os¬ 
cillators in the transmitter. 

The data for C may be obtained by subtracting 
the values of B from A. 

As a single example, assume that the frequency 
of oscillator No. 1 is 6 cycles higher than the moni¬ 
toring unit frequency and that the frequency of 
oscillator No, 2 is 4 cycles lower than that of the 
monitoring unit. The frequency difference between 


oscillators No. 1 and No. 2 will then be as follows: 

C = A-“B = (6) — (—4) =10 cycles 

The subtraction shows that in this particular case 
the frequency of oscillator No. 1 is 10 cycles higher 
than that of oscillator No. 2. 

If the frequency of one of the three oscillators 
changes abnormally, the three curves will indicate 
which oscillator is at fault. If curves A and C 
begin to change and B remains constant, the fre¬ 
quency of oscillator No. 1 has changed. If curves 
B and C begin to change and A remains constant, 
the frequency of oscillator No. 2 has varied. 

Graph paper, similar to the No. 4117 made by the 
Codex Book Co. of Norwood, Mass., will be found 
satisfactory for plotting the frequency deviations. 
This paper has arbitrary ordinates which may be 
marked in cycles and the abscissae arc labeled in 
months of the year. 

In the case of a transmitter with only one oscil¬ 
lator, the above statistical method may be applied to 
a degree by inserting the spare oscillator in the 
transmitter periodically and checking its frequency 
after at least three hours^ operation. 

When the carrier frequency of the transmitter is 
properly measured and an error in the reference 
oscillator is indicated, the frequency may be reset 
by adjusting the control on the monitoring unit 
oscillator until the frequency difference meter 
registers the measured deviation. To make such 
an adjustment unscrew the plug in the side of the 
monitoring unit and insert a screw-driver in the 
slot provided. 

After the frequency of the monitoring unit oscil¬ 
lator has been set, the frequency of the oscillator 
or oscillators in the transmitter may be made to 
agree with the monitoring unit, thus re-establishing 
the system. 
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8-*16d. Maintenance —The magnitude of the 
undertaking in attempting to maintain constantly 
the frequency of a broadcasting station within 20 
cycles of its assigned value must not be underesti¬ 
mated and that the achievement of such operation 
is largely dependent upon the diligence of the oper¬ 
ating staff and upon the care and intelligence with 
which the station equipment is maintained must be 
appreciated if success is to be had. 

Being precision equipment, the No. lA frequency 
monitoring unit should be handled with care and it 
should be observed at regular intervals to make cer¬ 
tain that the operation is normal. While the main¬ 
tenance is simple, it should be properly attended to 
in a regular manner. 

The oscillator grid current should be observed 
regularly and if it decreases materially, the oscil¬ 
lator tube should be replaced. 

The temperature control circuit will require occa¬ 
sional replacements of the relay tube and indicator 
lamp which are in service continuou‘^ly. The use 
of the relay tube eliminates the hazard of excessive 
temperatures. However, 07i account of the vital 
function of this tube in maintaining the proper fre¬ 
quency of the oscillator, it is imperative that the 
tube employed be in operative condition. Normal 
operation of this tube is indicated by the periodic 
flashing of the indicating lamp on the front of the 
unit and any irregularity in the operation of this 
lamp should be promptly im^estigated. 

After considerable use the contacts on the relay 
may accumulate dirt or wear sufficiently to cause 
erratic readings of the frec|uency difference meter. 
In this case the contacts should be cleaned and ad¬ 
justed. A No. 74D gauge and two No. 340 ad¬ 
justing keys are furnished for relay adjustment as 
follows: 

The total contact travel, that is, the distance 
which the armature travels in passing from a posi¬ 
tion against either contact screw to a position 
against the opposite contact screw should be 0.004 
inch. When the armature is in a position half¬ 
way between the pole-pieces, it should not be touch¬ 
ing either contact. The No. 4 leaf of the No, 74D 
gauge is 0.004 inch thick and should be used for 
gauging the contact travel. The No. 340 adjusting 
key should be used for adjusting the contacts. 

The magnetic air-gap, that is, the clearance be¬ 
tween the stop pins on the armature and either pole- 
piece, with the armature against the opposite pole- 
piece should Ixi 0.010 inch, which corresponds to leaf 
number 10 in the No. 74D gauge. If this air-gap 
is incorrect, the pole-pieces should be readjusted 
using one No. 340 adjusting key to turn the pole- 
piece and the other to turn the lock nut. 

The monitoring unit should be cleaned periodi¬ 
cally with a jet of compressed air or a soft clean 
rag to prevent the accumulation of dust or dirt. 


Note: Before any relay adjustments are made, 
the power switch on the front panel should be placed 
hi the OFF position. 

&-16c. Conversion of lA Unit to 1C Fre¬ 
quency Monitoring Unit —The lA frequency 
monitoring unit may be converted in the field to 
obtain a precision that will meet the latest standards 
of good engineering practice concerning broadcast 
stations by making the changes outlined in the fol¬ 
lowing pages. The following apparatus is required: 

1--.KS-8433 meter 
1—Nameplate per ESA-676779 

In addition to the above the following will be 
required which it is assumed will be supplied by 
the station: 

1—Cathode-ray oscillograph, preferably with input 
amplifiers, the gain of which may be varied 
1—Two-connection telephone plug 
A source of 60 cycles a-c, 2 to 6.3 volts 

The lA frequency monitoring unit nameplate is 
removed by unscrewing the four screws which at¬ 
tach it to the front panel. The 1C frequency moni¬ 
toring unit nameplate may then be screwed in its 
place. The KS-7186 deviation indication meter is 
removed by unscrewing three screws which attach it 
to the panel and the new meter is screwed in its 
place. Connections to the new meter are the same 
as with the old meter. 

As received from the manufacturer the 700B or 
700C oscillators are calibrated for zero deviation 
with the carrier frequency of the station, anti the 
frequency control is set on zero. When used in 
the monitor the control will be offset on the “de- 
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oscillograph 



60 CYCLES 
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Fig. 8-30. Instructions for convension of lA frequency 
monitoring unit to 1C frequency monitoring unit. 
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crease” side of zero to obtain 30 cycles difference 
between its frequency and the carrier frequency. 
The new meter should be calibrated as follows: 

Connect the cathode-ray oscillograph and associ¬ 
ated apparatus as is shown in Figure 8-30. 

The monitor should be in normal operating condi¬ 
tion and current from the transmitter should be 
supplied in the manner outlined in the instruction 
book for the lA frequency monitoring unit. 

1. With switch D4 open, adjust the pointer of the 
meter by means of the screw on the meter so 
that it reads — 30 cycles exactly. 

2. Vary the frequency of the monitor oscillator in 
either direction to obtain 60 cycles difference 
frequency between it and the station carrier 
fre(iuency by comparison with the 60-cycle 
supply on the oscillograph. 

3. Depress fretiuency difference switch D4. The 
meter should read -f- 30 cycles. If it does not, 
adjust condenser C7 until it reads -f 30 cycles 
exactly. The approximate capacitance of C7 
will be 0.1 fii. 

4. Vary the frequency of the oscillator in the 
monitor to obtain 30 cycles difference fre¬ 
quency on the oscillograph. 

5. Depress frequency difference switch D4. The 
meter should then read zero cycles. If it does 
not, readjust the pointer of the meter by means 
of the screw on the meter so that it reads 
exactly zero cycles. This adjustment may be 
necessary because the frequency characteristics 
of the meter may not be exactly linear. If the 
adjustments are carefully made the meter 
should read deviations up to + 20 cycles better 
than i 1 cycle. The meter may be checked at 
other points by varying the frequency of the 
monitor oscillator to obtain the patterns shown 
in Figure 8-30. The corresponding meter 
readings are shown. 


6. While the frequency of the monitor may be 
varied in either direction to calibrate the meter, 
the monitor must be set after the calibration is 
finished so that the frequency of its oscillator 
is — 30 cycles in order that the deviation meter 
will read direction properly. Check or adjust 
the position of the deviation pointer on the 
monitor oscillator so that it is on the “decrease 
frequency” side of zero. As a further check, 
by depressing the frequency direction switch 
Cl3, the pointer will move to the right. 

The calibration of the meter is made by assuming 
that the transmitter frequency deviation is zero. 
After the calibration is finished and the transmitter 
frequency is known to be off frequency by a certain 
amount, adjust the oscillator in the monitor so that 
the deviation is that amount. Then adjust the 
transmitter oscillator so that the deviation is zero. 

With the exception of maintaining the monitor 
oscillator 30 cycles off frccjuency from the carrier 
frequency of the transmitter, the operation and 
maintenance outlined in the lA freejuency monitor¬ 
ing unit instruction book should be followed. The 
frequency deviation is obtained by closing switch 
D4. Check the direction of the deviation of the 
monitor oscillator occasionally by use of the fre¬ 
quency direction switch C13. It should always 
move to the right. 

This completes the conversion for stations using 
Western Electric 70()B or 700C oscillators. If the 
frequency assignment is changed, however, the os¬ 
cillator should be returned to the Western Electric 
Company for replacement of the quartz crystal. 

Stations using 700A oscillators should return 
them to the Western Electric Company for conver¬ 
sion to 700C oscillators to meet the new require¬ 
ments as well as for replacement of the crystals 
when this is necessary. 



CHAPTER 9 


BROADCAST STUDIO AND CONTROL ROOM 
EQUIPMENT 


Radio programs usually originate from a radio 
Studio, although frequently theaters, halls, or other 
suitable places are employed. Radio studios range 
in size from very small rooms, just large enough 
to accommodate one or two persons, to very large 
auditoriums equipped with stages ample in size for 
elaborate productions and, in addition, providing 
seats for a studio audience of several hundred 
persons. 

Associated with the studio are several rooms 
which are actually part of tlie complete studio unit. 
These include the control room, which will be de¬ 
scribed in detail later, and an observation room, 
which is usually provided for the use of the sponsor. 
The control room and observation room are sepa¬ 
rated from the studio by means of double-paned, 
soundproof glass windows, and the program is 
heard in these rooms by means of loud-speakers. 

9-1. Studio Noise—A studio must have a very 
low acoustical noise level in order that extraneous 
noises will not be picked up by the studio micro¬ 
phones. Studios should be sound-isolated from the 
main structure of the building to prevent the trans¬ 
mission of external sounds as well as mechanical 
rumble and vibration into the studio. Equally im¬ 
portant, sound isolation keeps sound within the 
studio, that is, prevents sound originating in the 
studio from being transmitted into adjacent studios 
and causing interference. Sound isolation is usu¬ 
ally accomplished by insulating and separating the 
floor, walls, and ceiling of the studio from the 
main structure of the building by means of heavily 
padded hangers and supports. This results in the 
studio being literally suspended within the building 
structure. Furtlier sound isolation is achieved by 
the liberal use of sound absorbing materials 
throughout the entire studio structure. Air condi¬ 
tioning is usually employed in radio studios, and, 
as this is a potential source of noise, the air ducts 
are lined with sound absorbing material. In addi¬ 
tion, sound filters are placed in the ducts to prevent 
the transmission of vibration through these ducts 
into the studio. 

Sound isolation is maintained at the entrance to 
the studio by means of a sound lock, which is usu¬ 
ally an entrance foyer or hall with an outer door 
leading from the main corridor and an inner door 
leading into the studio. To enter the studio, it is 
necessary to pass through both doors. These doors 
are thick, heavy, well-gasketed, and soundproof. 
The entrance to the control room is often through 
a door located within the sound lock, a desirable 

261 


feature since the sound lock is then also effective 
when passing from the control room into the studio. 

A residual studio acoustical noise level of approxi¬ 
mately 25 db (above the acoustical reference level 
of 10“^® watt per square centimeter) is satisfactory 
from an engineering point of view. Further reduc¬ 
tion of the noise level, if possible, would be quite 
costly and would not be justifiable either technically 
or economically. 

9-2. Studio Reverberation—One of the most 
important characteristics of a room used for radio 
broadcasting, whether it be a studio, an auditorium, 
cr a theater, is its reverberation time. Reverbera¬ 
tion time is the time recjuircd for sound energy to 
be completely absorbed or dissipated, and may be 
defined as the time required for sound energy to 
decrease to a value one millionth (60 db) of its 
original value. 

Reverberation is due to a great many repeated 
reflections of sound waves from the surfaces of a 
room. These are not discrete reflections, as in the 
case of an echo, but rather hundreds of individual 
echos merged together. This reverberant sound 
continues to exist even after the original sound has 
ceased. The reverberation time is a function of the 
size of the room, the material used for the surfaces 
of the walls, floor, and ceiling, and the sound ab¬ 
sorbing ability of all objects within the room. A 
room with hard, reflecting wall surfaces will have 
a comparatively long reverberation time. If the 
walls and ceilings of such a room are covered with 
a material of high sound absorptivity, the reverbera¬ 
tion time will be reduced. 

The reverberation characteristics of a studio must 
be near the correct value for the type of program 
being produced, if the program is to sound natural 
to the listener. ^ For example, little if any reverbera¬ 
tion is present in the open country, as there are few 
surfaces to cause reflections. If a radio program 
is being produced indoors in which the setting is 
intended to be outdoors, the illusion would be en¬ 
tirely destroyed if a large amount of reverberation 
were present, as the listener's mind would immedi¬ 
ately associate the reverberation with an enclosed 
space. Similarly, a church organ or symphony 
orchestra, both of which are normally associated 
with large amounts of reverberation, would sound 
quite ‘*thin” and unnatural if produced from a studio 
with a short reverberation time. 

Radio studios are used for many different types of 
programs, such as dramatic sketches, speeches, 
string orchestras, popular music, and symphonic 
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music. Each type of program requires a studio 
having reverberation characteristics best suited for 
it. In gfeneral, dramatic sketches and speeches re¬ 
quire studios less reverberant than those required 
for musical productions. No one optimum value of 
reverberation can be chosen that will prove entirely 
satisfactory for all types of prog^rams. Figure 9~1 
shows a recommended value of reverberation time, 
at 1000 cycles, for studios of various sizes. The 
upper limit (most reverberant condition) is suitable 
for symphonic programs and other musical produc¬ 
tions normally associated with large amounts of 
reverberation. The lower limit (least reverberant 
condition) is suitable for dramatic sketches or other 
program material where very small amounts of re¬ 
verberation are reijuired. Other programs will find 
their optimum value between the upper and lower 
limit. 

The problem faced in designing a group of studios 
is how to provide reverberation characteristics suit¬ 
able for all types of programs. In practice, several 
methods have been devised to accomplish this. One 
solution is to build some studios with rather high 
reverberation time and others with rather low re¬ 
verberation time. A program is then assigned to 
a studio best suited, acoustically, to it. This method 
is entirely satisfactory technically, but is economi¬ 
cally undesirable as efficient operation requires 
maximum use of each studio unit. Obviously, such 
an arrangement will require the construction of a 
larger number of studios than are actually required. 

Another solution in common use is to construct all 
studios with reverberation characteristics best suited 
for musical productions. Then, when these studios 
are used for dramatic sketches or other programs 
requiring smaller amounts of reverberation, the 
characteristics of the studio are modified by the 
introduction of rugs, drapes, sound baffles, and 


screens, all of which tend to reduce the reverbera¬ 
tion time. This method is satisfactory technically, 
but the constant changing of the studio acoustics 
by this time-consuming and laborious procedure is 
far from desirable. 

In recent years, some studios have been designed 
and constructed in which the reverberation charac¬ 
teristics can be quickly and continuously adjusted. 
This is by far the most desirable solution, as the 
studio acoustics can be exactly adjusted to the 
optimum value for any type of production. Maxi¬ 
mum use is therefore assured from each studio, and 
the possibility of a program being assigned to a 
studio acoustically unsuited to it is eliminated. 


Fig. 9-2. A studio with adjustable acoustics. 
(Courtesy CBS.) 
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Figure 9-2 shows one type of studio employing 
variable reverberation characteristics. Extending 
from the floor to ceiling, over wide areas of the 
studio, are large hollow wooden panels, which have 
been named “acoustivanes.” Each panel is pivoted 
at top and bottom and may therefore be rotated. 
All panels on each wall are ganged together in such 
a manner that they may be rotated simultaneously. 
The position of each wall of panels is controlled by 
means of suitable push buttons located in the control 
room. 

When all the panels are completely closed, an 
unbroken, curved wooden wall is formed, and as 
this surface is of hard wood, the reverberation time 
of the studio is high. When all the panels are 
completely opened, a back wall treated with a sound 
absorbing material is exposed. This large area of 
sound absorbing wall surface thereby exposed re« 
suits in the reverberation time of the studio Ix'com- 
ing quite low. At various mid-positions of the 
panels, between the completely open and completely 
closed positions, various intermediate values of 
studio reverberation time are obtained. 

The advantage of studios with adjustable rever¬ 
beration characteristics is self-evident. Although 
the cost of the original installation may be higher 
than a more conventional studio, this increased cost 
will be offset by the fewer studio units required, 


inasmuch as maximum use will be obtained from 
each studio. In addition, fewer studio units result 
m lower overhead and maintenance costs. 

9-3. Other Studio Acoustic Considerations— 
Although reverberation is perhaps the most impor¬ 
tant consideration in studio acoustics, there is an¬ 
other very important acoustic problem: interference 
between direct and reflected sound waves which re¬ 
sults in the formation of standing sound waves. 
Standing waves are undesirable as they result in 
nonuniform distribution of sound throughout the 
studio. Standing waves usually occur in a room 
with plane wall surfaces and are formed when a 
direct and a reflected sound wave or two reflected 
sound waves, Irom the same source, meet. This 
results in the two waves combining and, depending 
on the phase relationship between the two waves, 
may result in anything from complete sound can¬ 
cellation to a sound level corresponding to the sum 
o^ the two sound levels. At points where cancella¬ 
tion occurs, a “dead spot’* results. 

Standing waves, with the resulting non-uniform 
distribution of sound, are very undesirable and are 
to be avoided. In very early radio studios, stand¬ 
ing waves were prevented by making the surfaces 
of the studios as acoustically dead as possible by 
means of a liberal use of sound absorbing mate¬ 
rials, In this way, the sound waves were completely 




Fig. 9~3. A studio employing sloping-wall construction, wherein no two walls are parallel. 

(Courtesy CBS.) 




Fig 9-4 Polycylindrical wall surfaces of studio 6-A at Radio City, New York (Courtesy NBC ) 



Fig. 9-5. NBC’s studio 6-D in New York which cmnloys “diffusispheres” for sound diffusion. 

(Courtesy NBC) 



BROADCAST STUDIO AND CONTROL ROOM EQUIPMENT 


265 


absorbed and there were no reflections to cause 
standing waves. The fallacy with this approach 
was, of course, that if there is no reflected sound 
wave, there will be no reverberation, and reverbera¬ 
tion is quite necessary in the production of modern 
radio programs. 

Standing sound waves are eliminated, or greatly 
reduced, in modern radio studios by several means. 
One method, which has been frequently employed, 
is to have no two parallel wall surfaces in the 
studio. As standing waves are usually set up be¬ 
tween two plane, parallel wall surfaces, this method 
is effective in preventing their formation. The 
floor and ceiling must also he taken into considera¬ 
tion and must not be parallel. An illustration of a 
studio using this sloping wall type of construction 
is shown in Figure 9-3. 

Studio wall surfaces are often constructed in a 
manner that results in reflected sound energy being 
completely diffused, that is, scattered in all direc¬ 
tions. This diffusion is effective in preventing the 
formation of standing wa\es and, in addition, has 
the added advantage that the reverberation charac¬ 
teristics of the room are improved. The latter 
advantage is due to the fact that complete diffusion 
of sound results in a smooth, logarithmic sound 
decay which is usually desirable in acoustic work. 

Diffuse distribution of sound may be achieved in 
a number of ways. One method is the use of ser¬ 


rated walls and ceilings. Another method, even 
more effective, is the use of a multiplicity of convex, 
curved wood-panel surfaces on walls and ceiling. 
These panels, depending upon the shape of the sur¬ 
face, are known as either curvilinear or cylindrical 
sound diffusers. A studio equipped with cylindrical 
sound diffusers is shown in Figure 9-4. Still an¬ 
other method of sound diffusion employs many large 
hemispheres which are distributed over the studio 
surfaces. These hemispheres illustrated in Figure 
9-5, have been given the rather appropriate name of 
“diffusispheres.” 

A studio to be acceptable for use in originating 
radio programs must be free from echoes. Echoes 
are not to Ije confused with reverl)cration. An echo 
is a distinct repetition of a sound caused by the 
reflection of the sound waves from a single surfjice 
or, in some cases, by more than one repetition due 
to reflections from several surfaces. Reverbera¬ 
tion, on the other hand, is the result of a very great 
number of reflections which are incapable of being 
tesolved into distinct echoes. In a studio in which 
the sound is well diffused by the wall surfaces, no 
difficulties should be experienced witli echoes. 

9-4. The Control Room —The studio control 
room contains the necessary mixing, amplifying, and 
monitoring facilities, described in detail later, by 
means of which the control room operator blends 
or “mixes*^ the various program material contributed 



Fig. 9-6. Visibility into studio from control room is improved by having the window project slightly into the studio 

(Courtesy CBS.) 
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Fig. 9~7. Plan view of a studio control room. The operator is seated at the control desk, while the director and 
assistant director are seated at the desk to the right. (Courtesy CR.S.) 


by each microphone into a single program channel. 
In addition to the control room operator, this room 
is also occupied by the program director, one or 
more assistant directors, and occasionally by other 
persons associated with the program. Suitable 
space and facilities should be provided for all these 
persons. 

It is very important that good visibility exist be¬ 
tween the control room and studio. One method 
used to improve the visibility is raising tlie level of 
the control room floor. In medium and small size 
studios, a desirable height is that which results in 
seated occupants of the control room being at the 
same eye level as persons standing in the studio. In 
larger studios, used mainly for musical productions, 
an even higher level is employed which results in 
the seated control room occupants being at the same 
eye level as the orchestra conductor standing on a 
podium. 

Visibility into the studio is further improved by 
the use of a very large control room window and 
still further improved if this window is allowed to 
project slightly into the studio, as shown in Figure 
9-6. The glass is often set at an angle to prevent 
reflections from the overhead control room lighting. 
Two other important factors which are taken into 
consideration in improving good visibility are the 
height of the control panel and the distance the 
occupants of the control room sit from the window. 
Both should be small if good visibility is desired. 


A plan view of a studio control room is ^hown in 
Figure 9-7. Entrance to the control room is from 
the sound lock and up a short flight of stairs, as the 
floor of the control room is raised above the studio 
floor level. Seating provisions are made for the 
control room operator and two other persons, for 
example, the director and assistant director. 

A small control panel is usually provided on the 
director’s desk. On this panel are mounted a talk- 
back key switch and an electric timing clock, similar 
in operation to a stopwatch, which is used during 
rehearsals for timing various portions of the pro¬ 
gram. A talk-back microphone is also provided for 
the use of the director. 

9-5. Other Studio Facilities 

1. Talk-back Loud-speaker, A loud-speaker is 
provided in the studio so the director in the control 
room can communicate with the performers in the 
studio during rehearsals. Such a loud-speaker is 
shown in Figure 9-8, in this case mounted on a 
panel together with the studio clock. It is usually 
desirable that this loud-speaker be located in the 
area above the control room window, as shown in 
the illustration, because of the desirable psychologi¬ 
cal effect of the voice through the loud-speaker com¬ 
ing from the actual direction of the person speaking. 
Some confusion, such as the performers turning 
their heads away from the director, may result if 
the loud-speaker is located in some other part of the 
studio. 
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2. Microphone Receptacles, Large wall plates, 
upon which the various microphone and other mis¬ 
cellaneous wall receptacles are centralized, are usu¬ 
ally provided at several convenient locations in a 
ladio studio. Such a wall plate can be seen directly 
under the control room window in Figure 9-8. On 
this wall plate are located four receptacles for studio 
microphones, receptacles for two general utility lines 
to the control room, a ''headphone cue” receptacle 
into which headphones may be connected to hear 
the program as it is leaving the control room, and 
an extension of the private line telephone. 

3. Sub-studios, In the production of radio pro¬ 
grams, it is often desirable to employ, for certain 
special effects, a small room acoustic^ally isolated 
from the studio proper. This is usually required 
in connection with portions of the program in 
which different reverberation effects from those in 
the studio proper are required, or in cases where 
special filters, known as sound-effect filters, are 
used to obtain unusual effects. This isolation is 
often accomplished by means of a small portable. 


soundproof booth, known as an isolation booth, 
which is equipped with a door, window, and provi¬ 
sions for the connection of a microphone and head¬ 
phones. This need for such a sound isolation booth 
has been recognized as a constantly recurring prob¬ 
lem, and some modern radio studios are being 
equipped with built-in isolation booths which are 
known as "sub-studios.” These are small sound¬ 
proof areas, with about 100 to 200 square feet of 
floor area, separated from the studio proper by 
means of a soundproof door. Good visibility is 
provided into this sub-studio frimi both the control 
room and the studio proper. Sub-studios are pro¬ 
vided with appropriate microphone, headphone, and 
utility receptacles, and in some cases with a '‘talk- 
back” loud-speaker. 

4 Studio Storage Room, Occasionally, a studio 
storage room is provided. A studio normally 
tends to accumulate an amazing array of miscel¬ 
laneous equipment such as folding chairs, music 
stands, pianos, electric organs, isolation booths, plat- 
forn»s, and microphone stands. Needless to say, not 



Fig. 9 - 8 . A talkback loud-speaker, operated from the microphone in the control room, is mounted on the panel above 
the control room window together with the studio clock. The talk-back facilities are used only during rehearsals and 
interlock circuits are provided so the talk-back cannot be accidentally used while the studio is on the air. ^ote the 
large wall plate, upon which the microphone and utility receptacles are centralized, below the control-room window. 
(Courtesy CBS.) 
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all this equipment is required for every progfram 
and therefore is pushed to one side where it clutters 
the studio and reduces the usable working space. A 
large storage room repays its cost many times over 
by effectively increasing the size of the studio. 

9-6. Units of Measurement—In this chapter, 
as well as others, reference is frequently made to 
the units “decibel,” “dbm,” and “vu.” A complete 
knowledge and understanding of ’the meaning and 
correct usage of these terms is essential in the study 
of communication systems. These units are there¬ 
fore discussed at this point, before dealing with 
the equipment employed in radio studios and control 
rooms. 

9-6a. The Decibel —The decibel is a unit used 
to express the transmission gain or transmission loss 
of communication circuits or circuit components. 
The electrical powers encountered in communication 
circuits vary over a tremendous range; for example, 
the output of a microphone is but a few microwatts, 
yet this same power is amplified to several thousand 
watts in a radio transmitter. The ratio between 
two such powers represents a very large figure. 
It has been found convenient to express such power 
ratios in units of a system employing a logarithmic 
scale. This permits large power ratios to be ex¬ 
pressed in small, easily handled numbers. The deci- 
l)el (one-tenth of a bel) is the unit commonly used 
in practical work. 

The number of decibels loss or gain in a circuit 
or circuit component may be found by the relation: 

db « 10 logio ~ 

-r 1 

where Pi is the power at the input and P 2 is the 
power at the output. 

The decibel can also be used to express voltage 
or current ratios when the two voltages or two cur¬ 



rents operate in equal impedances. In this case the 
relation becomes: 

db = 20log.o|^ 
or 

db = 20 logio Y 

If the impedances are not equal, the number of 
decibels loss or gain may be found by converting the 
voltages or currents to power and using the relation¬ 
ship already given for power ratios. 

The following table shows the relationship be¬ 
tween decibels and several power, voltage, and cur¬ 
rent ratios. 


Power Ratio 

Decibels 

VohaRP or 
Current Ratio 

Decibels 

0.00001 

-50 

0.00001 

-100 

0.0001 

-40 

0.0001 

-80 

0.001 

-30 

0.001 

-60 

0.01 

-20 

0.01 

-40 

0.1 

-10 

0.1 

-20 

1.0 

0 

1.0 

0 

10.0 

10 

10.0 

20 

100.0 

20 

100.0 

40 

1000.0 

30 

1000.0 

60 

10,000.0 

40 

10,000.0 

80 

100,000.0 

50 

100,000.0 

100 


In the past, the decibel was often used to express 
the audio power level existing at any point in an 
audio system. As the decibel expresses a ratio be¬ 
tween two powers, this was accomplished by estab¬ 
lishing a reference level and expressing the ratio of 
the power level in question to the reference level. 
Unfortunately, this practice became quite confusing 
as different reference levels were adopted by various 



Fig 9-9a. The standard volume indicator—A scale. Fig. 9“9b. The standard volume indicator—B scale. 
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Ki(.. 9-10. The circuit of the standard volume indicator. The allenuator permits the range of 
the instrument to he changed, in steps of 2 dh, while the 800-ohm adjustable resistor allows a slight 
adjustment of the instrument sensitivity for calibration purposes. The lowest volume level capable 
of deflecting present-day instruments to the reference, or 300%, point is 4* 4 vu. 


org'anizations. Rcforonce levels of 1, 6, 10, 12%, 
and 50 milliwatts have all been in common use. 
"I'llis situation has now been completely cleared up 
with the acceptance by the industry in 1939 of a 
standard volume indicator, a standard reference 
level, and new units for expressing? power and vol¬ 
ume levels. Althoupfh the term decibel can be used 
to express power levels, provided the reference level 
is stated, this is no long^cr necessary, nor recom¬ 
mended, inasmuch as units are now available spe¬ 
cifically for this purpose. The term decibel, there¬ 
fore, should be used only as intended, that is, to ex¬ 
press power ratios, such as the 8:ain of an amplifier 
or the loss of an attenuation network. 

9-6b. The Standard Volume Indicator—A vol¬ 
ume indicator is an electrical indicating device, illus¬ 
trated in Figure 9-9, used for measuring program 
and power levels. The instruments illustrated have 
been standardized and are now used by practically 
all radio stations in this country. A volume indi¬ 
cator is provided in the studio control room and, by 
means of this instrument, the control room operator 
is able to maintain the output of the studio at a pre¬ 
determined level, this level usually being the value 
which results in program peaks modulating the radio 
transmitter 100 percent. 

"J'he standard volume indicator consists of a full- 
wave copper oxide rectifier and a d-c indicating 
instrument. An external attenuator and scries re¬ 
sistor, connected as shown in Figure 9-10, are re¬ 
quired to complete the assembly. The input im¬ 
pedance of the volume indicator is about 7500 ohms 
and is intended to be bridged across terminated 600- 
ohm lines. Rigid requirements have been estab¬ 
lished for the dynamic characteristics of the indi¬ 
cating instrument and copper oxide rectifier; there¬ 
fore the standard volume indicator, when calibrated 
and used in the prescribed manner, will give an 
accurate indication of the volume level. 

9-6c. The Vu —As can be seen in Figure 9-9, 
the standard volume indicator has two scales. One 


is a voltage scale, with arbitrary divisions ranging 
from 0 to 100. Readings on this scale are directly 
proportional to percentage of modulation of a radio 
transmitter. The other scale is calibrated in 7>u 
which is the measurement unit employed to express 
the “volume*' of speech or program waves in com¬ 
munication systems. When the instrument is prop¬ 
erly used, it gives an indication of volume level as 
so many 7'i( above or below a reference volume, 
which is defined below, the number of 7»w being 
numerically equal to the number of decibels that 
the volume level is above or below the reference 
volume. 

Inasmuch as the dynamic characteristics of the 
indicating instrument and the power law of the 
rectifier are involved, only levels read on the stand¬ 
ard volume indicator, calibrated and used in the 
prescribed manner, may be expressed in 77e. 

9-6d. Reference Volume—The calibration of 
the standard volume indicator is stated in terms of 
its response to a steady, single-frequency signal. 
By definition, the reading of the standard volume 
indicator shall be 0 vu when it is connected to a 
6()0-ohm resistance in which there is flowing one 
milliwatt of sine-wave power at 1000 cycles per sec¬ 
ond, or n vu when the calibrating power is n deci¬ 
bels above one milliwatt. Because of the complex 
waveform of program material, it does not follow 
that deflection of the volume indicator to 0 by 
a program peak indicates a program power level of 
one milliwatt. Actually, such a program peak may 
reach an instantaneous value many times one milli¬ 
watt, but have an average power much less than 
one milliwatt. The value of such program peaks 
cannot be easily described in terms of conventional 
units such as power, voltage, or current, but can be 
defined in terms of the deflection they cause on the 
standard volume indicator. Reference volume is 
therefore defined as that level of prograpt which 
causes a standard volume indicator, when calibrated 
and used in the accepted way, to read 0 vu. In the 
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special case of single-frequency sine waves, refer¬ 
ence volume is one milliwatt. 

9-6c. Dbm—Another unit, employed in per¬ 
formance measurements and performance ratings of 
audio facilities, is the dbm. The term dbm means 
“decibels referred to one milliwatt.” A reading ex¬ 
pressed in dbni indicates the power level of a 
single-frequency test tone, where the number of dbm 
is equal to the number of decibels the test tone is 
above or below a reference power of one milliwatt. 
The term dbm is used only with respect to steady 
state, sine-wave signals. While vu readings of 
program levels can be made only with the standard 
volume indicator, dbm readings can be made with 
any suitable a-c instrument, inasmuch as the dy¬ 
namic characteristics of the meter are not involved. 

The following table shows the relationship be¬ 
tween dbm and sine-wave audio power. 


Slne-Wave 
Audio Power 

(Watts) Dbm 

0.00000001. -50 

0.0000001. -40 

0.000001. -30 

0.00001. -20 

0.0001. -10 

0.001. 0 

0.01.-fio 

0.1. +20 

1.0. +30 

10.0. +40 

100.0. +50 


9-6f. Correct Usage of Terms db, dbm, and 

vu —It is essential that the terms db, dbm, and vu 
be correctly used. Inasmuch as each term has a 
specific purpose, the use of the wrong term will 
invariably tend to confuse others. 

The term db should be used only to express power 
ratios, such as the gain or loss in a given circuit or 
component; or the relative amplification of a device 
at one frequency as compared to another. The term 
dbm should be employed when referring to the 
actual power of a single frequency sine-wave sig¬ 
nal; for example, the output level of an amplifier 
or complete system being tested or measured with 
test tone. The term 7’ii expresses program level as 
read on the standard volume indicator. 

As an example, an amplifier may have a gain of 
60 db and a maximum output of + 30 dbm (1 watt). 
When used in a studio program circuit the output 
level of the amplifier may be maintained at + 14 
vu as indicated by a standard volume indicator 
connected across its output terminals. 

Mg. Other Considerations —It has already 
been mentioned that the instantaneous power exist¬ 
ing in a program circuit during a program peak may 
considerably exceed the value indicated by the vol¬ 
ume indicator. Measurements have shown that on 
average program material the peak indicated on the 
volume indicator may be as much as 8 to 14 db 
below the actual peak value of the audio signal. 
The difference between the actual and indicated 


peaks varies for different types of program material, 
being high for male speech and piano music, and 
low for popular and symphony music. 

An audio system must be capable of handling 
these peaks without overloading. To provide for 
this, it is common practice to design all amplifiers 
in a system to handle single-frequency, sine-wave 
power at least 10 db greater than the normal pro¬ 
gram level. Furthermore, all single-frequency test 
tone performance measurements of an audio system 
are made at a level 10 db greater than the normal 
operating level. This 10-db difference provides the 
necessary “headroom” to handle program peaks 
without excessive distortion. 

9-7. Microphones—A microphone is an electro¬ 
acoustic device which converts sound energy into 
electrical energy. There are quite a few different 
types of microphones in current use. These can be 
classified into two general groups: (a) pressure- 
actuated devices and (b) velocity-actuated devices. 
The pressure-actuated microphone responds to pres¬ 
sure variations of the actuating sound waves, while 
the velocity microphone is actuated by the difference 
in pressure existing between the front and back of 
the microphone. Pressure-actuated microphones in¬ 
clude the carbon, condenser, dynamic or moving 
coil, crystal, and pressure-actuated ribbon micro¬ 
phones. The velocity-actuated ribbon is an example 
of the velocity type. 

Combination microphones containing both a pres¬ 
sure and velocity element are often employed to ob¬ 
tain directional characteristics such as the unidirec¬ 
tional or cardioid pattern. The combination units, 
which usually contain either a velocity-ribbon and 
dynamic unit, or velocity-ribbon and pressure- 
ribbon unit, are described in more detail later. 

Desirable characteristics for microphones include: 
(a) adequate output level, (b) output waveform 
free from distortion, (c) output independent of 
frequency, and (d), in the case of the directional 
microphones, directional characteristics independent 
of frequency. In addition, all these characteristics 
should remain constant regardless of temperature or 
humidity conditions. The microphones most com¬ 
monly employed for radio broadcasting at the pres¬ 
ent time are the velocity ribbon, the dynamic, the 
combination directional microphones and, to a lesser 
extent, the condenser. 

The output level of modern, high-quality micro¬ 
phones is extremely low. The output of these 
units, when employed under average conditions in 
radio studios, requires amplifier insertion gains 
ranging from 60 to 70 db to raise the microphone 
output to 0 vu» In handling such low levels, ex¬ 
treme care must be taken to shield properly the 
microphone circuits in order to reduce the possi¬ 
bility of noise pick-up. 

The electrical output impedance of microphones 
varies from a few ohms to many thousands of ohms. 
In broadcast work, microphone impedance has been 
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standardized at 150 ohms,^ which requires, in most 
cases, that a transformer be included inside the 
microphone housing. In the case of microphones 
with a very high electrical impedance, such as the 
condenser type, a complete amplifier stage is often 
included in die microphone housing. 

A few of the problems encountered in the design 
of high-quality microphones are discussed below. 

1. Cavity Resonance. When the diaphragm of a 
microphone is recessed or a cavity exists at the sur¬ 
face of the microphone, an acoustical resonator is 
formed. Because of the very small size of the 
cavity, its acoustical resonant frequency will usually 
be very high. This cavity will result in the pressure 
of the diaphragm being greatly increased near and 
at the resonant frequency with a resultant increase 
in output in this region. 

2. Diaphragm Resonance. Some microphones arc 
subject to another form of frequency distortion due 
to mechanical resonance of the diaphragm. Dia¬ 
phragm resonance, when it occurs in the audible 
range, results in accentuation of the frequencies not 
only at the fundamental frequency of diaphragm 
resonance, but at harmonics of this frequency. 
Manufacturers often attempt to eliminate this effect 
by making the resonant period of the diaphragm 
above audibility. 

3. Frequency Response to Sound of Angular Inci¬ 
dence. Variation of frequency response as a func¬ 
tion of the angle of sound incidence is another cause 
of frequency distortion. When a microphone is 
employed to pick up a large orchestra or other large 
production, many of the sound waves do not im¬ 
pinge directly on the front of the microphone but 
reach it at various angles. If the frequency re¬ 
sponse in these various directions differs, the output 
will not be representative of the actual sound at the 
point of pick-up and frequency distortion results. 

4. Pressure-doubling. A sound field is often dis¬ 
turbed by the presence of a microphone and, as a 
result, the pressure at the diaphragm of the micro¬ 
phone will not be the same as the pressure that 
would exist at the same point if the microphone 
were not present. This effect occurs only at high 
frequencies, where the wave length of the sound 
wave becomes comparable to the size of the micro¬ 
phone. The effect is one of sound diffraction and 
reflection, and the result is an increase in pressure 
at the diaphragm. Pressure-doubling is a function 
of the size and shape of the microphone and the 
angle of incidence of the sound wave. 

9-8. The Carbon Microphone —The carbon 
microphone, although seldom used in radio broad¬ 
cast work, finds a wide application in telephone 
communications. This microphone is reasonably 
rugged in construction, provides high sensitivity, 

} Prior to the establishment of this standard in 1948 
microphone impedances of 30, 50, and 250 ohms were in 
common use. A large percentage of the equipment still in 
service employs these impedances. 


and has an electrical impedance of about 200 ohms, 
which is quite suitable for direct transmission 
over wire lines. 

The carbon microphone depends for its operation 
upon the principle that the resistance of a mass of 
carbon granules will change as the pressure applied 
to the carbon granules is varied. A small d-c 
current is passed through the microphone and, be¬ 
cause of the resistance variations, the d-c current 
will vary in accordance with the sound pressure. 

Figure 9-11 shows a cross-sectional view of a 
single-button, carbon microphone of the type used 
in telephone work. Anthracite coal is generally 
used for the carbon granules. They are enclosed 
in a small containing cup, constructed in a manner 
to prevent carbon leakage. When the microphone 
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Fig. 9-11. The single button carbon microphone. 

is subjected to sound vibrations, the pressure of the 
sound waves actuates the diaphragm. This results 
in the pressure being exerted on the mass of carbon 
granules, and the resistance of the carbon mass, 
therefore, varies in accordance with the variation of 
the sound pressure. The battery current flowing 
through the microphone will fluctuate, therefore, in 
accordance with the pressure variations of the sound 
wave. 

The diaphragm of the single-button microphone 
is usually designed so it will resonate in the fre¬ 
quency range between 1000 and 2000 cycles. This 
results in the microphone having maximum output 
in this range and accounts to a large extent for the 
high sensitivity of this type of microphone to voice 
frequencies. 

When a carbon microphone with better frequency 
characteristics and lower distortion is required, a 
double-button carbon microphone is usually em¬ 
ployed. An illustration of such a unit is shown in 
Figure 9-12. In this microphone, a stretched alu¬ 
minum alloy diaphragm with a very high mechani¬ 
cal resonant frequency is employed, and a carbon 
cell is provided on each side of the diaphragm. To 
prevent oxidation, and insure good contact between 
the carbon granules and the diaphragm, the area of 
the diaphragm exposed to the granules is gold- 
plated. 

When the diaphragm of the double-button carbon 
microphone is actuated by sound waves, the pressure 
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on one carbon cell is increased, while the pressure 
on the other is decreased. This results in a push- 
pull action which tends to reduce distortion. Due 
to the fact that mechanical resonance of the dia¬ 
phragm occurs at a very high frequency, usually 



cross-»cctional view 

1^'k;. 9-1 J. The double button carbon microphone. 

between 5000 and 8000 cycles, the frequency charac¬ 
teristics of the double-button carbon microphones 
arc fairly uniform, hut the sensitivity is reduced, 
usually being about 15 to 20 db lower than in the 
single-button type. 

Both single- and double-button microphones have 
two disadvantages. The first is the fact that there 
is always present in the output a carbon hiss or 


noise, which is caused by the current flowing 
through the large number of contacts afforded by 
the carbon granules. The second disadvantage is 
the tendency of the carbon granules to adhere or 
'‘pack,” which is usually brought about by the 
breaking of the circuit while current is flowing. 
This tends to reduce the sensitivity of the micro¬ 
phone and may result in the unit becoming inopera¬ 
tive. A simple filter arrangement, which reduces 
inductive kicks when the circuit is broken, is shown 
in Figure 9-13. This filter reduces the tendency of 
the carbon to pack. 

9-9. The Condenser Microphone —In the con¬ 
denser microphone, sound vibrations vary the elec¬ 
trical capacitance between two plates, one of which 
is the diaphragm, the other a fixed plate parallel 
with the diaphragm. The normal separation be¬ 
tween the two plates is in the order of .001 inch 
and the dielectric between the plates is air. The 
diaphragm is usually constructed of aluminum alloy 
or stainless steel which is tightly stretched to make 
the mechanical resonant frequency as high as pos¬ 
sible. A polarizing voltage of several hundred 
volts is required, which is applied to the condenser 
through a very high series resistance, usually many 
megohms, as shown in Figure 9-14. 

Sound pressure causes the diaphragm to vibrate, 
resulting in the electrical capacitance of the unit 


L 



Ki(.. The simple filter arrangement shown above is effective in reducing 

the tendency of the carbon granules to pack. 



Fig. 9-14. Circuit arrangement of condenser microphone and associated amplifier stage. 
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varying in accordance with the variations of sound 
pressure. This, in turn, causes voltage variations, 
which constitute the output voltage, to develop 
across the series resistor. 

Inasmuch as the output impedance of the con¬ 
denser unit is extremely high, it is essential that 
the associated amplifier be immediately adjacent to 
the microphone. The amplifier is therefore usually 
mounted in the microphone housing. The amplifier 
voltages, as well as the polarizing voltage, are 
generally obtained from batteries. 

The condenser microphone has low noise level, 
low distortion, and good frequency characteristics. 
It has two disadvantages: first, that it requires a 



Fig. 9-15. Western Electric 640AA condenser microphone 
with its associated RA'1095 amplifier. 


Fig. 9-16. The Western Electric 640A A microphone is 
no larger than a silver quarter. 

high polarizing voltage, and second that the ampli¬ 
fier must be closely associated with the microphone. 
Because of the associated amplifier, the condenser 
microphone is usually rather large and, in addition, 
requires careful handling. 

9-10. W. E. 640AA Condenser Microphone— 
The Western Electric 640A A condenser micro¬ 
phone offers advantages which are in part due to 
its small size. As a laboratory instrument this 
microphone facilitates measurement of sound inten¬ 
sity over a wide range of temperature and hu¬ 
midity conditions. Production tests of other sound 
instruments such as receivers, loud-speakers and 
microphones may also be obtained through its use. 

In the broadcasting field, when associated with its 
companion RA-1095 amplifier, the 640AA micro¬ 
phone provides a means for faithful program 
pick-up especially in auditoriums or in large studios 
which have proper acoustical characteristics for use 
of the remote single microphone pick-up techniciue. 
This application is particularly effective where 
orchestras or similar large groups are involved. 
The combination can readily be used with standard 
studio equipment since, under average conditions, a 
supplementary gain of approximately 40 db plus 
mixer loss is adequate to raise its output to a line- 
level of -h 8 vu. 

In all of these applications, the small size of the 
640 type microphone diaphragm is a pronounced 
advantage from a fidelity standpoint. Physically it 
approaches the ideal of a point pick-up device, elimi¬ 
nating possible phase distortion, due to sound waves 
not striking simultaneously against different por¬ 
tions of the microphone diaphragm. Moreover, the 
smaller the pick-up device, the less the disturbance 
caused in the sound field by the mere presence of 
the pick-up element. 

The 640AA condenser microphone is furnished in 
a bright metal cylindrical housing approximately 
one inch in diameter and one inch long. 

9-lOa, Frequency Response —The free-field re¬ 
sponse characteristics of the 640AA microphone 
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mounted on the RA-109S amplifier are shown in 
Figure 9-17, The range covered, it will be noted, 
is admirably suited to the highest quality program 
transmission requirements. With the line of sound 
approaching normal, or perpendicular to the plane 
of the diaphragm (0®), the response is approxi¬ 
mately constant for sound in the frequency range 
between 50 and 1000 cycles. Abave 1000 cycles, 
the response rises gradually to a maximum of about 
8 db at 8000 cycles, then drops uniformly to a level 
which at 15,000 cycles is roughly equal to that at 
1000 cycles. 


AMAurffA mn tAOAA cowenseA mieitoANOMe 



Fig. 9—17. Typical frec-ficld response curve of the 640A A 
microphone mounted on the RA-1095 amplifier. 

As illustrated in Figure 9-17, the response of the 
640AA microphone varies somewhat in the higher 
frequencies depending on the direction from which 
the sound wave approaches the diaphragm. For 
sound 30° off normal incidence, the 8000-cycle maxi¬ 
mum is reduced about 1 db. For sound 60° off 
normal, this level is reduced about 3^/^ db, and for 
sound 90“ off normal about 7 db. The steepness 
of slope for frequencies around 10,000 cycles in¬ 
creases slightly with the degree of variation from 
normal incidence. 

9-lOb. Mounting—In mounting the 640AA 
microphone, it is important that its associated am¬ 
plifier be arranged mechanically so as to preserve 
as nearly as possible the freedom from distortion 
of the sound field which is inherent in the small 
physical proportions of the microphone element. 

The RA-1095 amplifier may be used for labora¬ 
tory or production testing. Where especially con¬ 
structed amplifiers are used in place of the RA- 
1095 amplifier, it is essential that connections be¬ 
tween the transmitter and the first stage of vacuum 
tube amplification be short and of low capacitance 
as compared tcv the capacitance of the microphone; 
otherwise, the sensitivity of the instrument is re¬ 
duced and its frequency characteristic altered. The 
lead to the grid of the liead-amplifier tube should 
be well shielded electrically to prevent noise pick-up 
from interfering electric and magnetic fields. 

For free-field pick-ups such as are common in 
broadcasting applications, the small, bullet-shaped 
Western Electric RA-1095 amplifier described on 
the following pages serves ideally both as a mount¬ 
ing for the 640A A microphone and as a means of 


providing the unit with first stage amplification and 
polarizing voltage. Where a microphone boom or 
other similar device is used to direct the microphone 
toward a given sound source, the amplifier should 
be shock-mounted by means of soft springs or 
rubber supports to isolate the elements from possible 
mechanical vibrations which are likely to produce 
noise. 

9-lOc. Technical Data 

1. Frequency characteristic: Free-field response 
(see Figure 9-17). 

2. Output lezfel: Approximately 49.5 db below 1 
volt (open circuit) per dyne/cm'-* with 200 volts 
d-c polarizing potential. 

3. Output impedance: Essentially that due to its 
capacitance which is approximately 50 yqxi to 60 

4. Operates into: Grid circuit of closely associ¬ 
ated vacuum tube amplifier. 

5. Polarizing voltage: 200 volts d-c from well- 
regulated quiet supply. Caution: Polarizing volt¬ 
age exceeding 200 volts should not be applied as 
higher voltages may damage the instrument. 

6. Dimensions: Cylindrical shape approximately 
1 inch diameter and 1 inch long. 

7. Weight: Approximately 1% ounces. 

8. External connections: The microphone should 
be connected to the grid of the vacuum tube by 
means of a short, well-shielded, low capacitance lead 
to center contact at rear of instrument. The cylin¬ 
drical shell of the microphone should be connected 
to the grounded side of the grid circuit, thereby 
serving as a shield for the inner components. 

9-lOd. RA-1095 Amplifier—The Western Elec¬ 
tric RA-1095 amplifier is a small, single stage 
amplifying unit developed especially for use with 
the 640 type condenser microphone. Shaped like a 
long-range military projectile, this amplifier is ap¬ 
proximately 7% inches long by 2V^ inches in diame¬ 
ter and weighs only 1% pounds. All components 
are housed in a removable spun metal casing which 
is normally finished in bright chromium but can be 
obtained in a nonreflecting, dark aluminum wrinkle 
gray. 

A threaded recess at the pointed end of the 
housing permits screwing the 640AA microphone 
securely in place so that the two units present an 
unbroken surface offering the least possible dis¬ 
turbance to the surrounding sound field. 

The screw mounting and case of the amplifier 
form the grounded side of the circuit. The high 
potential side of the circuit is completed to the 640 
type microphone by means of a spring-mounted 
plunger in the center of the housing recess which 
connects with a center contact on the microphone. 

The output level of this combination for a given 
sound field is about 28 db higher than that of a 
standard high-quality studio microphone, and the 
signal-to-noise ratio compares favorably. The fre- 
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quency response characteristic of the amplifier is 
such as to assure optimum results from the use of 
the 640A A microphone. The free-field frequency 
response characteristics for the combination are 
shown in Figure 9-17. 

9-lOc. Power Supply —To operate the RA-1095 
amplifier, 150 ma at 6.3 volts d-c are required for 
the heater or filament circuit, and approximately 
3 ma at 200 volts d-c are required for the plate 
and microphone polarization supply. For maximum 
noise-free operation both sources of power should 
be extremely quiet. 

Plate and polarizing supply voltages of less than 
200 volts may be used but at a sacrifice in the 
microphone response level. The loss in the micro¬ 
phone .sensitivity will be directly proportional to 
the decrease in polarizing potential from 200 volts. 
Voltages in excess of 200 volts should not be applied 
to the amplifier plate circuit when the 640AA 
transmitter is attached as higher voltages may 
damage the transmitter. If power is to be supplied 
from an unregulated rectifier, precautions should 
be taken against overvoltage. 

Connections for plate and filament supply as well 
as for the program circuit leads arc made through 
a standard 6-prong, recessed socket in the base of 
the amplifier, as .shown in Figure 9-18. The Can- 
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2 Strop S C tor output to tSO ISO ohm conrwinng circuit. 

Strep A • ond C D lor output to 2S SO oluti cennocting circuit. 

Fig. 9~18. Schematic of the W.E. RA-1095 amplifier. 

non plug, P6-11, will fit this .socket. A thumb¬ 
screw is provided in the base of the amplifier so 
that pressure may he applied to the socket to hold 
these connections firm and allow suspension of the 
microphone and amplifier by means of the cord. 

9-lOf. Terminal Connections —A row of ter¬ 
minals arranged alphabetically is provided on the 
inside of the RA-1095 amplifier ba.se to permit 
strapping for different impedance conditions. This 
row of terminals marked TS-1 is shown on the 
.schematic drawing. The amplifier case is designed 
to slip easily off the narrow end of the chassis 
frame to allow ready access to these connections. 

For connecting the amplifier to a 25-50 ohm cir¬ 
cuit, terminal A should be strapped to terminal B 
and terminal C should be strapped to terminal D. 
For connections to a 150-250 ohm circuit, the pre¬ 
vious connections should be removed and terminal 


B should be strapped to terminal C. The wire 
which carries the cathode return and ground con¬ 
nection to the filament supply circuit should be con¬ 
nected cither to the — F or -f F terminal, which¬ 
ever may be found to give the lowest noise level 
conditions when the amplifier is connected to the 
succeeding circuits. The ground connection should 
not conflict with grounds on the external power 
supply. 

9-lOg. Mounting —It is recommended that a 
vibration isolation mounting be used with the RA- 
1095 in order to minimize niicrophonic disturbances. 

9-lOh. Maintenance —Other than occasional 
vacuum tube replacements, very little maintenance 
is required for the RA-1095 amplifier. 'I'he high 
impedance elements in the transmitter coupling 
mesh are impregnated with moisture-resistant com¬ 
pound to minimize noise difticulties due to moisture, 
'fhe amplifier should be placed in a desiccator after 
it has been subjected to severe moisture exposure. 
Both the amplifier and the 640A A microphone 
.should of course be protected from dust and corro¬ 
sive fumes when not in use. 

9-lOi. Technical Data 

1. Frequency characteristics: See I'igure 9-18. 

2. Output level: Approximately ^29.5 dbm with 
the 640AA microphone in a sound field of 10 
dynes/cm-' or — 49.5 dbm in a 1 dyne/cm- sound 
field. 

3. Signal-to-noisc ratio: Approximately 60 db at 
an output level of —29.5 dbm (0-15,000 cycle 
band). 

4. Distortion: One percent at — 3 dbm output 
level (-29.5 dbm is ap[)roximatc program output 
level under normal conditions). 

5. Operates from: 640A or 640AA conden.ser 
microplione. 

6. Operates into: 25-50 or 150-2.S() ohms. 

9-11. The Dynamic Microphone —The dynamic 

microphone is a voltage generating, pressure- 
actuated device, in which sound vibrations cause a 
conductor to move in a magnetic field, thereby in¬ 
ducing a voltage in the conductor. The dynamic 
microphone is therefore, in effect, an a-c generator. 
Unlike the carbon and condenser types, it is com¬ 
pletely self-contained, requiring no battery or polar¬ 
izing voltages. The better types are quite rugged 
and stable. 

The most common microphone of this type is the 
moving coil dynamic microphone. The moving coil 
microphone contains a diaphragm, usually made of 
aluminum alloy, phenolic, or paper, to which a coil 
of wire is rigidly attached. To keep the weight of 
the moving parts small, aluminum wire or ribbon is 
usually employed. The coil is located in the field 
of a strong magnet. When the diaphragm vibrates 
in response to sound waves, the coil is moved in the 
magnetic field and a small a-c voltage, corresponding 
in frequency and amplitude to the motion of the 
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diaphragm, is induced in the coil. Acoustic net¬ 
works are sometimes provided inside the micro¬ 
phone housing to improve the frequency response. 

The electrical output impedance of the moving 
coil microphone is usually in the vicinity of 20 to 
40 ohms. In many applications, this impedance is 
entirely satisfactory for transmission over cables 
of many hundred feet; however, when used for 
broadcast work, a small transformer is usually pro¬ 
vided within the microphone housing to transfer 
the electrical impedance to the standard value of 
150 ohms. 

There are two other types of dynamic micro¬ 
phones in use which differ in construction from the 
moving coil type. One is the inductor microphone, 
the other the pressure-actuated ribbon microphone. 

The inductor microphone contains a V shaped 
diaphragm with a single, straight conductor mounted 
along the bottom of the V. 1'he operation is the 
same as in the case of the moving coil microphone: 
sound waves cause the diaphragm to vibrate and 
the single conductor is moved in a magnetic field. 
Because of the very short conductor employed, the 
electrical impedance is very low. A transformer is 
therefore installed in the microphone housing to 
step-up the electrical impedance to the desired 
value. 

The pressure-actuated ribbon microphone em¬ 
ploys a very light, corrugated metallic ribbon, usu¬ 
ally made of aluminum alloy, winch is suspended in 
a magnetic field, and which is free to vibrate in 
response to sound waves. 'Fhis ribbon serves the 
dual purpose of both diaphragm and moving con¬ 
ductor. Only one side of the ribbon is exposed 
to the sound waves, the rear side of the ribbon 
being terminated in a highly damped acoustical 
chamber within the microphone housing. Sound 
waves cause the ribbon to move in the magnetic 
field, thereby inducing a small voltage in the ribbon. 
As in the case of the inductor microphone, the elec¬ 
trical output impedance is very low, and a step-up 
transformer is provided in the microphone housing. 



Fig. 9-19, RCA type 88-A dynamic microphone. 


Dynamic microphones are stable, reasonably 
rugged, and small in size. They have one dis¬ 
advantage, that is, the frequency response usually 
varies with the angle of sound incidence. 

9-12. RCA 88-A Dynamic Microphone —The 
type 88-A pressure microphone is a high-fidelity 
instrument of the pressure-actuated type which is 
especially designed for announcing and remote 
pick-up. Its smooth response and frequency range 
(60 to 10,000 cycles) make it suitable for repro¬ 
ducing both music and speech. It is effectively non- 
directional when mounted in the vertical position 
and is semidirectional when mounted horizontally. 
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Fig. 9-20. Frequency response of 88-A microphone. 

(Courtesy KCA ) 

The moving element consists of a thin, moulded 
diaphragm to which is attached an annular coil 
assembly. Coupled to the diaphragm is an acoustic 
circuit so proportioned that the diaphragm velocity 
will remain essentially constant for a constant sound 
pressure over the range of frequencies from 60 to 
10,(KX) cycles. The coil is located within the air 
gap of a magnetic structure and connected to a 
transformer which provides an output impedance of 
50 or 250 ohms. 

9-12a. Technical Data 

1. Effective output level: —55 db (0 db = .001 
watts) with an input sound pressure of 10 dynes/ 
cm^’. 

2. Frequency response: Essentially uniform from 
60 to 10,000 cps. 

3. Output impedance: 250 ohms, may be changed 
to 50 ohms. 

4. Physical dimensions: Length 4% inches, width 
4% inches, depth 4 inches (including mounting), 
weight 2 pounds. 

5. Directional characteristics: Semidirectional 
when mounted horizontally, nondirectional when 
mounted vertically. 

9-12b. Applications—The type 88-A micro¬ 
phone is particularly adapted for broadcast announc¬ 
ing and remote pickup. It is a small, lightweight 
microphone which may be used with a stand or 
carried in the hand for interview and mobile use. 
The relatively high output level is advantageous for 
remote work and provides a good signal-to-noise 
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ratio. Since it is practically impervious to moisture 
and is not affected by temperature or pressure 
changes, it is especially adapted to outdoor use. 
Its construction makes the effect of objectionable 
air currents practically unnoticeable when it is used 
in the open air. This microphone is also excellent 
for many studio applications which require a non- 
directional or semidirectional microphone. 

9-12c. Directional Characteristics —When 
mounted in the vertical position, the type 88-A 
microi)hone is completely nondirectional but the 
higher frequencies are uniformly attenuated because 
of the physical size of the microphone. When 
mounted horizontally, the microphone is essentially 
nondirectional for frequencies below 2000 cycles. 
The higher frequencies are attenuated more as the 
angle with the perpendicular to the diaphragm be¬ 
comes larger. Figure 9-21 shows the relative 
strength of sound pick-up from all angles when the 
microphone is in the horizontal position. 

o' 



9-12d. Connections —The microphone is shipped 
connected for an output impedance of 250 ohms. 
'Fhe impedance can be changed to 50 ohms by re¬ 
moving the back of the case and making connections 
as shown by the dotted lines in Figure 9-22 after 
first removing the connector marked A in the sche¬ 
matic diagram. The case must be air-tight when 
reassembled as any leakage will result in a serious 
loss of low-frequency response. 

9-12e. Recommended Load Impedance —It is 
recommended that the type 88-A microphone be 
worked into an unloaded input transformer. 

9-12f. Phasing —When the outputs of two or 
more microphones are fed into a common mixing 
circuit, their respective outputs must be in phase. 
Otherwise the output of one will oppose the output 


of the other resulting in a reduction in output in¬ 
stead of a gain. 

To check the phasing of two or more micro¬ 
phones, connect one microphone to the amplifier 
input and set tl>e volume control to obtain the de¬ 
sired output level while talking into the microphone. 



Fig. 9-22. Crmnections of RC\ 88-A microphone. 
(Courtesy RC\.) 


Then connect the second microphone in parallel 
with the first and, without changing the volume 
control setting, hold both microphones together and 
talk into them. If a decrease in volume results, 
reverse the connections of one microphone at the 
amplifier input terminals. Each additional micro¬ 
phone should be checked in a like manner and, if 
necessary, the cable connections reversed to correct 
the phasing to agree with the microphones already 
connected. 

9-12g. Placement —When used in the studio, 
it should be kept in mind that correct placement of 
the microphone in relation to artists and instruments 
is of extreme importance. The reijuirements for 
particular installations vary widely and results will 
be determined best by experience. Exact placement 
must be determined by the following factors: 

1. Wishes of the program producer. 

2. Number and type instruments. 

3. Size and construction of studio. 

4. Peak volume swings as indicated by the volume 
level indicator. 

5. Results as determined by actual monitoring. 

In outdoor locations, it may be found that, be¬ 
cause of the higher ambient noise level, the distance 
between the performer and the microphone must be 
less than when working indoors. It is important 
to maintain a relatively high input level of the 
desired signal in outdoor or remote locations in 
order to keep the signal-to-noise ratio as high as 
possible. 

Care should be taken to protect the microphone 
from rough handling and exposure to rain and bad 
weather. While it is a rugged and practically 
weatherproof instrument, it is of the precision type 
and should be handled with care. Care in hstndling 
will be well repaid by the additional service received 
from the microphone. 
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9-13. The Velocity Microphone —The velocity, 
or ribbon, microphone employs a very light, loosely 
stretched, corrugated metallic ribbon, which is sus¬ 
pended in the air gap between the pole pieces of a 
strong permanent magnet. The mechanical reso¬ 
nant period of the ribbon is usually below audibility. 
Unlike the pressure-actuated ribbon microphone, 
already discussed, both sides of the ribbon are ex¬ 
posed to sound waves. The pole pieces of the 
magnet, in addition to supplying the concentrated 
magnetic field, also act as an acoustic baffle between 
the two sides of the ribbon. The ribbon moves 
when subjected to sound waves, because of the 
difference in instantaneous sound pressure on the 
front and back of the ribbon. The movement of 
the ribbon in the magnetic field causes a small 
voltage to be induced in the ribbon. As the elec¬ 
trical impedance of the ribbon is very low, a trans¬ 
former is mounted within the microphone housing 
to step-up the impedance to the desired value. 

The velocity microphone is bi-directional in re¬ 
sponse. Sound from a point directly in front or 
back of the microphone re.sults in maximum differ¬ 
ence of pressure between the two sides of the rib¬ 
bon and, therefore, maximum output. On the other 
hand, sound from a point at either side of the 
microphone results in equal pressure at each side 
of the ribbon and, therefore, no output. Sound 
reaching the microphone from intermediate angles 
results in corresponding degrees of reduced sensi¬ 
tivity which can be plotted in the form of a figure 
eight response curve. This bi-directional response 
characteristic is very desirable in certain types of 
studio set-ups. 

A well-built velocity microphone is a stable and 
reasonably rugged unit. It has quite smooth 
respon.se-frequency characteristics and these charac¬ 
teristics remain constant for all angles of sound 
incidence. The velocity microphone must not be 
placed too close to the sound source. A distance 
of at least two feet between the source and micro¬ 
phone is essential, three to four feet being preferred. 
If this is not done, accentuation of the low fre¬ 
quencies with a resultant “booming” effect will be 
experienced. 

9-14. RCA 44-BX Velocity Microphone —The 

type 44-BX microphone is a ribbon type micro¬ 
phone which operates on the pressure gradient 
principle and is especially designed to provide a 
microphone capable of reproducing sound with the 
fidelity required for modern radio broadcasting. 
The moving element is a very thin corrugated alu¬ 
minum ribbon, suspended between the poles of a 
permanent magnet. The ends of the ribbon are 
connected to the primary of a transformer which 
raises the impedance of the ribbon to either 50 or 
250 ohms. The ribbon is open to sound waves both 
front and back. Movement of the ribbon is due 
to the small instantaneous pressure differences exist¬ 
ing between the two faces of the ribbon as a result 


of sound waves. Measurements have shown that a 
microphone of this type provides a sound responsive 
device with an exceptionally uniform frequency 
response throughout the audio range used in radio 
broadcasting. 



f 


Fig. 9-23. RCA type 44-HX velocity microphone. 

The sensitivity and frequency response of the 
type 44-BX microphone arc practically unaffected 
by changes in temperature, humidity, and barometric 
pressure becau.se of its type of construction. The 
ribbon and magnet assembly is protected against 
mechanical injury by a perforated housing. A 
cover plate on the bottom of the microphone pro¬ 
vides access to the terminal board of the output 
transformer. The microphone is provided witli a 
cu.shion mounting which is tapped to fit a %-inch, 
straight pipe thread. 

9-14a. Technical Data 

1. Output: — 55 2 db effective level at 1000 cycles. 
1.8 X 10“® volts open circuit across 250 ohm tap. 
(With an input sound pressure of 10 dynes per 
square centimeter.) 

2. Output impedance: 50 or 250 ohms. 

3. Directional characteristics: Bi-directional, fig¬ 
ure 8 pattern. 

4. Frequency response: 30 to 15,000 cycles. 

5. Dimensions: Length 12 inches, width 4% 
inches, depth, 3% inches, weight 8V^ pounds. 

9-14b. Response Characteristic —Frequency re¬ 
sponse curves, taken with a plane progressive sound 
wave, are shown in figure 9-24. The response of 
the microphone can be altered to provide the charac¬ 
teristic most suitable for either music or voice by 

2 0 db «= 0.001 watt. 
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changing a jumper connection on the output ter¬ 
minal board. A small circular hole is provided in 
the cover plate of the transformer case through 
which may be seen the letter M (music) or V 
(voice), indicating whether the microphone is con¬ 
nected for music or voice. 
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Fig. 9-24. Frequency response of 44-BX microphone. 
(Courtesy RCA.) 


The response selector feature is incorporated for 
the sole purpose of supplying a microphone with the 
best possible characteristics for cither voice or 
music pick-up. It is not intended that alterations 
in response will be made between numbers on a 
program. It is recommended that the microphone 
l)e connected for one of these types of service, and 
then the use restricted to that type of service. 

9~14c. Directional Characteristics—One of the 
most important characteristics of the velocity micro¬ 
phone is its directional property. For equal dis¬ 
tances from the microphone, the relative response 
to sound originating at various angles in a hori¬ 
zontal plane perpendicular to the ribbon is shown 
in Figure 9-2.'5. Sound waves approaching the 
microphone from either direction along an axis 
perpendicular to the plane of the ribbon have the 
maximum effect. Sound waves from a direction in 
the same plane as the ribbon have little effect 
upon it. 

A directional characteristic of this type results 
in a considerable reduction in the pick-up of back¬ 
ground noise and reflected sounds because such 
sounds from side directions will have little effect. 
When used for public address or sound reinforcing 
purposes, the directional characteristic is of consid¬ 
erable value in reducing feed-back effects between 
the microphone and loud-speaker. The allowable 
operating distance of the velocity microphone is 
approximately 1.7 times that of a non-directional 
microphone of the same sensitivity. 

9-14d. Connections—With the cover plate of 
the transformer housing removed, the output ter¬ 
minal board will be exposed. On one side of the 
terminal board there are four terminals (see Fig¬ 
ure 9-26). The two outside ones are the output 


terminals, with one marked ± to indicate the phas¬ 
ing. The unit as shipped from the factory is con¬ 
nected for 250-ohm operation by having both the 
jumpers across the center terminals (marked 250). 
For 50-ohm operation, the two jumpers .should be 
removed from across the center terminals and con¬ 
nected so that there is a jumper across each pair 
of terminals marked 50. 

On the other side of the terminal board there 
are two terminals across which there .should be a 
jumper marked V. This indicates the unit is con¬ 
nected for voice operation. For music operation 
this V jumper should be removed from one terminal 
and, with the other terminal as a pivot, turned 180® 
and then tightened. The letter M on the terminal 
board is now exposed, thus indicating the unit is 
connected for music operation. 



Fig. 9-25. Directional characteristics of 44-BX 
microphone. 

9-14e. Phasing —When the outputs of two or 
more microphones are fed into a common mixing 
circuit, it is neces.sary that their respective outputs 
be in phase. If tlie microphones are not in phase, 
the output of one will oppose the output of the 
other. This not only results in a reduction in the 
output but also introduces distortion to a varying 
degree. A velocity microphone may be rexfersed in 
phase by rotating the microphone through an arc 
of 180\ 
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9-14f. Operation —The velocity microphone is 
especially well adapted to studio use where its di¬ 
rectional characteristic and excellent response may 
be utilized to the best advantajje. Since broadcast- 
infj studios are usually constructed so that there is 
an optimum of sound reflection within the room, 
the problem introduced because of echoes and re¬ 
verberation is not a serious one. More attention 
may therefore be directed to the placement of the 
microphone so as to accentuate certain sounds and 
reduce others by means of the directional character¬ 
istics of the velocity microphone. Interesting ef¬ 
fects can be obtained by different arrangements of 
instruments and performers about the microphone. 

In order to secure the best results it is essential 
that the perfonners and instruments be grouped 
properly, and that all sources of sound be placed 
relative to the microphone so that each person or 
instrument will register with the proper relative 
intensity. The correct grouping and placement will 
be determined best by experience, since the require¬ 
ments of individual set-ups vary widely. The fol¬ 
lowing general rules may be helpful in developing 
the necessary technique for any particular situation. 


1. Even when the voice connection is used, never 
place artists, speakers, or singers within less than 
one foot of the microphone, except for special ef¬ 
fects. When the music connection is used, the best 
results are secured if the performer is three to four 
feet from the microphone. The low frequency re¬ 
sponse is increased if the source of sound is less 
than three feet from the microphone, and it is de¬ 
sirable to maintain this distance unless special ef¬ 
fects are wanted. Voices tend to become boomy 
and unnaturally deep-throated if the performer is 
too close to the microphone. Beyond three feet, 
the response is as shown by the curves in Figure 
9-24. 

2. Place the microphone so that the source of the 
sounds that are to be reproduced will be either to 
the front or back of the microphone. Also, position 
the microphone so that the source of unwanted 
sounds is toward the sides of the microphone, where 
such sounds will be attenuated. 

3. Place instruments having a low frequency 
range at greater angles with the perpendicular to 
the microphone ribbon, while instruments having 
higher frequency ranges may be placed in line with 
this perpendicular or removed from it only by small 
angles. The mid-frequency instruments are, of 
course, spaced in between those having the higher 
and lower ranges. Referring to the chart, Figure 
9-25, which shows the directional characteristics of 
the microphone, will assist in placement of the 
various instruments and performers to the best 
advantage. 

4. Protect the microphone from strong winds or 
loud explosive type sounds. Such sounds may 
stretch the microphone ribbon abnormally and 
necessitate replacement of the ribbon. 

5. Place the microphone so that sound from the 
subject is received directly and not reflected sound 
from tables, walls, etc. 

9-15. The Unidirectional Microphone —The 

unidirectional microphone consists of a nondirec- 
tional pressure-actuated microphone and a bi¬ 
directional velocity-actuated microphone, both con¬ 
tained in the same housing. The outjmt of the two 
units is combined with the phasing so arranged that 
a cardioid or unidirectional pattern is obtained. In 
general, there arc two types of unidirectional micro¬ 
phones; those employing a velocity-actuated ribbon 
and a pressure-actuated moving coil unit, and those 
employing a velocity-actuated and a pressure- 
actuated ribbon unit. In some units of the latter 
type, a single ribbon is employed, with the ribbon 
divided into two sections. One section is open at 
both sides, and is therefore velocity-actuated. The 
other section is closed at the rear by means of an 
acoustical labyrinth which removes the pressure 
from the rear and results in a pressure-actuated 
section. 

Unidirectional characteristics result from this 
combination of two units in the following manner. 
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When a sound wave reaches the two elements from 
a point in front of the microphone, the voltages 
induced in each section are in phase and therefore 
iidd; hut, when the sound reaches them from the 
rear, the induced voltages are 180° out of phase, 
and cancel. 

In most unidirectional microphones, advantage is 
taken of the fact that two other characteristics, in 
addition to the cardioid or unidirectional response, 
are possible. One is a bi-directional pattern ob¬ 
tained by using the velocity-actuated unit alone; 
the other a nondirectional pattern by using the 
pressure-actuated unit alone. These microphones 
are therefore usually equipped with a switch per¬ 
mitting the .selection of any one of the three 
characteristics. 

The directional effects possible with these com¬ 
bination units are quite useful in many studio, as 
well as field, jiick-ups. The unidirectional pattern 
is particularly desirable when it is necessary to dis- 
crimuiate against sounds coming from the rear of 
the microphone, such as would be the case in 
j)icking up an orchestra in a crowded night club. 
The construction of these units is usually quite 



Fig. 9-27. Line drawing of Western Electric 639A 
microphone showing internal connections. (Courtesy West¬ 
ern Electric.) 


rugged, and they are capable of withstanding rea¬ 
sonably rough handling, such as would be received 
in normal service. A disadvantage of the unidirec¬ 
tional microphone is the fact that the directional 
pattern changes as a function of frequency. 



Fig. 9-28. Reference chart for interpreting the perform¬ 
ance of the 6.39A cardioid directional microphone. (Cour¬ 
tesy Western Electric.) 


9~16. Western Electric 639~A Cardioid Micro¬ 
phone —The Western Electric 639A cardioid 
microphone, illustrated in Figure 9-27, is a com¬ 
bination of a dynamic moving coil type pressure 
element and an improved ribbon type velocity ele¬ 
ment enclosed in an attractive housing which serves 
as a protective guard and as a wind screen. 

When the outputs of these two elements arc com¬ 
bined equally, the directional characteristic of the 
microphone is the heart-shaped cardioid curve C. 
shown in Figure 9-28. Use of the elements alone 
presents pattern D (dynamic) and R (ribbon). 
The cardioid directional performance of the 639A 
over the entire useful frequency range insures a 
practical, wide pick-up angle of at least 120° at the 
front of the microphone over which the quality is 
unchanged and the sensitivity remains practically 
the same. Sound engineers find this microphone 
invaluable for difficult studio, theater, auditorium, 
and night club jobs. 

The 639A microphone is of such construction 
that it is sufficiently rugged to withstand the effect 
of normal handling, but it should not be subjected 
to abuse. Therefore, treat it with the same consid¬ 
eration as would be given to other types of precision 
devices. Keep the zipper cover on when the micro¬ 
phone is not in use. This will protect the finish and 
prevent accumulation of dust or iron filings. The 
housing grill is of weight-saving cast aluminum, 
and wide spacing between bars is necessary to per¬ 
mit sound to pass through. In transporting this 
microphone, as on remote jobs, always pack in a 
protecting box. 
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Because of a newly designed ribbon element 
which is of rugged construction, the 639A is much 
less susceptible to wind noise than usual ribbon 
microphones, and may be used satisfactorily under 
breezy conditions. However, ribbon microphones 
should not be subjected to extreme wind conditions 
and the 639A is not an exception. 

The open circuit terminal voltage of the 639A 
microphone is approximately 64 db below one volt/ 
10 dynes/cm-. The frequency does not deviate 
from the average more than ± 4 db over the range 
from 40 to 10,000 cycles. 

The 639A is designed for operation with input 
equipment which will work from impedances of 30 
to 50 ohms. Use with amplifiers designed to work 
from higher impedances is possible under certain 
conditions, but care should be taken to consider the 
undesirable results of the mismatch. 

In comparing the performance of the cardioid 
“C** ]>osition with either the dynamic “D** or ribbon 
“R” positions of the three-way switch, it should be 
remembered that the output level for and “R” 
is 6 db lower than that of “C.” 

9-17. RCA 77-D Polydirectional Microphone— 
The RCA type 77-D polydirectional microphone is 
a high-fidelity microjihone of the ribbon type. It 
is possible, as indicated by the name, to obtain a 
variety of directional patterns. 



Fig. 9-29. RCA 77-D polydirectional microphone. 


Instead of being open on both sides as in tlie 
conventional velocity microphone, the ribbon ele¬ 
ment in this microphone is coupled to an acoustic 
labyrinth which forms the body portion of the 


microphone. The tube connecting the back of the 
ribbon to the labyrinth is slotted directly behind the 
ribbon and fitted with an adjustable shutter to secure 
various areas of opening. When the opening is 
completely closed, the microphone operates as a non- 
directional pressure microphone; at the wide-open 
position, the microphone becomes bi-directional. 
With the proper size opening, the pattern becomes a 
cardioid by virtue of the phase shift which occurs. 
Openings smaller or larger than this critical size 
produce directional patterns with various sized rear 
lobes. 

Different amounts of low-frequency attenuation 
are obtained by a reactor shunting the output. 
9-17a. Technical Data 

1. Output impedance: 50, 250 and 600 ohms. 

2. Load impedance: Open circuit. 

3. Effective output level at WOO cycles '^ 
Bidirectional (B) : — 54.3 dbm 
Unidirectional (U) : — 57.3 dbm 
Nondirectional (N): — 60.3 dbm 

L-1, L-2, L-3: between — 54.3 and — 57.3 dbm. 

4. Dimensions and weight 

Length: 11% inches Width: 3% inches 
Depth: 2% inches Weight: 4% pounds. 

9-17b. Application —The 77-D microphone is 
intended for use in broadcast studios, high-fidelity 
sound systems and similar applications, it is in¬ 
tended primarily for indoor use and if used outdoors 
may require some additional protection against 
wind. 

The choice of directional patterns makes possible 
a considerable degree of control of the ratio of 
direct sound to reverberant sound as well as the 
possible reduction of unwanted sound such as audi¬ 
ence noise in a studio. The wide angle of pick-up 
provided by the cardioid pattern is useful in cover¬ 
ing large groups with a single microphone. For 
close-talking applications the nondirectional charac¬ 
teristic is of considerable value since the low- 
frequency response is not accentuated as in the case 
of a velocity microphone. Numerous other applica¬ 
tions of the various directional patterns as well as 
the different response curves will no doubt suggest 
themselves to the user. 

9-17c. Connections —As shipped, the micro¬ 
phone is connected to show an output impedance of 
250 ohms. To connect the microphone for an out¬ 
put impedance of 50 or 600 ohms, first lower the 
bottom cover by removing the four machine screws 
around the rim of the cover. Pull the cover down 
until the transformer terminal board connections 
are accessible. For the proper cable connections, 
refer to Figure 9-30. 

9-17d. Directional Characteristics —The ad¬ 
justable shutter over the slot in the tube leading to 
the acoustic labyrinth may be rotated by means of 
a screwdriver adjustment extending through the 
rear screen flush with a designation plate. 

3 Sound pre.ssure= 10 dynes/cm*. 
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The plate is marked U, N and B, as symbols for 
the unidirectional, nondirectional and bi-directional 
patterns. Three additional markings L-l, L-2 and 
L~3 are used as reference poipts for other direc- 



Fk;. Q-3(). Schematic and connection diagram for 
RCA 77D microphone. (Courtesy RCA ) 


tional patterns which may be obtained. Refer to 
Figure 9-31 for the patterns associated with each 
of the six symbols. .Stops are provided on the 
continuously-variable pattern selector at the six 
marked positions, although the shutter may be set 
at any intermediate position. 

9-17e. Frequency Response —At the bottom of 
the lower shell is a screwdriver-operated .selector 
marked M (music), and V 2 (voice). The voice 
positions connect a reactor across the entire sec¬ 
ondary or part of the secondary of the output trans¬ 
former, depending on the switch position (see 
diagram. Figure 9-30). Refer to Figure 9-32 for 
the frequency response characteristics of each set¬ 
ting. As can be seen from the curves, the reactor 
attenuates the low frequency response. This is 
especially desirable when the microphone is less 
than three feet from the source of sound as the 
low frequency response would otherwise be 
exaggerated. 

9-17f. Frequency Response Settings —For 

sound sources greater than three feet from the 
microphone, the frequency response selector can be 
used in the M position for any of the directional 
response patterns. If the nondirectional character¬ 
istic is used, no low frequency attenuation should 
be required even for very small distances. If the 
bi-directional or unidirectional patterns are used, 
low frequency attenuation will be required when the 
sound source is less than three feet from the micro¬ 
phone, unless special effects are desired. It is sug¬ 
gested that the position be used for distances 
down to one foot and the V 2 position for still 
shorter distances. Refer to Figure 9-32 for the 
frequency response curves of the M, Vj, and V 2 
settings. 


9-18. Crystal Microphones —A crystal micro¬ 
phone makes use of the piezo-electric properties of 
certain crystalline substances, notably Rochelle 
salts, for the generation of a voltage as a result 
of stress exerted on the crystal element by the 
pressure of sound energy. Two types of crystal 
microphones are in use: the “diaphragm^^ type, 
where the sound pressure causes a diaphragm to 
move, which, in turn, drives the crystal element; 
and the “sound ceir* type, where the sound pressure 
acts directly on the crystal element. The diaphragm 
type is more sensitive, hut its fre(iuency response is 
not as uniform as the sound cell type. 

The crystal element consists of two or more 
Rochelle salt crystal plates cemented together. The 
two most commonly used crystal plates are known 
as “expander” and “shear” plates, depending upon 
the angle of cut from the crystal bar. The faces 
of each crystal nlate are ground smooth whereupon 
graphite or metal foil (dectrodes with suitable leads 
are applied. The plates are then properly oriented 
and cemented together. Such an assembly of two 
or moic plates is known as a “bimorph.^* When 
two or more “expander” plates are employed, the 
resulting unit is known as a “bender” bimorph. 
Two or more “shear” plates form a “twister” 
bimorph. 1'hese terms are descriptive of the actual 
bimorph deformation which results should an elec¬ 
trical voltage he applied to the element. The as- 
.scmhled bimorph element is usually coated with a 
moisture proofing preparation to protect it from 
moi.sture and humidity. 

The sensitivity of the crystal microphone varies 
to some extent with temperature, having a maximum 
output at temperatures of 70° to 90° F. Satisfac¬ 
tory operation is obtained at temperatures ranging 
from —40° to +130° F, but, if exposed to tem¬ 
peratures in excess of + 130° F, the crystal will 
lose its piezo-electric properties permanently. 

Inasmuch as the crystal element is essentially a 
pure capacitance, the output of the microphone can 
be carried to an amplifier located a reasonable dis¬ 
tance away by means of a suitable low-capacitance 
cable. This will result in a loss of output level, 
but the frequency characteristics will not be 
impaired. 

The output impedance of the crystal microphone 
is quite high, and these units are therefore usually 
operated directly into the grid circuit of a vacuum 
tube. For this reason, cry.stal units are seldom em¬ 
ployed in broadcast audio facilities, where a micro¬ 
phone impedance of 150 ohms has been standardized. 

9-19, Control Room Audio Facilities —The 
fundamental requirements of the audio facilities in 
the studio control room are to provide the necessary 
amplification, mixing, and monitoring facilities to 
prepare properly the program material from micro¬ 
phones or other program sources for transmission 
to special program lines which carry the program 
to the radio transmitter. In small radio stations 
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Fig. 9-.32. Fmjuency response curves of RCA 77-D 
microphone. (Courtesy RCA.) 

with only one control room, the line to the trans¬ 
mitter is fed directly from the control room; in 
lai\q^er stations with many studios, the program is 
transmitted to a “master control’^ room from which 
point the program is switched to wire lines feeding 
the transmitter, or transmitters. 

The studio and control room, in either case, must 
provide the following basic facilities: 

1. Microphones or other sources of program 
material. 

2. Amplifiers to raise the extremely low output 
of microjihones to a level suitable for transmission. 

3. Mixing controls, by means of which the pro¬ 
gram material from several different program 
sources is blended together, as well as a “master 
volume control,” by means of which the over-all 
level of the mixed program can be adjusted without 
affecting the balance. 

4. Aural and visual monitoring facilities. 


In addition to the above basic facilities, other 
.supplementary features are usually provided, such 
as “talk-back” and “cue” facilities, as well as emer¬ 
gency audio and power facilities to insure continuity 
of service in any emergency. 

The importance of continuity of service in broad¬ 
cast operations cannot be overemphasized. There 
are two very important underlying reasons for this. 
First, broadcasting in the United States is supported 
by means of commercial programs in which a spon¬ 
sor pays for the u.se of the broadcast time and facili¬ 
ties of the station for advertising purposes. Should 
a technical error or equipment failure cause a loss 
of a part or all of such a sponsored program, it is 
customary for the station to make a refund to the 
sponsor. The second reason for absolute continuity 
of service lies in the reaction of the listener to an 
interruption in program service. The average lis¬ 
tener, who w’H remain tuned to a station even if 
he is not particularly interested in the program 
being transmitted, will become impatient very 
quickly when subjected to long jiauses or “dead air” 
and will tune his receiver to another station. A 
technical failure, even of short duration, will there¬ 
fore result in a station losing a large percentage of 
its audience. 

Figure 9-33 shows, in block diagram form, a 
typical six-position studio audio mixing installation. 
Two of the six inputs arc associated with studio 
microphones, two with transcription turntables, and 
two with incoming program lines. Such an ar¬ 
rangement is commonly encountered in the average 
radio studio. Each component employed in this il¬ 
lustration, with the exception of microphones which 
have already been covered, is described in the fol¬ 
lowing paragraphs. 

9-20. Preliminary Amplifiers—At the output 
terminals of a microphone there exists a signal volt¬ 
age and, in addition, a noise voltage. I'he noise 
voltage is thermal in nature and is caused by the 
random movement of electrons in the atomic struc¬ 
ture of the microphone circuit. Such noise voltages 
contain components of every possible frequency and 
will be found to exist across the terminals of any 
resistance. This is known as “thermal agitation,” 
and when amplified and reprodued, these noise volt¬ 
ages result in the hissing noise often erroneously 
referred to as tube hiss. This thermal agitation 
voltage is exceedingly small, its value in microphone 
circuits in the audio frequency range being in the 
vicinity of — 130 vu. However, the output signal 
level from the microphone is also quite low, ranging 
from — 60 to — 70 vu in present day dynamic 
and velocity microphones. Thus it can be seen that 
a signal-to-noise ratio of 60 to 70 db exists at the 
microphone terminals. Inasmuch as good engi¬ 
neering practice requires signal-to-noise ratios of 
this magnitude from the over-all audio system, the 
remainder of the system can contribute ve;*y little 
additional noi.se. 
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Fin. Typical studio audio facilities, providing six mixer positions. 


A volume control, or “mixer,is normally asso¬ 
ciated with each microphone. The resistance ele¬ 
ments formiiif?: this volume control also pfeneratc 
thermal agitation noise voltag:e of the same mapfni- 
tude as that ap])carinff at the microphone terminals. 
If the microphone were to be connected directly to 
this volume control, the already very low output of 
the microphone would be still further attenuated 
hut the noise would remain the same (at the ther¬ 
mal noise level), and the sig-nal-to-noise ratio would 
be g^rcatly dejjraded. Therefore, before the volume 
control can be introduced into the circuit, it is 
necessary to raise the level of the sig:nal voltage 
until it is well above the thermal noise. Accord¬ 
ingly, small one- or two-stage amplifiers having a 
gain of 30 to 40 db are commonly employed be¬ 
tween each microphone and its associated mixer 
control. These amplifiers are known as prelimi¬ 
nary amplifiers. 

An audio mixing system, in which these prelimi¬ 
nary amplifiers are employed, is known as “high 
level mixing.” A mixing system in which prelimi¬ 
nary amplifiers are not used is known as “low level 
mixing.” Low level mixing cannot be recom¬ 
mended for high-fidelity audio facilities where a 
maximum signal-to-noise ratio is required. In a 
system such as illustrated in Figure 9-33, the 
signal-to-noise ratio would be degraded by approxi¬ 
mately 25 to 35 db if low level mixing were 
employed. 

Preliminary amplifiers must be carefully designed 
to have the lowest possible noise level, as any noise 
contributed by them will be amplified by all the fol¬ 


lowing amplifier stages. The input transformer, 
which is operating at an exceedingly low* level, must 
be provided with the very finest electromagnetic 
and electrostatic shielding. A low-noise tube of 
special design, such as the type 1603 or 1620, is 
usually employed in these amplifiers. This tube is 
shock mounted to reduce tube microphonics as much 
as possible. Finally, great c^re must be exercised 
in circuit design to reduce the hum level to the 
lowest possible point. 

Inasmuch as no control of volume takes place 
between the microphone and preliminary amplifier, 
the amplifier must be capable of handling rather 
large output levels without overloading. It must 
be realized that the rated output of microphones is 
for normal sound levels, but when a speaker shouts 
directly into a microphone or a loud musical instru¬ 
ment, such as a trumpet, is play directly into a 
microphone, the output level of the microphone and 
of the preliminary amplifier will exceed the normal 
value, in some cases by as much as 30 db. The 
preliminary amplifier must be capable of handling 
these large output levels without overloading. 
Inasmuch as good amplifier design requires that an 
amplifier be capable of a sine-wave output 10 db 
greater than the normal maximum output, in order 
to provide for program peaks, a preliminary ampli¬ 
fier with a gain of 40 db should be capable of han¬ 
dling output levels as high as + 20 dbm (0.1 watt) 
without excessive distortion. 

In radio work it is a basic rule that the im¬ 
pedances of any interconnected circuits must be 
matched, but the case of the microphone and pre- 
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liminary amplifier is an exception to this rule. 
Low-impedance microphones, such as the dynamic 
and velocity types, are basically voltage-generating 
devices and their output impedance is not matched 
to the input impedance of the preliminary amplifier. 
The amplifier input impedance is actually many 
times the microphone impedance and thereby prac¬ 
tically the entire open-circuit voltage of the micro¬ 
phone is impressed across the amplifier input termi¬ 
nals. This is a case of maximum voltage transfer, 
not power transfer, and by operating the micro¬ 
phone into an open circuit in this manner, two times 
the voltage is impressed across the amplifier input 
as would be the case if the impedances were 
matched. This is equivalent to a gain of 6 db 
and results in a better signal-to-noise ratio than if 
impedance matching were employed. As the micro¬ 
phone is almost always coupled to the grid of the 
first amplifier tube by means of a transformer, the 
amplifier input impedance is made high by omitting 
the terminating resistor from the secondary side of 
this transformer. 

The output impedance of preliminary amplifiers 
used in broadcast work has been standardized at 
600 and 150 ohms. The output of the preliminary 
amplifier is matched to the mixer volume control in 
the conventional manner. 

9-21. Langevin Type 116-A Amplifier —The 
typo 116-A amplifier is a small, plug-in, two-stage, 
medium-gain, low-noise preamplifier or booster 
amplifier for use in broadcast audio facilities, re¬ 
cording facilities, or sound systems. 



Fig. 9-34. Langevin 116A preliminary amplifier. 

9-21a. Technical Data 

1. Gain: 40 db with provision for adjusting to 
34 db. 

2. Input source impedance: 30/150/250/600 ohms. 
Center taps are available when strapped for 150 or 
600 ohms. 


3. Output load impedance: 150 or 600 ohms. 
Center tap is available when strapped for 600 ohms. 

4. Output power: -f 18 dbm (.063 watts) with 
less than 0.5 percent rms total harmonic distortion 
over the range 50 to 15,000 cps, and less than 1 
percent total harmonic distortion over the range 30 
to 15,000 cps. 

5. Output noise: Unweighted, equivalent to an 
input signal of — 120 to — 124 dbm, depending 
upon input tube, over the band 50 to 15,000 cps. 

6. Frequency characteristics: ± 1 db over the 
range 30 to 15,000 cps. 

7. External poiver requirements: Filament: 6.3 
volts a.c. at 0.6 amp. Plate: 275 volts d.c., 8 ma. 

8. Tube complement: Two 1620’s. 

9. Dimensions * Length 10 inches, width 2 inches, 
height 5 inches, weight 4 pounds. 

9-21b. Connections 

Plug Pin 

Numbers Circuit 

1 2 Input* 

3 Chassis ground 

4-0 Output t 

5 Tube current meter (If metering 

push buttons used) 

7 Tube current meter (positive) VT-1 

8 '1 ube current meter (positive) VT-2 

9 Blank 

10 Blank 

11-12 Filament 6.3 volts a.c 0.6 amp 

13 B— and meter (negative) 

14 _ B-h 275 volts d.c. 

* On unbalanced input circuits, the grounded side should 
be connected to pm 1 

t On unbalanced output circuits, the grounded side should 
be connected to pm 6. 

9-21c. Metering Circuits—Metering circuits 
are designed to measure the cathode current of the 
individual tubes expressed as a percentage of a nor¬ 
mal tube, using a meter having a 200 microampere 
movement. A series resistor should be added so 
that the total resistance of the meter and resistor 
is 1000 ohms. The meter scale should be cali¬ 
brated so that nominal cathode current (100 per¬ 
cent) will read at 75 percent of full scale. 

The amplifier is supplied with the metering con¬ 
nections of the individual tubes brought out to 
pins on the plug for use with an external meter 
switch. However, provision has been made for 
push button meter switches in the handle end of the 
chassis if it is desired to meter the tubes at the 
amplifier. 

^21d. Grounding—Connect the main ground 
to pin 3 on the plug receptacle. Ground the nega¬ 
tive side of the plate supply in the following man¬ 
ner: When one amplifier is being used, strap pin 
13 to pin 3. When several amplifiers are used in 
a system, and obtain plate power from a common 
source, apply the ground at only one point in the 
system. 

The center tap of the filament supply sl}ould be 
grounded. In some cases, however, it may be neces- 
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Fig. 9-35. Schematic diagram of Langevin 


sary to apply positive bias to the filament center 
tap with respect to g:rouncl, in order to reduce hum 
caused by filament to cathode leakage. In this 
event, a resistor can be connected across the plate 
voltage supply so that a portion of the plate voltage, 
6 to 12 volts, can be tapped off and fed to the fila¬ 
ment center tap. 

9~21e. Impedance—The 116-A amplifier, as 
shipped, is connected to work from a source im¬ 
pedance of 30 ohms and into a load impedance of 
600 ohms. If other impedances are desired, the 
amplifier may be restrapped in accordance with the 
table on Figure 9-35. Strapping for the input is 
accomplished on the terminal strip; for the output 
on the output transformer. 

Center taps are available on the input of the 116A 
amplifier when the unit is strapped for 150 or 600 
ohms and on the output when strapped for 600 ohms. 
The input center tap can be grounded on the ter¬ 
minal strip. In order to ground the output center 
tap, run an additional wire from a ground point to 
the output transformer terminals. 

9-21f. Gain —This amplifier is supplied with a 
gain of 40 db. The gain may be reduced to 34 db 
by restrapping the feedback windings on the output 
transformer, according to the table on Figure 9-35. 

9-21g. Tube Substitutions —In an emergency, 
if a 1620 vacuum tube is not available, a 6J7 tu^ 



RESISTOR STRIR NUMBERING 

116A preliminary amplifier. 

can be substituted. This substitution may result in 
a decrease in output power and an increase in output 
noise level. 

9-22. Mixer Circuits—Mixing is the process of 
combining the outputs of a group of volume con¬ 
trols into a single program channel. It is through 
the use of mixer circuits that the program material 
from several different microphones are combined, or 
blended, in the proper proportions, to obtain the de¬ 
sired overall effect. By the skillful manipulation of 
a group of mixers, it is possible to create a pleasing 
balance of all elements of a program. 

Various transition effects are commonly achieved 
by using the mixer controls to “fade-out” one scene 
and “fade-in” another. Mixers are also used to 
“fade-down” a musical transmission to permit an¬ 
nouncements to be made over the music. Because 
of these functions, the mixer controls are often 
referred to as “faders.” 

9-22a. Mixer Controls—Mixer controls are 
usually variable resistance attenuation networks, 
and there are two different types in general use, the 
“bridged-T,” and the unbalanced-to-ground “ladder” 
type.* Mixer controls in common use provide at¬ 
tenuation at a uniform rate over the greater portion 

♦ Balanced-to-ground versions of these controls are also 
occasionally employed. ^ In general, these consist of two of 
the above-mention^ units mounted on a common shaft. 
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of their range until an attenuation of approximately 
40 db is reached, whereupon the attenuation in¬ 
creases rapidly in the last few degrees of rotation 
until a maximum attenuation of approximately 120 
db is reached. The standard impedance of these 
units for broadcast work is 600 and 150 ohms. 
These attenuators must perform their function 
smoothly without noticeable jumps in level as the 
arm of the attenuator passes from contact to con¬ 
tact. In addition, they must not contribute any 
noise into the system. 



Kig. 9-36. A variable briflife<l-T resistance attenuation 
network commonly employed as a mixer control in audio 
facilities. (Courtesj The Da\en Co.) 


A brklgc-T type of mixer control is illustrated in 
Figure 9-36, and its circuit arrangement is shown 
in Figure 9-37. Hie bridged-T network is elec¬ 
trically equivalent to a regular T network but re¬ 


quires only two adjustable resistance elements in¬ 
stead of three. The input and output resistance of 
the bridged-T network remains constant within 
quite narrow limits over its entire attenuation range 



I*‘lG. 9-.17. Circuit arran^fcmcnt of bridf?ed-T 
ni \er con'rol. 


and this type of network has no insertion loss when 
set to the point of minimum attenuation. Because 
of these advantages, the bridged-T type mixer is 
employed in audio systems where the very finest 
performance is retiuired. 

A ladder type of mixer control is illustrated in 
Figure 9-39, and the circuit arrangement is shown 
in Figure 9-40. 'fhe ladder network has the dis¬ 
advantage that it introduces an insertion loss of 6 
db. In addition, the input and output impedances, 
although within reasonable limits, depart more from 
the rated value than in the case of the bridged-T 
network, particularly at the two extremes of rota¬ 
tion. Ladder controls of special design are avail¬ 
able in which the insertion loss has been reduced 
considerably by employing a two-to-one impedance 



-•—CLOCKWISE ROTATION 

Fig. 9—38. Impedance versus attenuator setting for the bridged-T net¬ 
work. The impedance curve shown applies to both the input and output 
circuits of the attenuator. These data are for an attenuator having a nomi¬ 
nal impedance of 500 ohms, with 30 steps of 1.5 db attenuation per step. 
The rate of attenuation increases rapidly on the last three steps. (Courtesy 
The Daven Co.) 
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Fig. 9-39. The ladder type of variable resistance at¬ 
tenuation network also employed as mixer control in audio 
facilities. (Courtesy The Daven Co.) 


ratio, that is, the input impedance is one half the 
output impedance, or vice-versa. 

The ladder control is simpler in construction than 
the bridg:ed-T type inasmuch as only a single row 
of contact points are required. This simpler con¬ 
struction results in a lower cost and for this reason 


ladder controls are usually employed where cost is 
an important consideration. 

9-22b. Master Volume Control —A master vol¬ 
ume control is provided to permit adjustment of 
the over-all output level of the studio without af¬ 
fecting the balance achieved by means of the mixer 
controls. By means of this control, it is possible 
to set the mixers for the proper program balance 
and then control the over-all level with a single 
control. The master volume control is also useful 
for fading in and fading out at the beginning and 
conclusion of a program. 

It is common practice to employ the same type 
of unit for the master volume control as is used for 
the mixer controls, that is, a bridged-T or ladder 
attenuator with uniform attenuation characteristics 
over the greater portion of its range and rapid at¬ 
tenuation on the last few steps. 

9-22c. Mixer Matching Network— A mixer 
matching network is a resistance network designed 
to combine the outputs of the mixer volume con¬ 
trols into a single channel. To accomplish this 
properly, the mixer matching network must provide 
correct impedance relationships between all circuit 
components. The requirements for the mixer 
matching network may be stated as follows: 



Fk.. 9-40. Circuit arrangement of iinbalanced-to-ground ladder mixer control. 



^CLOCKWiaC ROTATION 

Fig. 9-41. Impedance versus attenuator setting for the ladder type net¬ 
work. These data are for a unit with a nominal impedance rating of 500 
ohms, and having 30 steps of 1.5 db attenuation per step. The rate of 
attenuation increases rapidly on the last three steps. (Courtesy The Daven 
Co.) 
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1. The mixer matching network must properly 
combine the outputs of all mixer controls into a 
single channel. 

2. It must also provide a correct load impedance 
for each mixer control. 

3. In addition, it must provide the correct source 
impedance for the following circuit element, which 
may be a master volume control, or in some cases, 
a booster amplifier. 

Figure 9-42 shows the circuit arrangement of a 
mixer matching network having like input and out¬ 
put impedances. The values of the series resistors 
are given for circuits with from two to eight mixer 
controls, as well as the network loss in each case. 
Values for mixer circuits with more than eight posi¬ 
tions can be found by use of the design equations 
which are given. 

If the attenuation introduced by the matching net¬ 
work of Figure 9-42 is too great. Figure 9-43 shows 
another arrangement with lower insertion loss. 
This network is known as a “minimum loss** match¬ 
ing network and entails the use of a special match¬ 
ing transformer to restore the output impedance to 
the same value as the input impedance or to any 
desired value. This transformer must be of the 
best possible design if present-day frequency re¬ 
sponse standards are to be met and, in addition, 
must be equipped with the finest electromagnetic 
shielding to prevent hum pick-up. 

It is common present-day practice to employ a 
niicro])hoiie preliminary amplifier as a booster, and, 


as these amplifiers have a very high input im¬ 
pedance, a special matching problem arises. A 
mixer matching network for use under these circum¬ 
stances is shown in Figure 9-44. 

9-23. Booster Amplifier —If the maximum 
signal-to-noise ratio is to be obtained from an audio 
system it is important that the signal level at any 
point in the circuit never be allowed to fall below 
the signal level existing at the output terminals of 
the microphone. The attenuation introduced by the 
mixer control and matching network is often suffi¬ 
cient to cause this to occur at the output of the 
master volume control unless amplification is pro¬ 
vided between the mixer matching network and the 
master volume control. 

An amplifier employed for this purpose is known 
as a “booster** amplifier and usually consists of one 
or two stages of amplification wdth a gain of 30 to 
40 db. In broadcast work, booster amplifiers are 
designed to operate from a source impedance of 
150 and 6(X) ohms into a load impedance of 600 
and 150 ohms. It is common practice to use a 
microphone preliminary amplifier as a booster, but 
inasmuch as these amplifiers have a very high input 
impedance (although designed to operate from a 
source impedance of 6(X) and 150 ohms) special 
consideration must be given to the design of the 
mixer matching network. This has already been 
discussed in the preceding section. 

9-24. Program Amplifier —Because of the at¬ 
tenuation introduced by the normal operating set- 
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Fir;. 9-42. A mixer matching-network for use between like impedances. 
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Fig. 9-43. The niininnini loss mixer matching-network. 
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tings of the mixer controls and the master volume 
control, as well as additional attenuation introduced 
by the mixer matching network and insertion loss 
of ladder volume controls, if used, the program level 
at the output of the master volume control is very 
low. In order to increase this level to a value 
suitable for transmission, a program amplifier is 
employed. Program amplifiers in common use pro¬ 
vide a gain of 50 to 70 db and have had their input 
and output impedances standardized at 150 and 600 
ohms for broadcast work. Inasmuch as the stand¬ 
ard transmission level from studios is -f 8 vu and 
a 6-db isolating pad is used following the program 
amplifier, they are usually operated at an output 
level of -f 14 7'w. Good amplifier design requires 
that an amplifier be capable of a sine-wave output 
10 db greater than the normal operating level to 
accommodate program peaks; therefore the program 
amplifier must deliver an output of -f 24 dbm 
(about 250 milliwatts) without excessive distortion. 

9-25. RCA BA-3 A Program Amplifier—The 
type BA-3A program amplifier is a three-stage, 
resistance-capacitance coupled unit of the plug-in 
type, incorporating a self-contained power supply. 
By suitable arrangement of the input connections, 
this unit can be used as a line amplifier, program 
amplifier, or high-level isolation amplifier. A dual 
volume control is employed, which simultaneously 
controls the gain of the first and second stages. 

9-25a. Technical Data 

1. Power supply: 100 to 130 volts, 50 to 60 cps, 
55 watts. 


2. Tubes: 2 RCA 1620; 1 RCA 1622; 1 RCA 
SY3 GT/G. 

3. Source impedance: 600-ohm or 250-ohm source. 

4. Input impedance: Matching—550 ohms; bridg¬ 
ing—20,000 ohms. 

5. Rated output Ici^cl and distortion: -f 30 dbm 
with 0.5 percent total rms distortion from 50 cps 
to 15.000 cps; -f 30 dbm with 1.0 percent total rms 
di.stortion from 30 cps to 15,000 cps. 

6. Gain: With gain control at maximum: 65.5 
db when operating from a 600-ohm source into a 
600-ohni load; 27.5 db when operating from bridg¬ 
ing input into a 600-ohm load. 

7. Frequency response: ± 1 db from 30 cps to 
15,000 cps. 

8. Noise lintel: The total noise level of the ampli¬ 
fier measured with a 600-olim resistance across the 
input terminals is 82 db or more below the rated 
output level of the amplifier with volume control 
in tl e maximum position. 

9. Isolation: 90 db (with matching input). 

9-2Sb. Circuit—An input tran.sformer, tapped 

for use with a 600-ohm or a 250-ohm source, sup¬ 
plies the signal to the grid of the first-stage tube. 
Resistance-capacitance coupling is u.sed between the 
first and second stages and between the second and 
tliird stages. A dual-potentiometer type gain con¬ 
trol is a feature of the circuit. One section of this 
potentiometer is connected in the grid circuit of 
the first-stage tube while the other section is con¬ 
nected in the grid circuit of the second-stage tube. 
An output transformer, with a tapped secondary 



Fig. 9-45. Schematic diagram of RC.A B.\-3A program amplifier. (Courtesy RCA.) 
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winding, couples the third-stage tube to a balanced 
600-ohm line or to a variety of other load impedances. 

Inverse feedback from a tertiary winding on the 
output transformer to the cathode of the second- 
stage tube is included to reduce distortion, improve 
the frequency response, improve the output regula¬ 
tion and reduce instability caused by fluctuations in 
the a-c supply voltage and small variations in the 
characteristics of the tube used. 

A hum-adjustment potentiometer; marked hum, 
is located on the top of the chassis between the recti¬ 
fier and the output tube. A screwdriver slot is 
provided in the potentiometer shaft for adjusting 
the hum and noise level in the amplifier output cir¬ 
cuit to a minimum. 

A four-position rotary switch is mounted on the 
front panel of the amplifier chassis. This switch is 
designed to be used in conjunction with a metering 
panel to indicate the cathode current of the indi¬ 
vidual tubes. A meter having an internal resistance 
of at least 20,000 ohms-per-volt may be used. 

The self-contained power supply consists of a 
power transformer and a high-vacuum rectifier tube 
followed by a resistance-capacitance type filter. 
The electrolytic condensers in the filter circuit are 
of the plug-in type. A fuse holder is conveniently 
located on the top of the amplifier chassis near the 
rectifier tube. A glass-type fuse having a rating of 
1 amp is used. 

9-25c. Installation—All connections to the am¬ 
plifier enter the unit through the two 10-prong plugs 
mounted on the rear panel of the chassis. The 
input plug is to the left (as viewed from the front 
of the amplifier) and the output plug is to the right 
directly behind the power transformer. Two identi¬ 
cal 10-prong sockets, designed to mate with the 
amplifier connection plugs, are included in the kit 
which is supplied with each amplifier. 

All audio leads should be shielded twisted-pair 
copper wire. All joints should be securely soldered. 
1'o prevent undesirable noise pick-up and cross-talk, 
the .shielding of the lines to the input terminals of 
the amplifier should be covered with a cotton braid 
or other suitable insulation and the shielding should 
be grounded only at the amplifier (point of lowest 
level). Make sure that the shields are electrically 
continuous. Do not run the audio-input leads adja¬ 
cent to, or laced in with, a-c or high-level audio 
lines. If the input circuits run in conduit or duct 
which may be subject to moisture a type of wiring 
having a natural or synthetic rubber covering over 
the shield should be used. 

The amplifier is factory-wired for matching op¬ 
eration from a 6()0-ohm or a 250-ohm balanced 
source. Wire the incoming line to the terminals 
of the input-connection socket (furnished with the 
adapter kit) as follows: 

1. For operation from a 600-ohm balanced 
source, connect the line to socket terminals 11 
and 12. 


2. For operation from a 250-ohm balanced source, 
connect the line to socket terminals 3 and 4. 

When the input circuit operates from an un¬ 
balanced source, it will be necessary to disconnect 
the ground connection on the center-tap of the 
input-transformer primary winding. To do this, 
remove the jumper-connecting terminals 2 and 4 
on the input transformer (T-1). Connect the in¬ 
coming line as follows: 

1. For operation from a 600-ohm unbalanced 
source connect the line to terminals 11 and 12 
of the input connection socket. Make sure 
that the grounded side of the line connects to 
terminal 11. 

2. For operation from a 250-ohm unbalanced 
source, connect the line to terminals 3 and 4 
of the input connection socket. Make sure 
that the grounded side of the line connects to 
terminal 4. 


A built-in pad is provided which is connected 
ahead of the input transformer when the amplifier 
is to be used with bridging input. To connect this 
pad into the circuit, install two jumpers on the 
input-connection socket: one across terminals 9 and 
11, and one across terminals 7 and 12. Connect 
terminals 5 and 6 of the input connection socket 
across the line to be bridged. 

The type BA-3 A program amplifier is designed 
for operation into a variety of load impedances. 
The secondary winding of the output transformer 
(T-2) is provided with a number of taps which are 
brought out to the terminals of the connection 
plug (J-2) mounted on the rear of the amplifier 
chassis (directly behind the power transformer). 
The center tap of the output-transformer secondary 
winding (terminal 8 on the output transformer) is 
connected to terminals 4, 8 and 10 of the connection 
plug J-2. When the amplifier is operating into a 
600-ohm balanced load, this tap should be grounded. 
Connection to the plug (J-2) is made by means of 
one of the mating sockets supplied with each ampli¬ 
fier. The following table shows line connections 
for loads of various impedance: 


Load Impedance (ohms) 
600 (balanced). . . 
250 (unbalanced).. 

225. 

210 . 

150 . 

100 . 

90 . 

70 . 

15 . 

7.5 . 

5 . 

2.6 . 

1.3. 


Socket Terminals 
. 12 and 11 
. 12 and 9 
. 12 and 7 
. 12 and 3 
. 12 and 4 
. 11 and 3 
. 11 and 7 
. 11 and 9 
4 and 9 
. 4 and 7 
4 and 3 
9 and 3 
. 9 and 7 


Connect the a-c power supply for the amplifier to 
terminals 5 and 6 of the output connection socket. 
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Refer to J-2, Figure 9-45. To insure a low hum 
level the a-c supply circuit should be shielded and 
the shield grounded. The amplifier is factory- 
wired with the power transformer connected for 
operation from a 115-volt a-c power supply line. 
If the line voltage is normally 120 volts or higher, 
disconnect the red and black wire connected to ter¬ 
minal 11 on the power transformer, T-3, and con¬ 
nect this wire to terminal number 12. If the line 
voltage is normally 110 volts or lower, disconnect 
the red and black wire and connect it to terminal 10 
on T-3. Make sure that these connections are 
securely soldered. 

The four-position rotary switch mounted on the 
front panel of the amplifier chassis is designed to 
be used in conjunction with the type 15-D metering 
panel to conveniently check the operation of the 
individual tubes. Circuit arrangement is such that, 
with the tubes operating normally, the meter will 
read approximately 1 volt. When this panel is not 
available, any suitable voltmeter can be used having 
an internal resistance of 20,000 ohms-per-volt or 
higher. Connect the positive terminal of the meter 
to terminal 8 and the negative terminal of the meter 
to terminal 10 on the input connection socket, J-1. 

h'our sockets are provided on the chassis for the 
plug-in type capacitors. Condenser size and volt¬ 
age rating are stenciled on the chassis adjacent to 
the sockets. Plug the condensers into the correct 
sockets, making sure that the markings on the 
condenser cans correspond to the stenciled ratings 
on the chassis. 

9-25d. Frequency Compensation—Under cer¬ 
tain conditions, it may be desirable to provide addi¬ 
tional gain at either the high-frequency or the low- 
frequency end of the audio range. Figure 9-46 and 
Figure 9-47 show graphically the amount of in¬ 
crease that may be expected, while Figure 9-48 
illustrates the result of applying both high-frequency 
and low-frequency compensation in the same 
amplifier. 


1. Increasing High-frequency Gain, Three 
curves are shown in Figure 9-46, numbered 1, 2, 
and 3. These curves illustrate the frequency char¬ 
acteristics of the amplifier after alterations are 
completed to increase the high-frequency response 
by approximately one, two and three decibels at 
10,000 cycles. To make these alterations proceed 
as follows: 

1. To obtain a frequency response curve similar 
to number 1, replace the .0047-^f condenser 
marked C-5 in Figure 9-45 with one having a 
value of .0065 fii. Refer to Figure 9-49. 

2. To obtain a frequency response curve similar 
to number 2, replace the .0()47-;if condenser 
marked C-5 in Figure 9-45 with one h«iving 
a value of .0086 ^f. Refer to Figure 9-49. 

3. To obtain a frequency response curve similar 
to number 3, replace the .0047-fii condenser 
marked C-5 in Figure 9-45 with one having 
a value of .0112 fit Refer to Figure 9-49. 

2. Increasing Loiv-frequency Gain, The fre¬ 
quency response in the low-frequency region can 
be increased approximately 2% and 3^/^> deci¬ 
bels at 30 cycles by making the alterations de¬ 
scribed below. The frequency response curves re¬ 
sulting from these changes are illustrated in Fig¬ 
ure 9-^7. 

1. To obtain a frequency response curve similar 
to number 1, replace the 0.25-^f condenser 
marked C-4 in Figure 9-45 with one having 
a value of 0.03 fii and add the resistor and 
condenser marked X and Y as shown in Fig¬ 
ure 9-49. 

2. To obtain a frequency response curve similar 
to number 2, replace the 0.2S-fii condenser 
marked C-4 in Figure 9-45 with one having 
a value of 0.05 fii and add the resistor and 
condenser marked X and Y as shown in Fig¬ 
ure 9-49. 



FftKOUENCY IN CYCLES PER SECOND 8-S860067 


Fig. 9-46. Frequency response with hiRh-frequency compen.sation. (Courtesy RCA.) 
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Fig. 9-47. Frequency response with low-frequency compensation. 


(Courtesy RCA.) 



FREQUENCY IN CYCLES PER SECOND 8 - 886 OOB 8 

Fig. 9-48. Frequency response with high- and low-frequency compensation. (Courtesy RCA.) 


3. To obtain a frequency response curve similar 
to nutnber 3, replace the 0.25-^f condenser 
marked C-4 in Figure 9-45 with one having 
a value of 0.1 ^f and add the resistor and 
condenser marked X and Y as .shown in Fig¬ 
ure 9-49. 


In applications where system losses or other de¬ 
ficiencies require an increase in the amount of 
amplification at both the high-frequency and the 



for compensation in RCA BA-3 A amplifier. (Courtesy 
RCA.) 


low-frequency ends of the audio spectrum, some 
suitable combination can be selected and applied 
as described in the two preceding paragraphs. This 
will assi.st in obtaining, in a simple and effective 
manner, an over-all frequency response curve for 
the entire system which closely approaches the ideal 
desired. 

9-26. Monitoring Amplifier—^A monitoring am¬ 
plifier and associated loud-speaker are provided so 
the occupants of the control room can hear the 
program exactly as it is leaving the studio. Inas¬ 
much as more than one loud-speaker may be oper¬ 
ated from this amplifier, it is usually designed to 
deliver 10 to 20 watts of audio power with very 
low distortion. The input impedance of the moni¬ 
toring amplifier is usually very high in order that 
it may be ‘‘bridged” across the program circuit 
without affecting the program level or the program 
circuit impedance. The output impedance is de¬ 
signed to match the impedance of various types of 
loudspeaker loads. These amplifiers usually provide 
an insertion gain in the vicinity of 50 db. The 
performance, including the response-frequency 
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characteristics, distortion-frequency characteristics, 
and noise-level, should be as excellent as the state 
of the art permits. 

9-27. RCA BA-4 A Monitoring Amplifier —The 

type BA-4A monitoring amplifier has been designed 
primarily for monitoring and recording although, 
in an emergency, it may be used in the program 
channel of a transmitter. It is a four-stage, 
resistance-capacitance coupled amplifier with the 
output stage connected in push-pull. It is built on 
a plug-in type chassis and plug-in type electrolytic 
condensers are used to facilitate testing and servic¬ 
ing. The power supply is self-contained and all 
connections are made through the plugs at the rear 
of the chassis. 

9-27a. Circuit—The input transformer is tapped 
for a source impedance of 250 or 30 ohms balanced- 
to-ground. A 1620 tube, connected as a triode, is 
used in the first stage and a 1620 tube, connected 
as a pentode, in the second stage. A potentiometer 
in the grid circuit of the second tube provides vol¬ 
ume control within the unit. 

The third stage is a 6SN7 dual-triode connected 
as a phase inverter to drive the output tubes. In¬ 
verse feedback voltage, which is obtained from a 
tertiary winding on the output transformer, is intro¬ 
duced at the cathode of the first half of this stage. 

Two 1622 beam-power output tubes, connected 
in push-pull, are used in the output stage. The 
output transformer is tapped to provide a balanced 
outi)Ut of 600 ohms and unbalanced outputs of 250, 
15, 7.5, and 5 ohms. 


Power for plates and screens is obtained from a 
5R4GY rectifier tube used in conjunction with a 
power transformer and a resistance-capacitance 
type filter. Filament voltage is also obtained from 
the power transformer which is tapped for line 
voltages of 105, 115, and 125 volts. 

9-27b. Technical Data 

Four-stage High-gain Operation 

1. Power supply: 105 to 125 volts a-c, 105 W'atts, 
50 to 60 cps. 

2. Tubes: 

2 RCA-1620 or 2 RCA-6T7 « 1 RCA-6SN7 

2 RCA-1622 or 2 RCA-6L6« 1 R(^A-5R4GY 

3. Source impedance: 250- or 30-ohm source. 

4. Maximum input /erW; — 27 db.^’ 

5. Output impedance: 600 ohms balanced; 250, 15, 
7.5, and 5 ohms unbalanced. 

6. Pmver output: 12 watts with total rms distor¬ 
tion of less than 3 per cent from 50 to 7500 cps. 

7. Gain: With volume control at maximum posi¬ 
tion: 105 ±2 db when operating from a 250-ohm 
source into a 15- or 600-ohm load; 73 ± 2 db wdien 
operating with bridging volume control from a 600- 
ohm terminated line into a 15- or 600-ohm load. 

8. Noise level: Total noise level measured with 
a 250-ohm resistor across the input terminals: — 20 

0 When a slight increase in niicrophonics, hum, and dis¬ 
tortion can be tolerated. 

& 0 db — .001 watt. 



Fig. 9-50. Schematic diagram of RCA BA-4 A monitoring amplifier. (Courtesy RCA.) 
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db ® with volume control in maximum position; 
— 40 db ® with volume control in minimum position. 

9. Frequency response: ± 2 db from 30 to 15,000 
cps. operating from a 250-ohm source into a 15-ohm 
load. 

Three-stage Reduced-gain Operation 

1. Tubes: 

1 RCA-1620 or 1 RCA~6J7« 1 RCA^SN7 

2 RCA-1622 or 2 RCA-6L6^ I RCA-5U4G 

2. Maximum input level: —24 db.*^ 

3. Power output: Unchanged. 

4. Frequency response: Unchanged. 

5. Gain: With volume control at maximum posi¬ 
tion : 71 db when operating from a 250-ohm source 
into a 15-ohm load; 36 db when operating with 
bridging input into a 15-ohm load. 

6. Noise level: Total noise level with a 250-ohm 
resistor across the input: — 40 db ® with volume 
control in maximum position; — 60 db with vol¬ 
ume control in minimum position. 

9-27c. Connections—All connections are made 
to the sockets which mate with the plugs on the 
amplifier chassis. Two sockets are supplied with 
the amplifier, each having 10 solder-type terminals 
which are numbered to correspond with the num¬ 
bering of the plugs on the amplifier. Connections 
are made by soldering to these terminals. 

1. Audio Input Connections. All audio input 
leads should be shielded cable or a shielded, twisted 
pair. To prevent undesirable pick-up, the leads 
should not run adjacent to a-c, loud-speaker field 
supply, or high level audio leads. When working 
from a 250-ohm source, connect to terminals 11 
and 12 on the plug P-1. Use terminals 3 and 4 
when working from a 30-ohm source. 

If the input to the amplifier is from a device 
which has one side grounded (such as some phono¬ 
graph pick-ups), it will be necessary to remove the 
ground connection from the center tap of the ampli¬ 
fier input transformer primary. In this case the 
lead to terminal 6 on T-1 should be disconnected 
and, if a ground is desired on one side of the circuit, 
moved to terminal 1. 

When the amplifier is used to bridge a 600- or 
250-ohm line, it will be necessary to use the remote 
volume control unit which is furnished with the 
amplifier. 

2. Audio Output Connections. The secondary of 
the output transformer is center-tapped with the 
center tap connected to ground. The secondary has 
a number of taps which are brought out to the 
plug P-2. The following table gives the connec¬ 
tions for various load impedances: 

Plug Terminal 


Load Impedance Connections 

600 ohms balanced . 11 and 12 

15 ohms unbalanced. 9 and 10 

7.5 ohms unbalanced. 7 and 8 

5 ohms unbalanced. 4 and 3 


Output connections are made by soldering to the 
indicated terminals on the amplifier output socket. 

3. A-c Power Connections. The a-c power con¬ 
nections are made to terminals 5 and 6 on the ampli¬ 
fier output plug P-2. The power transformer is 
normally connected for a line voltage of 115 volts. 

9-27d. Frequency Compensation —In certain 
applications, it may be desirable to provide addi¬ 
tional gain at either the high-frequency or the 
low-frequency end of the audio range. This may 
be accomplished by the installation of resistance- 
capacitance networks for which a kit of parts is 
supplied with the amplifier. 

1. To Increase High-frequency Gain. To in¬ 
crease the gain in the high frequency region, pro¬ 
ceed as follows: 


a. Connect resistor R-6B (1,000 ohms) across 
terminal 2 and terminal 4 on the terminal board 
TB-S. 

b. Connect condenser C-2B (0.005 /xf) between 
terminal 4 on the terminal board TB-5 and the 
ground bus. 


These operations connect resistor R-6B and con¬ 
denser C>-2B in series from the cathode of the driver 
stage tube to ground (see Figure 9-51). The por¬ 
tion of the amplifier frequency response curve from 
1000 to 15,000 cycles will now be as shown in Fig¬ 
ure 9-52 and the portion from 30 to 1000 cycles 
will remain substantially flat. 





I - „ TO R-C2 and n-23 

MRTS TO BC AODCD AND CHANCED 
INDICATCO BT OOTTCO LINES 


Fig. 9-51. Modifications of RCA BA-4 A amplifier for 
frequency compensation. (Courtesy RCA.) 


2. To Increase Low-frequency Gain. To in¬ 
crease the gain in the low-frequency region, the 
following changes should be made: 

a. Remove resistor R-5 and connect resistor 
R-4B (56,000 ohms) from terminal 3 of the 
tube V-2 to terminal 1 on terminal board 
TB-1. (Terminal 1 was formerly blank.) 
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b. Remove resistor R-27 and replace it with re¬ 
sistor R-SB (150,000 ohms), connecting it 
from terminal 4 on the tube V-2 to terminal 
2 on the terminal board TB-1. 

c. Connect condenser C-IB (.015 ^f) and resistor 
R-5B (82,000 ohms) in parallel across ter¬ 
minals 1 and 2 on terminal board TB-1. 

d. Remove resistor R~26 and replace it with re¬ 
sistor R~2B (56,000 ohms), connecting it from 
terminal 4 on the tube V-2 to the ground bus. 

e. Remove resistor R-4 and replace it with re¬ 
sistor R-IB (750 ohms), connecting it from 
terminal 4 on condenser C-16 to the ground 
bus. 

When these changes have been made, the portion 
of the frequency response curve between 20 and 
1000 cycles will be as shown in Figure 9-52 and the 
portion from 1000 to 15,000 cycles will remain sub¬ 
stantially flat. It is important to remember that 
when the power output level at 60 cycles is 12 watts, 
the power output level between 1000 and 15,0(K) 
cycles is only 3.8 watts. This means that when the 
alterations outlined above have been made, the effec¬ 
tive power output rating of the amplifier (except for 
some of the very low frequencies) actually has 
been reduced to 3.8 watts. 

Both the high-frequency and low-frequency gain 
may be increased in the same amplifier, resulting 
in a frequency response curve as shown in Fig¬ 
ure 9-52. 

9-27e. Over-all Gain Reduction —For special 
applications, it may be desirable to operate the BA-4 
amplifier at a lower gain. This may be done by 
disconnecting the second stage of the amplifier as 
follows: 


1. Remove the grid lead from the grid cap of the 
second stage 1620 tube (V-2) and remove the 
tube from its socket. 

2. Tape the clip on the end of the grid lead to 
prevent a short circuit. 

3. Disconnect condenser C-4 from the terminal 1 
on the third stage 1620 tube (V-3) by un¬ 
soldering the condenser lead at the tube socket. 

4. Connect a suitable length of wdre from ter¬ 
minal 2 on the variable resistor R-3 to terminal 
1 on the third stage 6SN7 tube. 

These operations disconnect the second stage of 
the amplifier and connect the output of the first 
stage to the grid of the third stage. The unit will 
now operate as a three-stage amplifier with the same 
characteristics as the normal four-stage amplifier 
except as noted under Technical data for three- 
stage operation (p. 298). 

9-27f. Remote Volume Control —The MI- 
11274-A volume control is designed to provide a 
high-resistance bridging input circuit for connection 
bctw< en any low-impedance source and the 250-ohm 
input terminals of an amplifier. 

This control consists of a 250-ohm dual potenti¬ 
ometer, a 470-ohm resistor, two 4700-ohm resistors, 
and a terminal board assembled as shown in Figure 
9-53. The control is designed for panel mounting. 

The use of one of these units makes it possible 
to bridge program material conveniently from any 
program bus or other low impedance terminated 
line without disturbing the operating characteristics 
of the line. 

9-28. Langevin Type 117-A Amplifier— The 
type 117-A is a small, plug-in, two-stage, push-pull, 
fixed-gain unit intended for use as either a program 



rnaouiNCY in cyclcs pin skgond 

Fig. 9 - 52 . Frequency response of RCA BA-4 A amplifier with compensation. (Courtesy RCA.) 
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or monitor amplifier in broadcast audio facilities, 
recording facilities, or sound systems. The use of 
one amplifier type to perform both functions makes 
possible an extremely flexible installation. 





f .. ' ' 

Fig. 9-54. Langevin type U7A program or 
monitor amplifier. 

9-2BdL, Technical Data 

1. Gain: 50 db. 

2. Input source impedance: 30/150/250/600 ohms. 
Center taps are available when strapped for 150 or 
600 ohms. 

3. Output load impedance: 150 or 600 ohms. 
Center tap is available when strapped for 600 ohms. 

4. Output pozver: +30 dbm (1 watt) with less 
than 0.5 percent rms total harmonic distortion over 
the range 50 to 15,000 cps and les.s than 1 percent 
total harmonic distortion over the range 30 to 
15,000 cps. As a monitor amplifier, + 39 dbm (8 
watts) with less than 1 percent total rms harmonic 
distortion over the range 50 to 15,000 cps. 

5. Output noise: Unweighted, equivalent to an 
input signal of — 110 to — 114 dbm, depending upon 
tubes, over the frequency band 50 to 15,000 cps. 


6. Frequency characteristics: + 1 db over the 
frequency range 30 to 15,000 cps. 

7. External pozver requirements: Filament: 6.3 
volts a.c. at 1.5 amp. Plate: 300 volts d.c. at 70 ma. 

8. Tube complement: Two 1620’s, two 6V6GT’s. 

9. Dimensions: Length 10 inches, width 3^4 
inches, height 5% inches, weight 6^4 pounds. 

9-28b. Connections 

Plug Pin 


Nos. Circuit 

1-2. ..Input* 

3. .. Chassis ground 

4-6. . .Outputf 

5 .Tube current meter (if metering 

push buttons used) 

7 .Tube current meter (po.sitivc) V'l'-l 

8 .Tube current meter (p<jsilive) VT-3 

9 .Tube current meter (positive) VT-2 

10.Tube current meter (positive) VT-4 

11-12.Filament 6.3 volts a.c. 1.5 amp 

13 .B— and meter (negative) 

14 .B+ 300 volts d.c. 


* On unbalanced input circuits, the grounded .side should 
be connected to pin 1. 

t On unbalanced output circuits, the grounded .side should 
be connected to pin 6. 

9-28c. Metering Circuits—Metering circuits 
are designed to measure the cathode current of the 
individual tubes expressed as a percentage of a 
normal tube, using a meter having a 200 micro¬ 
ampere movement. A series resistor should be 
added so that the total resistance of the meter and 
resistor is 1000 ohms. The meter scale should be 
calibrated so that nominal cathode current (IOC 
percent) will read at 75-percent of full scale. 

The amplifier is supplied with the metering con¬ 
nections of the individual tubes brought out to pins 
on the plug for use with an external meter switch. 
However, provision has been made for push button 
meter switches in the handle end of the chassis if 
it is desired to meter the tubes at the amplifier. 

9-28d. Grounding—Connect the main ground 
to pin 3 on the plug receptacle. Ground the nega¬ 
tive side of the plate supply in the following man¬ 
ner: When only one amplifier is being used, strap 
pin 13 to pin 3. When several amplifiers are used 
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in a system, and obtain plate power from a common 
source, apply the ground at only one point in the 
system. 

The center tap of the filament supply should be 
grounded. In some cases, however, it may be neces¬ 
sary to apply positive bias to the filament center 
tap with respect to ground, in order to reduce hum 
caused by filament to cathode leakage, in this 
event, a resistor can be connected across the plate 
voltage supply so that a portion of the plate voltage. 
6 to 12 volts, can be tapped ofY and fed to the 
filament center tap. 

9-28e. Impedance —The 117-A amplifier, as 
shipped, is connected to work from a source im¬ 
pedance of 600 ohms and into a load impedance of 
600 ohms. If other impedances are desired, the 
amplifier may be restrapped according to the table 
on Figure 9-55. Strapping for the input is accom¬ 
plished on the terminal strip; for the output on the 
output transformer. 

Center taps are available on the input of the 
117-A amplifier when the unit is .strapped for 150 
or 600 ohms, and on the output when strapped for 
600 ohms. The input center tap can be grounded 
on the terminal strip. In order to ground the outjmt 
center tap, run an additional wire from a ground 
point to the output transformer terminals. 


9-28f. Reduced Plate Voltage— When the 
117-A amplifier is used as a program amplifier, the 
plate voltage may be reduced to 275 volts with a 
cu rent drain of approximately 65 ma without ap¬ 
preciably reducing the output power—thus prolong¬ 
ing tube life. 

9-28g. Tube Substitution —In an emergency, if 
a 1620 vacuum tube is not available, a 6J7 tube can 
be substituted. This substitution may result in an 
increase in output noise level and tube microphonics. 

9-29. Monitoring Loud-speaker —The finest 
available type of loudspeaker should be employed 
for monitoring radio programs. Desirable features 
for such units include: 

1. E.ssentially uniform frequency characteristics 
over entire audible range. 

2. Good efficiency, to reduce the power required 
from the driving amplifier. 

3. Low values of harmonic and intermodulation 
distortion. 

4. Wide angle of coverage at high frequencies. 

The monitoring loud-speaker should preferably be 
mounted in a position directly above the control 
room window set at such an angle that it directs 
the sound to persons seated in their normal operat¬ 
ing positions. In this position, the sound from the 





voltages akc im rcfckcnce to •> 


Fig. 9-55. Schematic diagram of Langevin 117A amplifier. 
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loud-speaker conies from the same direction as the 
actual performers in the studio, which is desirable 
and would not be the case if the loud-speaker were 
mounted on a side or rear wall of the control room. 
Many types of loud-speakers in current use have 
directional properties which result in a relatively 
narrow an^le of coverage at high audio frequencies. 
The use of such a unit will result in unsatisfactory 
high-frequency reproduction to persons seated even 
slightly off the axis of the loud-spe.aker. To offset 
this, two loud-speakers are often employed, for ex¬ 
ample, one centered above the control room operator 
and another centered above the director’s desk. 
When this is done, care must be exercised that the 
two loud-speakers are correctly phased. 

A more desirable solution is the use of a single, 
dual-unit loud-speaker with a broad angle of cover¬ 
age at high frequencies. Such units, when mounted 
at the proper height, will usually provide satisfac¬ 
tory high-frequency coverage for all occupants of 
the control room. 

9-30. Line Pad —When the program line to the 
transmitter is fed directly from the -control room, 
or when a line of any appreciable length is involved, 
a resistance attenuation* network, commonly known 
as a pad, is inserted between the program amplifier 
and the line. The purpose of this pad is to isolate 
the output of the amplifier from the impedance vari¬ 
ations of the line. 


Figure 9-56 shows the impedance-frequency char¬ 
acteristics of a typical program line several miles 
in length. The impedance is shown with termina¬ 
tions of both 600 and 150 ohms at the far end. This 
represents the load into which an amplifier feeding 
program to the line would have to work if no line 
pad were employed. The standard volume indi¬ 
cator, to give an accurate reading, must be operated 
across a 600-ohni circuit. As the impedance of the 
amplifier load is not constant, but varies consider¬ 
ably as a function of frequency, it is customary to 
isolate the amplifier from the line by means of a 
resistance attenuation network. The ability of such 
a network to smooth out the impedance variations 
of the line, as seen by the amplifier, can be seen in 
Figure 9-57, which shows the impedance the ampli¬ 
fier faces with line pads of 6 and 10 db. This data 
is for the same line illustrated in Figure 9-57 with 
a 600-ohm termination at the far end. It will be 
seen that the pad of higher attenuation results in 
more complete isolation, hut as the attenuation in 
the pad represents an actual loss of audio power 
and gain, it is common practice to employ a 6-db 
line pad. 

9-31. Resistance Attenuation Networks —Re¬ 
sistance attenuation networks, or pads, as they are 
commonly known, are employed quite often in audio 
facilities. The use of a line pad to isolate the 
program amplifier from the impedance variations of 
the program line has already been discussed. The 
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Fig. 9-S6. Impedance-frequency characteristics of a typical profirram loop several miles in length. 
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FREQUENCY IN CYCLES PER SECOND 

Fici. 9-57. The line pad reduces the impedance variations of the proKram loop, as seen by the proRrain amplifier. 


resistance attenuation network can also be employed 
wherever it is necessary to introduce a definite 
amount of loss into a circuit, as would be the case 
when the program level in a circuit is too high for 
the intended purpose. Another use of the resistance 
attenuation network is to achieve an impedance 
match between two circuits of differing impedance. 
A transformer could also be used for this purpose 
and would achieve the required impedance match 
with less loss than the resistance network. How- 
(’ver, the resistance network is smaller, less expen¬ 
sive, its attenuation is independent of frequency, and 
it introduces no distortion, hum, or noise. 

There are many forms of resistance attenuation 
networks, however, the most commonly used in 
audio work are the T type, H type, L type, and the 
U type. In addition, the split pad, or dividing net¬ 
work, which has one input and two or more outputs, 


Ri R2 



A 


is frequently encountered. Each of these networks 
is described in the following paragraphs. 

^32. The T and H Resistance Attenuation 
Network —The T and H networks are electrically 
similar, the T network being employed in the case 
of unbalanccd-to-ground circuits, while the H net¬ 
work is employed in balanced-to-ground circuits. 
Figure 9-58 shows the arrangement of resistor ele¬ 
ments for both types. As can be seen, these net¬ 
works consist of both series and shunt resistor ele¬ 
ments. In the case of the balanced or H type, half 
of the resistance value of each series element is 
placed in each side of the circuit. It is necessary 
to ground the center point of the shunt element in 
this case. 

The values of the resistor elements can be easily 
calculated. There are two general cases, the first 
being the case where the network operates between 


Ri R? 



B 


Fig. 9-58. The T resi.stance attenuation network, shown in A, is used in unbalanced-to-j?round 
circuits while the H network, shown in B, is used in balanced-to-ground circuits. 
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equal impedances, the second where the network 
operates between unequal impedances. 

In the first case, where the network operates be¬ 
tween equal impedances, Ri and ^is well as Zi 
and Z 2 will be equal. The values of /?i, /? 2 » 

Rn can be found by the following design data: 


Zi 


Ri 


Z 2 


= 


R 2 


,, Viv - 1 
Viv + i 


Rz = 


2Z-^N 
N- 1 


N = Power Ratio’ 


Relation Between Power Ratios and Decibels 

(The value of N may he used in calculating T and H 
resistance attenuation networks) 


Decibels 

Power Ratio (N) 

Decibels 

Power Ratio (N) 

0.1 

1.023 

9.0 i 

7.943 

0.2 

1.047 

10 

10.00 

0.3 

1.072 

12 

15.85 

0.4 

1.097 

14 

25.12 

0.5 

1.122 

16 

39.81 

0.6 

1.148 

18 

63.10 

0.7 

1.175 

20 

100.0 

0.8 

1.202 

22 

158.5 

0.9 

1.230 

24 

251.2 

1.0 

1.259 

26 

398.1 

2.0 

1.585 

28 

631.0 

3.0 

1.995 

30 

1000 

4.0 

2.512 

32 

1585 

5.0 

3.162 

34 

2512 

6.0 

3.981 

36 

3981 

7.0 

5.012 

38 

6310 

8.0 

6.310 

40 

10000 


As an example, let us assume that a 10-db T 
resistance attenuation network, to operate between 
impedances of 600 ohms, is required. The resistor 
values would be found in the following manner 
(power ratio N as given in table on p. 304). 


Z, ^ Z 

iV = 10 


600 ohms 


= 600 

R, 


Vjv - 1 


^|N + 1 
2.1623 


600 


Vio - 1 


4.1623 

2Z-^ 1200Vr0 


VlO + 1 
= 311.7 ohms 


A ~ 1 10-1 

1200 X 3.1623 


= 421.6 ohms 


In the second case, where the network operates 
between unequal impedances, the value of the re¬ 


sistor elements may be found by the following 
design data: 


2^NZ,Zi 

N - 1 



N = Power Ratio* 


Assume that a 20 db "T” resistance attenuation 
network, to operate from a source impedance of 
600 ohms into a load impedance of 150 ohms, is 
required. The resistor values for such a network 
would be found in the following manner (power 
ratio N as given in table on p. 304). 


Zi = 600 ohms 
Z 2 = 150 ohms 
N = 100 


i?3 


l^NZiZi 2Vi00 X 600 X 150 
N - \ ~ 100-1 


2a/9000000 

99 


60.6 ohms 



“ 92.4 ohms 


60.6 


60.6 


9-33. The L and U Resistance Attenuation 
Networks—Like the T and II networks, the L 
and U types are also electrically similar, the L net¬ 
work being used in the case of unbalanced-to-ground 
circuits, and the U type in the case of balanced-to- 
ground circuits. Figure 9-59 shows the arrange¬ 
ment of resistor elements for both types. L and U 
pads represent the limiting case of T and H pads 
working between unequal impedances where the 
value of one series arm has been reduced to zero 
ohms. I'hese networks therefore provide imped¬ 
ance matching between two circuits with the mini¬ 
mum loss possible in a resistance network. 

L and U networks are used extensively for obtain¬ 
ing impedance matches between circuits of differing 
impedances, and also as bridging pads where the 
input impedance of the network is high and it is 
bridged across a terminated program circuit. 
Bridging pads are discussed later in this chapter. 

The design data are the same for both types, in 
the case of the U network, half of the resistance 


7 See table on p, 304. 


® Sec table on p. 304. 
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Resistance Attenuation Network Data for Networks Operating Between Equal Impedances 


Loss in Db 

150-Ohm Network 

600-0hm Network 


Ri (Ohms) 

Rt (Ohm*?) 

Ri (Ohms) 

R \ (Ohm.s) 

Rt (Ohms) 

Ri (Olims) 

0.1 

0.895 

0.895 

12551 

3.58 

3.58 

50204 

0.2 

1.705 

1.705 

6570 

6.82 

6.82 

26280 

0.3 

2.58 

2.58 

4365 

10.32 

10.32 

17460 

0.4 

3.45 

3.45 

3267 

13.79 

13.79 

13068 

0.5 

4.30 

4.30 

2616 

17.20 

17.20 

10464 

0.6 

5.22 

5.22 

2160 

20.9 

20.9 

8640 

0.7 

6.05 

6.05 

1857 

24.2 

24.2 

7428 

0.8 

6.875 

6.875 

1635 

27.5 

27.5 

6540 

0.9 

7.75 

7.75 

1447 

31.0 

31.0 

5787 

1.0 

8.625 

8.625 

1302 

34.5 

34.5 

5208 

2.0 

17.2 

17.2 

645.5 

68.8 

68.8 

2582 

3.0 1 

25.7 

25.7 

425.75 

102.7 

102.7 

1703 

4.0 

33.95 

33.95 

312.25 

135 8 

135.8 

1249 

5.0 

42.02 

42.02 

246.9 

168.1 

168.1 

987.6 

6.0 

49.83 

49.83 

200 9 

199.3 

199.3 

803.4 

7.0 

57.43 

57.43 

171.3 

229.7 

229.7 

685.2 

8.0 

64.6 

64.6 

141.9 

258.4 

258.4 

567.6 

9.0 

71.45 

71.45 

121.8 

285.8 

285.8 

487.2 

10.0 

78.0 

78.0 

105.4 

312.0 

312.0 

421.6 

12.0 

89.8 

89.8 

80.43 1 

3.S9.1 

359.1 

321.7 

14.0 

100.1 

100.1 

62.35 

400.4 

400.4 

249.4 

16.0 

108.9 1 

108.9 

48.8 

435.8 

435.8 

195.1 

18.0 

116.5 

116.5 

1 38.1 

465.8 

465.8 

152.5 

20.0 

122.6 

122.6 

. 30.4 

490.4 

490.4 

121.2 

22.0 

127.9 

127.9 

23.98 

511.7 

511.7 

95.9 

24.0 

132.2 

132.2 

19.0 

528.8 

528.8 

76.0 

26.0 

135.7 

13S.7 

15.1 

542.7 

542.7 

60.3 

28.0 

138.5 

138.5 

11.95 

554.1 

5 . 54.1 

47.8 

30.0 

140.7 

110.7 

9.5 

563.0 

563.0 

37.99 

32.0 

142.7 

142.7 

7,.54 

570.6 

570.6 

30.16 

34.0 

144.1 

144.1 

5.99 

576.5 

576.5 

23.95 

36.0 

145.3 

145.3 

4.75 

581.1 

581.1 

18.98 

38.0 

146.3 

146 .^ 

. 3.78 

585.1 

585.1 

15.11 

40.0 

147,0 

147.0 

. 3.0 

588.1 

588.1 

12.00 


value of the series element is ])laced in each side muni loss, a 500-ohm source and a 250-ohm load, 
of the network. The resistor values can be found The resistor values would be found in the following 
hy means of the following design data. manner. 


R, 

Ri 


Loss in decibels 


VZi(4 - z,) 
z,z. 

Hi 

20 loR.o ^ 


Zi = 500 ohms 
Z '2 ~ 250 ohms 

R, = ylz^Z, -Y.) = V5()0(500 - 250) 
= Vl2^)0 = 353.5 ohms 


As an example, let us assume that an L resistance 
attenuation network is required to match, wdth inini- 


R2 


Z 1 Z 2 ' 125,000 

Ri "■ 353.5 


353.5 ohms 


Bi 




Fig. 9-59. The L pad, shown in A, is employed in unbalanced-to-ground circuits while the U pad, 
shown in B, is used in balanced-to-ground circuits. 
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Loss in decibels = 20 logio 



= 20 logio ^^2 + V2 - 1 
= 20 logio 2.416 = 7.7 db 


In the example just given, the impedance ratio of 
the network was 500 lo 250 ohms or a ratio of 2. 
The loss of L or U networks of other impedance 
ratios is given in the following table. 


Impedance Ratio 

Loss in db 

1.2 (600/500). 

. 3.7 

1.5. 

. 5.7 

2.0. 

. 7.7 

2.4 (600/250). 

. 8.8 

3.0 (600/200). 

.10.0 

4.0. 

. 11.4 

5.0. 

. 12.5 

6.0. 

. 13.5 

8.0. 

. 14.8 

10.0. 

. 15.8 

12.0. 

. 16.7 

16.6 (lOK/600). 

. 18.4 

20.0. 

.19.0 

30.0. 

. 20.7 

33.0 (20K/600). 

.... 21.2 

40.0. 

. 21.7 

50.0. 

. 23.0 

1(K).0. 

. 26.0 


9-34. Split Pads—A resistance network wherein 
the audio power of a program circuit is split, or di¬ 
vided, into two or more outputs, while the impedance 
relations are maintained properly in all branches, 
is often quite useful in audio systems. Such a net¬ 
work can be employed in reverse, that is, two or 
more program circuits can be combined into a single 
circuit. This is exactly what is done in the case of 
a mixer matching network. 

The circuit arrangement for such a dividing, or 
differential," network operating between equal im¬ 
pedances is given in Figure 9-60. The value of 
resistor R, as well as the loss between the input and 
any output, can be calculated from the following 

"The term “differential network” is the preferred name 
for this type of resistance network. 


design data: 


R = 


Z(n - 1) 
w 4“ 1 


Decibel loss = 20 logio w 


where n equals the number of pad output positions. 

As an example, if an unbalanced-to-ground divid¬ 
ing network with one 600-ohm input and two 600- 
ohm outputs is required, the value of the three re¬ 
sistor elements would be found in the following 
manner: 


w = 2 (2 output positions) 

7 ? ^ = 600(2 - 1 ) 
w -f 1 2 + 1 

Decibel loss = 20 login n 
= 20 login 2 


= 200 ohms 


= 6.02 db 


9-35. Line Transformers —Line transformers, 
commonly known as “repeat coils,” are frequently 
employed in audio systems for terminating program 
lines, for impedance matching, or at points in a 
circuit where it is necessary to change the circuit 
arrangement from a balanced-to-ground to an 
unbalanced-to-ground condition. Line transformers 
for this latter purpose are shown on the two incom¬ 
ing line mixer channels in Figure 9-33. In this 
case, they properly isolate the circuit grounds of 
the balanced-to-ground program lines and the 
unbalanced-to-ground mixer controls as shown in 
Fig. 9-61. Should the impedance of the program 
lines and the mixer controls differ, for example, 
should the program lines have a nominal impedance 
of 600 ohms and the mixer controls 150 ohms, the 
same transformer can be employed to achieve an 
impedance match. 

Line transformers usually have a 1:1 primary-to- 
secondary impedance ratio, but are equipped with 
taps to permit other impedance ratios to be obtained. 
The type of transformer shown in Figure 9-61, 
which provides an impedance ratio of 600/150: 


R R/2 




Fig. 9-60. The split pad, or dividing network, which provides any desired number of 
output circuits from a single input circuit. Circuit A is for use in unbalanced-to-ground 
circuits, while B is for use in balanced circuits. 
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Fig. 9-61. The “repeat coil” between a balanccd-to-pround program line and a 
one-sided-grounded mixer control properly isolates the circuit grounds. In addition, 
noise picked up on the program line will be largely lialanced out in the primary of 
the transformer. An electric static shield between primary and secondary windings 
is desirable. 


600/150 ohms, is commonly used in broadcast work. 
Line transformers should he well shielded, both 
maj^fnelically and electrostatically, to prevent hum or 
noise pick-up, and should have the center tap at the 
exact electrical center of the winding so that noi.se 
picked up on the line will be balanced out and re¬ 
turned to earth through the grounded center tap. 

9-36. Bridging Transformers —It is often nec¬ 
essary in broadcast audio facilities to employ a 
bridging transformer to obtain a sample of the pro¬ 
gram material from a program circuit without dis¬ 
turbing the impedance relations or program level 
in the circuit. This is often done when it is neces¬ 
sary to feed the program to a monitor circuit, test 
circuit, or a building loud-speaker system. 

A bridging transformer has a high primary im¬ 
pedance, usually 30 to 50 limes the impedance of the 
circuit to be bridged, and a secondary impedance 
of 150 and 600 ohms. It is important that building- 
out resistors of the correct value be included in the 
primary winding, otherwi.se, the reflected secondary 
impedance will not be correct. Two methods of 
connecting the building-out resistors in the primary 
winding are shown in Figure 0-62. In the case of 
commercially available bridging transformers, these 
resistors are usually included internally within the 
unit. 

A typical bridging transformer employed in 
broadcast audio facilities provides a primary im¬ 
pedance (including building-out resistors) of 20,000 
ohms, and a secondary impedance of 600 ohms. 
The transformer unit itself usually has an imped¬ 
ance ratio of 10,000/600 ohms. The total bridging 
impedance is built-out to 20,000 ohms by means of 


the building-out resistors. It is customary to take 
into account both the d-c resistance of both wind¬ 
ings. as well as the impedance of the circuit being 
bridged, in determining the exact value of the 
buikiiiig-out resistors. 

Tlv* insertion loss of a bridging transformer is a 
function of the ratio of the bridging impedance 
to the impedance of the circuit being bridged, Zj. 
An additional loss is contributed by the building-out 
resistors. The total insertion loss for bridging 
transformers of several different impedance ratios 
is given below. 

Impedanc e Ratio Zh/ZA Inncrtion l-oss* (db) 


10 . 

16.6 (l(),(K)0/6(ms». 

. 13.0 

. 15.2 

20 . 

. . . 16.0 

30 . 

17.8 

(20,00()/60()U). , 

. . . . 18.2 

40 . 

. . . 19.0 

50 . 

... 20.0 

100 . 

. . . 23.0 


* In practice, a slight additional loss will be encountered 
because of the internal losses within the transformer. 

Inasmuch as the transformer provides isolation 
from circuit grounds a bridging transformer may 
be connected across either balanced-to-ground or 
unbalanced-to-ground circuits. They are suscepti¬ 
ble to hum and noise pick-up, therefore, only well 
shielded units, preferably with hum-bucking coil 
construction, should be used. 

9-37. Bridging Pads —Bridging pads are often 
employed in place of bridging transformers. The 
bridging pad has the disadvantage that it jiroduces 
a greater insertion loss than a bridging transformer 
but, on the other hand, has several advantages to 





Fig. 9-62. Two arrangements of building-out resistors in bridging transformers. 
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SOURCE 



MAIN LOAD 


AUXILIARY 

LOAD 


Ff<;. 9—63. Bridf^ins: pad employing IT type network. 


offset this. The bridpinjj^ pad introduces no fre¬ 
quency discrimination, no low fretiuency distortion, 
and no hum pick-up. in addition, it is smaller 
in size and less expensive than the bridging 
transformer. 

An L pad is usually employed to bridge unbalanced- 
to-ground circuits and the U pad to bridge balanced- 
to-ground circuits. Other types could be used, but 
the L and U types result in a minimum insertion 
loss. Design data for these pads are given in Sec¬ 
tion 9-33 of this chapter. 

The total insertion loss of a bridging pad is the 
sum of the attenuation contributed by the pad, and 
the loss produced by the mismatch resulting from 
the bridging connection. The total insertion loss 
for bridging pads of several impedance ratios is 
given below. 

impedanre Ratio Total Ixi.sa (db) 

Zi (Pad Loss + Bridging Loss) 


10. 

.25.8 

16.6 (10,000/60010_ 

. . .. 30.6 

20 . 

... 32,0 

30. 

. 35.5 

33.3 (20,000/60010_ 

.36.4 

40 . 

. 37.7 

50 . 

.40.0 

100 . 

.46.0 


9-38. Radio Program Lines —Radio program 
lines, which are actually specially selected telephone 
lines, are employed to carry program material from 
one point to another, for example, from the studio 
to transmitter or from a remote pick-up point to 
the studios. Telephone lines are also employed to 
interconnect stations in different cities as, for ex- 
fimple, in network broadcasting. Local lines be¬ 
tween points in the same city are known as “loops”; 
lines from one city to another are known as “long 
lines.” 


Telephone lines, due to their distributed capaci¬ 
tance and inductance, act as low-pass filters and 
unless some means is i)rovided for reducing the 
low frequencies to a value comparable to the high 
frequencies, frecjuency distortion of the program 
material will result, as the low frecjuencies will 
predominate. Correction of the frecjuency charac¬ 
teristics of a program line is known as equalisation. 
Long lines are usually equalized by means of ampli¬ 
fiers, equalizers, and phase correctors, installed at 
frequent intervals along the line. These long lines 
are therefore already equalized when turned over to 
the radio station. Program loops, however, are 
usually not equalized, and it is necessary to employ 
the proper terminal equipment if satisfactory fre¬ 
quency characteristics over the audio frequency 
range are to be obtained. 



9—64. A line equalizer. The resonant frecjucncy 
of L and C is usually slightly higher tlian the highe.st fre¬ 
quency to be transmitted. 

9-39. Line Equalizers —It is possible to correct 
the frequency characteristics of a program loop by 
means of a line equalizer such as shown in Figure 
9-64. This device consists of an adjustable resi.stor 
connected in series with a parallel circuit containing 
capacitance and inductance, the entire network being 
connected across the receiving end of the line to be 
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equalized. The equalizer is usually designed so the 
resonant frequency of the capacitance and induc¬ 
tance is slij^htly higher than the highest frequency 
to be transmitted. 

The program loop is equalized by adjusting the 
value oi R until the response to low and high fre¬ 
quencies is equal. The amount of equalization will 
depend upon the length of the loop; for example, a 
short loop ^\ill recjuire very little equalization (the 
value of R will be high), while a long loop may 
require considerable equalization and very careful 
adjustment of the equalizer. 

9-40. Western Electric 23-A Line Equalizer— 
I'he Western Electric 23A equalizer was designed 
for use in radio broadcasting to correct the non¬ 
uniformity of transmission in the range from 35 to 
8000 cycles per second of nonloaded telephone cable 
circuits emploved for the transmission of high- 
quality program material It is intended for use on 
program lines that arc emploved fic(|uentlv enough 
to justify the peimanent association of an equalizer. 



.iPS 


Fig. 9-65. We‘?tern Electric 23A equalizer. 

(Courtesy Western Electric ) 

The 23A equalizer is of the shunt type consisting 
of an inductance and a capacitance in parallel and 
a tapped series resistance, the value of which is 
determined at the time of installation from the 
transmission characteristic of the circuit. Seven 
resistance units are provided, the ends of which are 


brought out to numbered terminals to facilitate 
connections. 

The resistance units are not connected. In mak¬ 
ing tests to determine the value of resistance to be 
employed, an external variable resistance box is 
used (connected between terminals 1 and 4 of the 
strip). When the correct value of resistance has 



Fk ‘)-o 6 Circuit arrangement of tlie Western Electric 
23\ eqmlizer. (Courtesy Western Electric) 


been determined, the resistance box is removed from 
the ciicuit and the proper combination of fixed re¬ 
sistance connected. A total resistance of 322.5 
ohms is available across terminals 3-4, which, ex¬ 
perience has shown, is sufficient to meet practically 
all line conditions. The schematic shows the man¬ 
ner in which the resistance units are connected. 

Nonloaded cable circuits, consisting entirely of 
one gauge, can be etjualized up to the approximate 
lengths given below by the use of the 23A e(iuali/er. 

For Kquaiizatton with For Kc»ttai izatton with 
Maximum I)i viation Maximum I)i via non 
or 1 I)b or 2 Db 


GaiiRe 1 < iiRth (miles) 

GcUiRe 

I ength (miles) 

16 21 5 

16 

2S 

19 10 

19 

11 5 

22 6.5 

22 

7 

9-41. Program Loop 

Transmission— Figure 


9-68 shows the arrangement of terminal eijuipment 
at each end of a progiam loop. The use of a line 
transformer at the receiving end of the loop, with 
its primaly center tap grounded, is essential if line 
noise is to be minimized. Although not shown, a 
1:1 line transformer at the transmitting end of the 
loop is often effective in further reducing line noise. 
The receiving-end line transformer is shown with 
an impedance ratio of 1:1. Better results are 
sometimes obtained on longer loops if a receiving 
transformer with a 1:4 impedance ratio (150:600 
ohms, with 150-ohm winding facing line) is em¬ 
ployed. This results in a better impedance match 
at the transmitting end, as can be seen in Figure 
9-56. 

Another method sometimes used on short program 
loops, which provides satisfactory program trans¬ 
mission without the use of a line equalizer, is shown 
in Figure 9-69. In this case 1:4 impedance-ratio 
line transformers are employed at each end of the 
loop. With this arrangement, satisfactory fre¬ 
quency characteristics up to a frequency of 8000 
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Fig. 9-67. Typical attenuation curves of 23A equalizer. 
(Courtesy Western Electric.) 


cycles can be obtained, without equalization, on 
prog^rani loops of the following lengths. 


Gauge Length (miles) 

16 . .S 

19. 2.3 

22. 1.5 


In the case of loops made up of several different 
wire gauges, other lengths would apply. 

It is often necessary to employ a single program 
loop which can be easily reversed w'hen desired. 
Such an arrangement might be employed between 


two stations that exchange programs. In this case, 
duplicate terminal equipment should be provided at 
each end of the loop as shown in Figure 9-70. 
With this arrangement, the equalizer at one end will 
be disconnected, while another equalizer will be 
connected at the other end, when the loop is re¬ 
versed. It is important that the line equalizer 
always be at the receiving end of the loop if noise 
and cross-talk are to be minimized. If desired, 
jacks and patchcords can be employed to reverse the 
loops in place of the key switch arrangement 
illustrated. 


FROM 

RUQRAM 

BUS 



GROUNOeO GROUNDED 


TO 

AMPLIFie 


Fig. 9-68. Arrangement of terminal equipment at each end of a program loop. 


FROM 

PROGRAM 

•US 



OAOUNOEO GROUNOeO 


TO 

AMPLIPICR 


Fig. 9-69. Program loop transmission, on very short loops, without equalization. 
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PfIOM 

PROQRAM 

BUS 


TO 

AMPLIFIER 



RECEIVE CHANNEL < —■■ 


— CENTER-TAP 
OROUNOeO 


STATION "A*' STATION "B" 

Fit;. 9-70. Program loop transmission wIutc line re\ersal is necessary. 


9-42. Jacks and Patchcords —An audio jack- 
field, consisting of a bank of telephone type jacks, 
is often employed in broadcast audio facilities. To 
these jacks are connected the input and output of 
all important circuits and components of the system. 
Short jumpers between jacks, known as ‘^normals," 
serve to connect the various components and circuits 
together to form the complete audio system. 

A jackfield incorporated in an audio system pro¬ 
vides a high degree of operational flexibility. By 
the use of patchcords, any of the following opera¬ 
tions mav be quickly performed. 

(a) A defective component may be readily re¬ 
placed by another similar unit, or may be 
removed completely from the circuit by 
patching around the unit. 

(b) The program circuits may be rearranged as 
desired when this is necessary. 

(c) Special-effect devices, such as filters or re¬ 
verberation facilities, may be inserted in any 
desired program channel. 

In addition to the operational conveniences made 
possible by the jackfield, maintenance of the facili¬ 
ties is greatly simplified, as it is possible to make 
direct connection to the terminals of any component 
of the system. Location of a defective unit is 
thereby greatly facilitated. 

An audio jackfield resembles a telephone switch¬ 
board jackfield. Two types of plugs and jacks are 
currently in use: the tip, ring, and sleeve type of 
plug used with a single telephone jack, and the 
twin plug, used with pairs of telephone jacks. 
Although the latter type are in more common use 
at the present time, single* plugs and jacks offer 
several advantages including smaller space require¬ 
ment, lower cost, lower cross-talk, and impossi¬ 


bility of reversed plug insertion such as may occur 
with the twin type of plug. It is essential that the 
correct type of single plug be employed if satisfac¬ 
tory operation is to be obtained.^® 

An illustration of an audio jackfield employing 
the ‘‘single” type of jacks is shown in Figure 9-71. 
A typical “double” jack installation may be seen in 
Figure 9-88, The small designation card above 
each jack identifies the circuit to which the jack 
connects. 

Figure 9-72 shows an audio system with the same 
facilities as the system of Figure 9-33 but with 
jacks provided at the input and output of the various 
units. It can be seen that substitution of equip¬ 
ment may be readily accomplished by means of two 
patchcords. For example, if one of the preliminary 
amplifiers should become defective, the input and 
output of an unused amplifier can be picked up with 
pjitchcords and patched into the circuit in place of 
the defective unit. 

9-43. Sound Effects Filters —By proper modi¬ 
fication of the normal response-frequency charac¬ 
teristic of the program channel, telephone conversa¬ 
tions, police and airway radio circuits, and other 
effects can be readily simulated. This response- 
frequency modification is usually obtained by means 
of filters which are patched into the desired micro¬ 
phone channel. Adjustable filters have been devel¬ 
oped especially for this purpose and are commonly 
known as “sound effects” filters. 

An effective sound effects filter consists of a low- 
pass section and a high-pass section connected in 
cascade. The cut-off frequency of each section is 
independently adjustable, a choice of any one of 
eight frequencies (100, 250, 500, 1000, 2000, 3000, 

H. A. Chinn and R. B. Monroe, “Single Jacks for 
Broadcast Application,” Audio Engineering, Vol. 31, No, 6 
(July 1947). 
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Fig 9“71 An audio jackfield consists of a bank of telephone type jacks which connect to the input and output ter¬ 
minals of various components of the system The jacks are ‘ normalled” in such a manner that no patchcords are required 
unless special setups are desired (Courtesy CBS ) 


4000 and 5000 cycles) being: available In addition, 
the individual sections may be removed entirely 
from the circuit The unit can therefore be used 
either as a high-pass, as a low-pass, or as a band¬ 
pass filter 

Each filter section is a single prototvpe or 
constant-/^ section and may he either of pi or T 
configuration For reasons of econoniv it is often 


desirable to employ a pi-section for the low pass 
unit and a T-section for the high-pass unit this 
arrangement requiring the minimum number of 
inductors In the unit being descnhed the Q of 
the coils IS siifihcientlv high to provide attenuation 
at a rate of 18 d!) per octave until at least 60-db 
attenuation Ins been obtained The insertion loss 
in the pass-hand is less than 1 dh 



As L S MONITORING AMPUFIER 
C LINE TRANSFORMER 
LS LOUDSPEAKER 
M MICROPHONE 
P LINE PAD 


^GROUND ON ONE SIDE 
^ GROUND ON CENTER TAP 



JACKS 


Q 


JACKS NORMALLEO 


Fir 9-72 Studio audio facilities similar lo those shown in hig 9-31 but including jacks in the Mrious circuits 
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. broadcast studio and control room equipment 

To insure against switching noises during opera- audio facilities have been considered. To illustrate 

tion of the range switches, the condensers in the how these components are assembled to form com- 

vanous sections are shunted with suitable resistors plete studio control systems, several of the studio 

to provide a continuous discharge path. Further- audio consoles now in actual operation in broadcast 

more, the switching arrangement is such that in stations throughout this country are described in the 

passing from one set of contacts to the next con- following paragraphs. 

tinuity of the signal through the filter is maintained, 9-45. The CBS 3B Studio Control Console— 
thereby avoiding any program breaks if adjust- The CBS 3B console, Figure 9-73, is a studio control 
ments are made during a broadcast. unit designed for use in larger broadcasting studios 

Since the filters are often used in low-level cir- and radio theaters of the Columbia Broadcasting 

cuits (such as between the output of a preliminary System. It incorporates in a relatively small desk- 

amplifier and the mixer control), adequate shielding like unit all the amplifying, mixing, monitoring and 

must be provided to prevent pick-up from adjacent special-effect facilities normally required in the 

stray electromagnetic fields. The use of hum- production of complex network radio program 

bucking construction in the coils also helps in this originations. 

respect. ^ Two examples of departure from convention to 

9-44. Studio Control Consoles —Thus far in achieve compactness are the use of single plugs 
this chapter, only the components employed in studio and jacks in place of the more conventional twin 



Fig. 9-73. A front view of the CBS 3B studio controle console. Microphone mixer positions 1 to 7 and the channel 
1 master volume control are arranged across the lower portion of the center section. 

The A and B position mixed controls, together with the associated incoming line push-button selectors and mixer key 
sw'itches are located on the small panel in the center section immediately to the left of the script rack. The microphone 
mixer key switch is also located on this panel between the A position and B position key .switches. The corresponding 
panel to the right of the script rack contains microphone mixer positions 8 and 9 and the channel 2 master volume control. 
Immediately above the two mixer controls are the reverberation push-button selectors which are used when these two posi¬ 
tions arc employed as reverberation mixer controls. The four key switches above the channel 2 master volume controls 
are two “utility” key switches, the “channel” key switch, and the “line” key switch. 

The audio jack field and “sound-effects” filter occupy the entire panel space on the right wing of the console, while the 
left wing contains volume controls for the control room loudspeakers, studio loudspeakers, headphone-cue circuit, and 
rehearsal-break circuit. The “utility” volume control, rehearsal-break key switch, and telephone dial are also located on 
this panel. 

Immediately below the table top are two telephone instruments. One is a regular dial extension while the other is a 
private line direct to the master program distributing center. 

The over-all dimensions are 62 inches in length, 34 inches deep, and 39VC» inches high. (Courtesy CBS.) 
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Fig, 9-74. A close-up of the center section of the mixer control panel of the CBS 3B console showing the control 
knobs which light when the mixer channel is in use. Two devices have been employed to eliminate marking the panels 
with pencilled notes and setting marks. The first are the small ^‘magic slate” writing pads mounted above each mixer 
control. These permit the operator to make temporary markings which may be removed by lifting the clear plastic top 
sheet. The second device is a control knob setting indicator: a disc of clear plastic the same diameter as the skirt of the 
knob which is provided with a protruding indexing marker. This indicator is mounted between the control knob and panel 
and may be rotated until the indexing marker indicates the desired knob setting, established during rehearsals. The pio- 
truding indexing marker can be felt as the control knob is advanced, making it unnecessary to use the eyes in setting the 
control knobs to the desired point. 

Immediately above the script rack is a panel containing the two volume indicators and the rehearsal-break microphone 
which is mounted behind the center grill work. This section has been made plug-in for the purpose of expediting 
maintenance. 

At the side of each volume indicator are arrow-shaped red plastic indicators which light up to indicate the channel in 
use. These indicators are so interlocked with the “line,” “channel” and “mixer” key switches that they light only when 
all switches are in the proper “on-air” position. 

It will be noted that a black scale is employed on each of the volume indicators. The divisions and lettering on these 
black scales are made with paint containing a fluorescent material which glows under the influence of ultra-violet light. 
The meter pointer is coated with the same material. Small ultra-violet lamps are mounted directly beneath the volume 
indicators with the light entering the meter enclosure through an opening in the bottom of the meter case The fluorescent 
markings glow green on the scale range up to the reference point while the markings above the reference point glow in 
red. (Courtesy CBS.) 


plugs and pairs of jacks, and the use of specially 
developed, small plug-in amplifier units. Two 
amplifier types, which require only two tube types, 
fill all amplifier requirements of this console. The 
plate and relay power supply units are also of the 
plug-in type and employ rectifiers of the selenium 
type, no rectifier tubes being necessary. 

Other features of the 3B console include a pro¬ 
gram script rack, plastic control knobs that light up 
to form large, easily visible channel-in-use indi¬ 
cators, and pilot light panel indicators that change 
color as a function of key switch setting. Volume 
indicators equipped with a black scale containing 


fluorescent divisions and markings which are illumi¬ 
nated with black light are employed. 

Visibility into the studio is not obstructed by con¬ 
trol panels or script rack because of the physical 
design. The amplifier and power supply compart¬ 
ments were designed to provide adequate ventilation. 
The mechanical placement of components provides 
maximum separation between the power and audio 
units, thereby reducing hum pick-up to the lowest 
possible value. 

A block diagram is given in Figure 9-76. It can 
be seen that an eleven-position mixer which permits 
the simultaneous mixing of nine studio microphones 
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and two incoming program line channels is pro¬ 
vided. Program material to these latter two chan¬ 
nels, which are known as the A and B channel, may¬ 
be selected from any one of five sources by means 
of push-button selectors. 

Two complete and independent program channels 
have been included. The second channel, which in¬ 
cludes separate visual and aural monitoring facili¬ 
ties, may be used as an emergency, test, or utility 
channel. Also included are rehearsal-break (talk- 
back) facilities, reverberation facilities, sound re¬ 
inforcement feeds, headphone-cue circuits, and a 
sound effects filter. A utility volume control, utility 
key switches, utility bridging transformer and 
parallel-connected jacks are also included 

A circuit impedance of 150 ohms, which has been 
employed throughout, assists greatly in achieving 
uniform response-frequency characteristics at the 
higher audio frequencies and, in addition, reduces 
cross-talk to an exceptionally low value 


The performance characteristics of the CBS 3B 
console are well within the requirements dictated by 
good engineering practice and readily meet the 
Fee. requirements for A-M, F~M, and television 
sound broadcasting service. The response-frequency 
characteristics of the program channel are uniform, 
within 0.7 db of the l(X)0-cycle value, from 50 to 
beyond 15,(X)0 cycles per second. The response- 
frequency charactei istic of the monitoring channel 
(including the program channel) is substantially 
equivalent to that of the program channel. 

The single-frequency harmonic distortion of the 
program channel, measured at an output level of 
-f 20 dbm (which is 10 db greater than the normal 
program output level of + 10 77 /), is less than 0.2 
percent from 100 to 15,000 cycles, and less than 04 
percent in the region from 50 to 100 cycles. The 
distortion through the monitor channel (including 
the program channel) measured at an output level 
of -> 38 dbm, is less than 0 75 percent from 50 to 



Fig. 9-75. A view of the CBS 3B studio control console with all access doors as well as the center control panel 
opened. This view shows how components may be reached for inspection and servicing. 

The two pedestals of the console serve as equipment compartments. The forward section of the right-hand compart¬ 
ment contains all audio amplifier units as well as a compartment for storage of spare tubes, program scripts, pencils and 
other miscellaneous items. The rear section of this compartment contains the audio transformers, audio relays, audio ter¬ 
minal blocks, and resistance attenuation networks. 

The power equipment is housed in the left-hand equipment compartment. The forward section of this unit contains two 
plug-in power supplies which provide amplifier plate power. The upper section contains a power panel, accessible through 
a small door in the front of the unit, A master on-off magnetic circuit-breaker switch, as well as regular-emergency, a.c. 
‘iupply and regular-emergency low and high voltage supply transfer toggle switches, are mounted on this panel. The rear 
section of this compartment contains a 24-volt d.c. power supply for operation of relays and pilot lights, two filament light¬ 
ing transformers, and “on-air” sign relays. 

All power rectifiers are of the selenium type, no rectifier tubes being employed (Courtesy CBS.) 
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Ftg. 9-76. The scope of the audio facilities incori’orated in the CBS 3B studio control console is evident in this block 
diagram. The facilities permit the simultaneous mixing of program material from nine studio microphones as well as two 
incoming program lines. Two independent program and monitor channels are employed. (Courtesy CBS.) 


CBS SB STUDIO CONTROL CONSOLE 
MOGKAM CHANNEL RESPONSE-rREOWCNCY CHARACTERISTICS 
SHOWING MAXIMUM SPREAO POR ALL MICROPHONE CHANNELS 



Fig. ^77a. The curve above shows the response- 
frequency characteristics of the program channel of the 
CBS 3B console. From these data it may be seen that 
the performance is well within the requirements set forth 
for A-M, F-M, and television audio facilities. The signal- 
to-noise ratio of the complete program channel ranges from 
73 to 75 db. (Courtesy CBS.) 


CBS SB STUDIO CONTROL CONSOLE 
PROGRAM AND MONITOR CHANNELS 
OVERALL DISTORTION-FREQUENCY CHARACTERISTICS 



S GO wo MO SOO noo MOO MOO nooo «ooo 

FREQUENCY IN CYCLES PER SECOND 


Fig. 9-77b. These curves show the distortion-frequency 
of the CBS 3B console. The program channel measure¬ 
ments were made at an output level of -f 20 dbm which is 
10 db higher than the normal program level. (Courtesy 
CBS.) 
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10,OW cycles, and less than 1.0 percent from 10,000 and is generally located away from the console, 

to 15,000 cycles. The signal-to-noise ratio of the The power supply unit, mounted on a swinging; 

various channels range from 73 to 75 db. frame for easy inspection and maintenance access, 

9—46. Western Glectric 25— B Audio Console — contains the power supply units for plate and fila- 

Several basically new ideas in studio console design ment power to all vacuum tubes, and also for the 

and operation have been built into the W. E. 25 type loud-speaker cut-off relays. Thus the only need for 

equipment. This console was designed by Bell any other auxiliary power supply is the usual d-c 

Telephone Laboratories for use at broadcast stations signal supply for operation of indicating lights and 
using F-M transmission or at A-M stations plan- external relay systems where employed, 
ning to provide for F-M at some future time. Built into the main housing of the console are 
Accordingly, high-fidelity service for F-M broad- eight microphone or low-level transcription input 

casters is provided by the 25 type’s uniform, noise- circuits and four pre-amplifiers, with switching keys 

free, and low-distortion operation over a 15,()00- for ready selection of either of two low-level in¬ 
cycle range. puts for each pre-amplifier. These are shown dia- 

Thc 25B equipment provides a seven-channel grammatically in the schematic circuit. Four of 

mixer circuit. The design is greatly simplified as these circuits can be used simultaneously, with 

to mounting and installation, requiring only a mini- four in reserve available at a moment’s notice, 

mum of effort to put the two fully assembled and enabling the engineers to schedule programs of eight 

wired units into service. sources, or to dispatch two successive four-source 

The main unit houses two complete high-quality programs. Three additional microphone or trans- 

main amplifier channels, capable of simultaneous cripiitm sources can be introduced simultaneously 

operation on different programs without interfer- thiongh the three line mixers as explained below, 

ence or cross-talk. Also in this desk console are Optional addition of jacks, lamps, or jack-sized 

pre-amplifiers, mixers, switching, indicating, moni- keys for system control and indicating circuits give 

toring, cue feeding, and other control apparatus, the 25B still greater utility. 

arranged and co-ordinated to provide maximum op- Especially valuable to stations operating both 
erating flexibility and convenience. A-M and F-M transmitters or simultaneously origi- 

A compact power supply unit serves the 25B nating both local and network programs arc the 
equipment. This is arranged for w’all mounting, line facilities of this audio console. The two main 



Fig. 9-78. Western Electric 25B console. (Courtesy Western Electric.) 
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Fig. 9—79. Functional schematic for the Western Electric 25B audio control console, 
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amplifier channels, capable of simultaneous opera¬ 
tion on separate programs, permit concurrent dis¬ 
patch of audio signals to each of two transmitters 
or outgoing lines through the one console, each 
channel being governed by a separate master gain 
control for adjusting overall level. This set-up 
obtains flexibility through two line switching keys 
which allow either of the two main channels to be 
fed to either or both of two outgoing lines. 

Three remote line input-circuits with repeating 
coils feed incoming line programs to three separate 
line mixer-controls. Ready and rapid selection of 
remote or network programs is speeded by three 
remote line switching keys, usable in selecting any 
one of three lines, for monitoring incoming pro¬ 
grams, or for connecting to the associated mixer 
input. Patching jacks, with which four additional 
remote lines can be substituted on a line-for-Iine 
basis, make available a total of seven input lines 
or trunks. 

Each of the line mixer inputs is provided with 
a transfer key switch which will allow an external 
utility circuit such as a transcription source or out¬ 
put of a microphone pre-amplifier to be switched 
in place of a line program source. Thus three 
additional microphone or transcription sources (a 
total of seven simultaneously) can he accommodated 
where required by providing externally mounted 
preamplifiers. 

With seven mixer volume controls individual level 
adjustment on the three line or utility input circuits 
and on the four microphone input circuits, the 
25B makes extensive provision for blending pro¬ 
grams under a wide variety of operating situations. 
These volume controls operate on either of the two 
main amplifier channels through a seven-channel 
mixer circuit with individual mixer transfer keys 


for association with either main amplifier channel 
input. 

Mounted on the console are two volume indicators 
for visual monitoring of program levels of the two 
main channels. In addition, headphone jacks for 
each channel are mounted on the housing for occa¬ 
sions when both channels are being used and moni¬ 
tored simultaneously, making headphone monitoring 
necessary on one of the channels. A built-in moni¬ 
tor amplifier which may be connected to either main 
channel is included for aural monitoring. 

The monitor amplifier feeds cue programs into a 
studio speaker and the remote line circuits, while a 
monitor transfer key gives access to programs on 
either of the two main channels or to the cue 
transfer key. "J'his key switches between the condi¬ 
tions of monitoring on the remote lines, receiving 
cue from master control, or feeding cue to remote 
lines. Operation of a loud-speaker in the same 
room with a live microphone is automatically pre- 
veiiied by loud-speaker cut-off relays for the booth 
and two studio loudspeakers. Contacts are also 
provided for operating efjuipment outside the sys¬ 
tem, such as studio warning signs, buzzer cut-offs, 
and other auxiliaries. 

Other important features include an additional 
circuit with a gain control and a channel switching 
key to feed either main channel output to a separate 
amplifier system external to the console. This is in¬ 
valuable for audition circuits, sound re-enforcement 
in large audience studios and similar applications. 
Normal operation of the amplifier tubes can be 
checked quickly by a plate-metering circuit with a 
meter and rotary tap switch for individual plate 
current measurement. 

The dimensions of the console were held down to 
36 inches over-all height and a width of 55% 
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Fig. 9-80. Face panel layout of the Western Electric 2SB Audio Console. The volume control knobs are of the mush¬ 
room type with wide skirts, raised pointers, and knurled to facilitate fingertip control. Flat type key handles of two 
colors with concave finger surface are usecL The arrangement of the equipment permits good visibility to the studio 
All controls are functionally located. 
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inches. Over-all depth is 28% inches, of which 
the control cabinet at the rear is only 13% inches. 
The table top stands 27% inches from the floor. 
The power supply unit is 16% inches high, 28 inches 
wide, and 10 inches deep. 

A number of these consoles installed one to each 
studio control room or in a control room common 
to two studios will, with the help of master co¬ 
ordinating equipment, provide complete audio facili¬ 
ties for an entire station. 
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Fig. 9-81. Response-frequency characteristics of the 
Western F.lectric 25B audio console. 


9-46a. Technical Data 

1. Frequency response: See Figure 9-81. 

2. Signal-to-noisc ratio: 70 db unweighted, with 
70-db net gain and with + 18-dbm peak signal for 
single frequency output level. 



Fig. 9-82. Distortion-frequency characteristics of the 
Western Electric 2SB audio ctmsole. 


3. Harmonic distortion: See Figure 9-82. 

4. Source impedances 

Microphone inputs: 30-50, 250, or 600 ohms 
Line inputs: 600 ohms 
Utility inputs: 600 ohms 
Air cue input: 600 ohms 

5. Load impedances 

Line outputs: 600 ohms 
Audition output: 600 ohms 
Monitor amplifier outputs: Furnished ad¬ 
justed for loud-speaker impedances of 3 
to 10 ohms. May be adjusted to a wide 
range of impedances, between 1 and 1200 
ohms. Cue to line circuit is 600 ohms. 


6. Over-all gains 


Microphone inputs to line outputs. 100 

Remote line inputs to line outputs. 38 

Utility inputs to line outputs. 58 

Cue input to monitor output loud¬ 
speakers . 44 

Cue input to remote line. 6 


Typical 

Operating 

Gains 

(Approx.) 

(db) 

70 

24 

30 


38 

2 


7. Output power: -f- 18 dbm. Allows 10-db mar¬ 
gin for peak factor above -f- 8 vu which is normal 
program output for the equipment. 

8. Pozver source: 105-125 volts, 50-60 cycles a-c, 
approximately 225 watts. Power for signal light 
and external relay operation must be supplied from 
external source. 

9-47. RCA 76-B2 and 76-B4 Consolettes —The 

type 76-B2 and type 76-B4 consolettes have been 
designed for use in broadcast audio installations to 
provide a complete and flexible control system in 
one conveniently arranged unit. All the controls 
necessary for switching and mixing the audio out¬ 
puts of microphones, transcription turntables and 
temote lines, as well as for auditioning and moni¬ 
toring, are contained in a single cabinet. The con- 
solette may be used as a complete control system for 
a small station, or to control a single studio in larger 
installations. 

The consolette consists of a metal cabinet con¬ 
taining four pre-amplifiers, a program amplifier, an 
eight-watt monitoring amplifier, two line trans¬ 
formers and three loud-speaker relays. A VU 
meter, attenuator controls, switches, and other con¬ 
trols are mounted on a slanting front panel. An 
arrangement of switches makes it possible to use 
the VU meter to check the condition of the tubes 
in the program channel. 

The 76-B2 and 76-B4 consolettes are similar in 
performance and operation and the instructions for 
installation and operation apply to both types unless 
otlierwise specified. 

The top of the consolette may be opened to in¬ 
spect and service the tubes and relays, or the entire 
upper section, which is hinged at the back, may be 
lifted to expose the terminal boards and the bottoms 
of the mounting plates. Three terminal boards are 
provided for external connections. These are 
mounted on the bottom section of the chassis and 
are accessible when the upper section is lifted. 
The terminal boards are arranged so that the low- 
level audio terminals are separated from the high- 
level audio terminals and the power leads. 

Five rubber-cushioned mounting plates are located 
on the hinged upper chassis as follows: 

(a) Relay mounting plate, on which are mounted 
three relays and their associated equipment. 
Two terminal boards, on which connections 
are made to change over from two, or three. 








Fig. 9-83. The RC\ /'> B ronsolette. 

studio operation to sing^le-studio operation 2. Ltne Output Level 

are mounted under this plate. Normal: -f 18 dbm with 0.5 percent rms 


(b) Monitor amplifier mounting: plate, on which 
are mounted the components of the monitor 
amplifier and the monitor amplifier booster 
stajje 

(c) Line transformer mounting plate, on which 
arc mounted the two line transformers and 
associated resistors 

(d) Preamplifier mounting plate, on which are 
mounted the four picamplifiei s. 

(e) Program amplifier mounting plate, on which 
are mounted the components of the program 
amplifier and the program amplifier booster 
stage. 

9-47a. Technical Data 

1. Gain 

Microphone input to line output: 112 ± 2 db. 
Transcription input to line output: 81 ± 1^ 
db. 

Line input to line output: 54 ± 1% db. 
Microphone input to monitor output: 110 
i 2 db. 

Line input to monitor output: 54 ± 2 db. 
Transcription input to monitor output: 80 
±2 db 

Cue input to monitor output: 34 ± 2 db. 
Talk-back input to monitor output: 95 ± 2 
db. 

Line output to monitor output: 33 ± 2 db. 
Microphone input to emergency line output: 
91 ± 2 db. 

Remote line through override: 27 ± 2l^ db. 
External record: ^ ± 2 db. 

Remote talk-back: 77 ± 2 db. 


harmonic distortion from 50 to 7500 cps. 

Maximum: + 26 dbm with 1 percent rms 
harmonic distortion from 50 to 7500 cps. 

3. Tubes 

11 RCA-1620 or 11 RCA-6J7 
2 RCA-1621 or 2 RCA-6F6 
2 RCA-1622 or 2 RCA-6L6 

4. Inputs 

Six 30- or 250-ohm microphone inputs 
(balanced) 

Six line inputs, 150, 300, and 600 ohms 
(balanced) 

Two 250-ohm transcription inputs (un¬ 
balanced ). 

One 250-ohm talk-back microphone input 
(balanced). 

Five 20,000-ohm monitor cue lines (bal¬ 
anced). 

5. Outputs 

One 500 to 600 ohm line. 

Three 15-ohm monitor lines. 

One high-impedance headphone output (2000 
to 5000 ohms) 

6. Line otttput noise lei^el 

Microphone input at — 50 dbm to line out¬ 
put at -f 18 dbm (68 db system gain) : 
-68 db. 

Microphone input to monitor output at 4 
watts (4-36 dbm) output (86 db system 
gain) : — 68 db. 

11 May be used when maximum uniformity of characteris¬ 
tics, and minimum of microphonics, hum, and distortion are 
not required. 
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7. Distortion 

Microphone input to line output: 0.5 percent 
rms harmonic distortion from SO to 7500 
cps, with normal output of + 18 dbm. 

Microphone input to monitor output: 
percent rms harmonic distortion from SO 
to 7500 cps at 4 watts output. 

8. Frequency response 

Microphone input to line output: ±2.0 dh 
from 30 to 15,000 cps. 

Microphone input to monitor output: ± 2 
db from 30 to 15,000 cps (audition 
channel). 

9. Monitor power output 

4.0 watts (±36 dbm) with 1% percent rms 
harmonic distortion from 50 to 7500 cps. 

8.0 watts (±39 dbm) with 3 percent rms 
harmonic distortion from 50 to 7500 cps. 

10. Dimensions: Width 39 inches, depth 17 
inches, height 10% inches, weight 135 pounds. 

9-47b. Operation —^An over-all block diagram 
of the consolette, showing controls and associated 
equipment, is shown in Figure 9-84. This diagram 
represents a typical installation in which the con- 
solcttc is used in a small station to control two 
studios and a transcription booth from a single con¬ 
trol room. The equipment can, of course, be used 
for single studio operation in larger stations. 

All the controls are conveniently arranged on the 
front panel of the consolette. Figure 9-85 shows 
the front panel layout and arrangement of the 
controls. 


Six mixer controls are arranged in a group at 
the center near the bottom of the panel. The first 
two of these are associated with the two micro¬ 
phones in studio ‘"A,” the third and fourth with 
the two microphones in studio “B,” and the fifth 
and sixth with two sets of pushkeys which may be 
used to select any two of six remote lines or two 
transcription inputs. 

Above the six mixer controls are six audition- 
program switches (K-1 to K-6) which control the 
input to the program and audition busses. The 
first four of these control the outputs of the first 
four mixers which in turn control the output of 
four microphone preamplifiers for the microphones 
in studios “A^' and “B.” A switch on the input of 
the fourth preamplifier may be used to switch to a 
fifth microphone in the control room for announc¬ 
ing, or a sixth remote microphone at some other 
point (such as a transcription booth). 

Two sets of push buttons are mounted in the 
upper right-hand corner of the panel. These but¬ 
tons are used in conjunction with the two line 
transformers to control the input to the last two 
mixer controls (K-5 and K-6). These trans¬ 
formers and resistor attenuating networks are ar¬ 
ranged in such a way that the remote lines and 
transcription turntables are properly terminated and 
matched to the mixing pads. Each set of push 
buttons consists of nine buttons, interlocked so that 
only one can be used at a time. The push buttons 
numbered one to six in each group are connected 
respectively to six incoming remote lines, those 
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numbered TT-1 and TT~2 to two turntables, and 
the remaining:: button is an off position. 

The two sets of push buttons are electrically inter¬ 
locked, making^ it impossible to place a sing^le in¬ 
coming remote signal or a single transcription turn¬ 
table on both mixers at once. Number 5 mixer and 
associated push buttons have priority over number 6. 

The outputs of the six mixers feed through a 
matching network into six program-audition 
switches. When these switches arc in their normal 
positions, the outputs of the mixers are open while 
loading resistors are connected across both the pro¬ 
gram and audition busses. 

When a program-audition switch is thrown to 
the PROGRAM position, the output of the correspond¬ 
ing mixer is placed on the program bus. When the 
switch is thrown to the audition position, the signal 
is placed on the audition bus. 

A detailed description of the various channels of 
the consolette is given below. 

9-47c. Program Channel—The program bus is 
connected to the input of the program amplifier 
which consists of a booster amplifier and a three- 
stage program amplifier. The master volume con¬ 
trol is connected between the booster amplifier and 
the studio amplifier. 

From the program amplifier, the signal passes to 
the line out switch which controls the output of 
the consolette to the out-going line. The line out 
switch has, in addition to its normal, or off, posi¬ 
tion, a regular and an emergency position (marked 
REG and emg). When the switch is in the normal 
position, a load is connected across the program 
amplifier output. The volume indicator is con¬ 
nected across this circuit. 

When the line out switch is in the regular 
position, the output of the program amplifier is fed 
into the outgoing line with the load removed and 
the volume indicator still across the circuit The 


function of the line out switch when in the 
emergency position is explained under Emergency 
Program Channel below. 

When the phone-monitor switch is in the pro¬ 
gram position, the program channel may be moni¬ 
tored by means of the phone jack and headphones. 

^7d. Audition Channel— The audition chan¬ 
nel of the consolette is connected to one of a set of 
pu.sh buttons which determine the input to the moni¬ 
tor amplifier. These buttons, labeled monitor in¬ 
put, are the lower of the two sets of push buttons 
in the upper left-hand corner of the front panel. 
The monitor input push buttons permit the follow¬ 
ing functions to be performed. 

1. Monitoring, One button (marked mon) con¬ 
nects the input of the monitor amplifier, through 
proper bridging resistors, across the output of the 
program amplifier. A program on the air may be 
monitored in this manner. 

2. Auditioning, One button (aud), as mentionec 
above, connects the output of the audition bus intc 
the monitoring amplifier, making it possible to carry 
on an audition in one studio while the other studic 
is on the air. 

3. Cueing, Five buttons, marked cue and num¬ 
bered from 1 to 5, are provided to select any ont 
of five monitoring or cueing lines. These fivt 
buttons are mechanically interlocked with the moni¬ 
tor and audition buttons in such a way that onl; 
one can be on at a time. Any button, when pressed 
releases the button previously depressed. 

4. Talk-hack, Two buttons, marked tb and let¬ 
tered a and B, are associated with the seven but¬ 
tons mentioned above but not mechanically inter¬ 
locked with them. These buttons are used for talk- 
back into studio A and studio B respectively 
Either button, when pressed, connects the talk-bac’ 
microphone to the input of the monitor amplifie 
and turns the proper studio speaker on. Th 
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speaker interlock is more fully explained below. 
These buttons, although not mechanically inter¬ 
locked with the other seven monitor input buttons, 
are electrically interlocked so the talk-back micro¬ 
phone is connected to the input of the monitor 
amplifier when either button is pressed. The con¬ 
nection previously made is restored when the button 
is released. 

^7c. Remote Line Cue and Phone— The 

fourth set of interlocked push buttons (upper row 
in the upper right-hand corner of the front panel) 
are used as follows: 

1. Cue. The buttons marked cue and numbered 
1 to 6 are connected to the six incoming remote 
lines. Pressing any of the buttons will connect the 
output of the monitor amplifier into the correspond¬ 
ing remote line provided the line is not already 
in use. 

2. Phone. The phone jack makes it possible to 
listen to any of the remote lines by placing the 
PH. MON switch in the remote position. It is 
possible to talk to any of the remote lines by 
pressing either of the two push buttons (marked 
tb) associated with the six remote cue buttons. 
When either of these buttons is pressed, the talk- 
back microphone is connected to the input of the 
monitoring amplifier and the output of the monitor¬ 
ing amplifier is connected into the remote lines. In 
this way a conversation can be carried on with any 
of the six remote lines by putting the ph. mon 
switch in the remote position and holding down the 
remote line talk-back buttons. The two buttons are 
not mechanically interlocked with the six remote line 
cue buttons. A ninth button is used for an off 
position. 

9-47f. Override Switch —When the switch 
marked override-off-record is thrown to the over¬ 
ride position, a signal on any of the six remote lines 
(not in use) will be heard in the monitor speaker. 

9-47g. Emergency Program Channel —If for 
some reason, the program amplifier of the consolettc 
should fail, the monitoring amplifier may be used 
in the program channel. 

When the line out switch is thrown to the emer¬ 
gency position, the outgoing line is connected, 
through a bridging resistor, to the output of the 
monitoring amplifier. Thus, by placing the pro¬ 
gram signal on the audition bus and pressing the 
AUD button of the monitor input the monitor 
amplifier will feed the outgoing line. The VU 
meter will also be transferred to the output of the 
monitor amplifier so that the level can be properly 
adjusted. 

?M7h. Emergency ‘‘B” Supply— An emergency 
“B’" supply for the four preamplifiers is also pro¬ 
vided for the consolette. In case of failure of the 
B -h power, which is normally obtained from the 
program amplifier rectifier, a switch on the Mi¬ 
ll 301-B power supply can be thrown to obtain 


B + power for the preamplifiers from the moni¬ 
toring amplifier rectifier. 

9-47i. Relay Operation— An interlocking relay 
system is used in the consolette to provide the neces¬ 
sary function of controlling the output of the 
monitoring amplifier to the three speakers, and the 
supplementary function of controlling the signal 
light equipment. The speaker relays are a part of 
the consolette, while signal-light relays, although 
not furnished, can easily be connected. The conso¬ 
lette contains three speaker relays, one each for the 
control room speaker, studio A speaker and studio 
B speaker. The three relays are controlled by the 
following switches: 

(a) announce switch. 

(b) Four Program-Audition switches. 

(c) LINE out switch. 

(d) Talk-back buttons of the monitor input 
group. 

(e) Remote talk-back button of remote line pii^li 
buttons. 

Although the control room speaker is normally 
on, the control room speaker relay is normally un¬ 
energized. If the speaker relay power should fail 
for any reason, the control room speaker will re¬ 
main on. The two studio speaker relays are ener¬ 
gized when the speakers are on and unenergized 
when the speakers are off, so that the studio speakers 
will remain off if the power supply should fail. 

9-47j. Suggested Operating Procedure 

To Place a Program on the Air. The follow¬ 
ing procedure may be used to place a program on 
the air. (Assume that microphone 1 in studio A 
is to be used.) 

a. With all switches in their normal (off) posi¬ 
tions, press the proper cue or monitor pu.sh button 
and regulate the monitor volume control to obtain 
the desired volume level from the studio and con¬ 
trol room speakers. 

b. Throw the microphone switch A-P 1 to the 
‘T” position. 

c. Adjust the master attenuator to approximately 
step 13. 

d. Adjust mixer number 1 to determine the 
proper level setting as indicated by the VU meter. 
This setting should be approximately step 13 when 
a signal of normal intensity is being picked up by 
the microphone. Next return mixer number 1 to 
“ 0 .” 

e. Throw the line out switch to the reg position 
at the moment the microphone is to go on the air. 
(The cue signal is removed from the studio speaker 
when this switch is thrown.) Then adjust the 
mixer control to the previously determined setting. 

f. Press the monitor push button and adjust the 
monitor volume control as may be necessary. 

If any other input is to be used, the above proce- 
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dure should be followed except that switches and 
mixers should be operated as follows: 


Input 

Switch 

Mixer 

Mic. 1, studio A 

Mic. A-P no. 1 to P 

1 

Mic. 2, studio A 

Mic. A-P no. 2 to P 

2 

Mic. 1, studio B 

Mic. A-P no. 3 to P 

3 

Mic. 2, studio B 

Mic. A-P no. 4 to P and 
ANN sw. to norm. 

4 

Remote lines 

Mic. A-P no. 5 or 6 to 
P and, corresponding 


Tran.scription 

input P-K 1 or P-K 2 

5 or 6 

A-P 5 or A-P 6 to P, 


Turntoble no. 1 

and TT-1 

5 or 6 

Tran.scription 

A-P 5 or A-P 6 to P, 


Turntable no. 2 

and TT-2 

5 or 6 


2. To Audition Studio B lAiilc Studio A is on 
the Air. To audition studio B while studio A is 
on the air, proceed as follows: 

a. With the talk-back and monitor push buttons 
in the normal (off) positions, press the aud push 
button and throw the microphone switch, A-P num¬ 
ber 3, to the A position. 

b. Adjust mixer number 3 and the monitor vol¬ 
ume control to obtain a suitable output from the 
control room loudspeaker, 

3. To Cue Studio B from Studio A and then 
Place Studio B on the Air. Assuming that micro¬ 
phone number 1 in studio A is in use and it is de¬ 
sired to place microphone number 1 in studio B on 
the air, it is necessary to perform only the following 
steps at the moment studio B is to go on the air 
(since studio B loud-speaker is already receiving the 
signal from studio A ). 

a. Close mixer number 1. 

b. Throw microplionc switch A-P number 3 to 
the P position. 

c. Adjust mixer number 3 to the proper level as 
indicated by the VU meter. 

4. To Cue Studio B from a Cue Line and then 
Place Studio D on the Air. Assuming that micro¬ 
phone number 1 is in use in studio A and that studio 
A is on the air, proceed as follows: 

a. Press the proper cue line push button and 
regulate the monitor volume control to obtain the 
desired volume from studio B speaker. The cue 
line may be monitored by the control room speaker. 

b. At the moment studio B is to go on the air, 
perform the following operations in quick succession: 

(1) Close mixer number 1. 

(2) Throw microphone switch A-P number 3 to 
the P position. (Assuming microphone number 1 
in studio B is to go on the air.) 

(3) Adjust mixer number 3 to the proper level 
as indicated by the vu meter. 

5. To Talk Back to Studio A or Studio B. To 
talk back to either studio A or studio B proceed 
as follows: 

Press the talk-back push button A or B according 
to the studio desired, and talk into the talk-back 


microphone. This cannot be done when either 
studio is on the air since the line out switch inter¬ 
locks electrically to prevent the studio speaker relay 
from coming on. 

6. Announcing. When using the 76-B2 conso- 
lette, the announce booth “On Air” lamp will light 
when K-7 is thrown to the remote position. For 
this reason, when the announcement is to be made 
from the remote microphone, it is advisable to first 
throw K-4 to the prog position and then operate 
the ANNOUNCE switch at the instant the announce 
booth microphone is to go on the air. 

Because of additional contacts on K-4 in the 
76-B4 consolettc, the announce switch K-7 may 
he thrown tc* remote and then K-4 to prog when 
ready for the announcement, since the announce 
booth “On Air” lamp will remain off until K-4 is 
closed. 

Note: Wlicn using microphone number 4 (see 
Figure 9-97) in studio B, it is possible to throw the 
announce switch (K-7) and allow .studio B to 
hear the announcement and then be returned to 
the air. 

7. Emergency Use of Monitor Amplifier. Tn 
ca.se of failure of the program amplifier <luring a 
broadcast, the monitor amplifier may be used pend¬ 
ing repair of the piogram amplifier in the following 
manner: Assuming that microphone number 1 is on 
the air when the trouble occurs, (piickly throw A-P 
switch number 1 to the A position, press the aud 
push button, and throw the line out switch to the 
EMG position. 

8. Nettvork Monitoring. When the proper ter¬ 
minals are connected to the network, or other out¬ 
side signal; the oi)erator may li.sten to the signal, 
by using the headphones, when the phone monitor 
switch is in the normal (middle) position. 

9-47k. Power Supply—The MI-11301-B power 
supply furnishes plate, heater and relay require¬ 
ments for the RCA 76-B .series of consolettcs. It 
also supplies loud-speaker field power for a maxi¬ 
mum of three 100-volt, 10-watt loud-speaker fields. 

The cabinet is provided with ventilating screens 
at the top and bottom. The conduits which carry 
the wiring to the unit are brought into the power 
supply through knockout holes in the sides of the 
cabinet. External connections are made to a ter¬ 
minal board at the left of the chassis. Tubes, ter¬ 
minal connections, fuses, resistors and wiring are 
accessible when the hinged door is opened to the 
right. Other resistors, condensers and transform¬ 
ers are mounted on the back of a hinged chassis 
which may be swung outward for testing and servic¬ 
ing. A safety switch is provided which removes the 
power from the circuit when the door is opened. 
A POWER oN-OFF toggle switch is mounted on the 
side of the cabinet. The MI-11301-B power supply 
is designed for wall mounting and is provided with 
suitable mounting brackets. The power supply 
should be mounted near the consolette to reduce 
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wiring, but not closer than 3 feet to avoid hum 
induction. 

9-471. Inspection and Checking —Particular at¬ 
tention has been paid in the design of the 76--B2 
and 76-B4 consolettes to provide the best facilities 
for reaching and servicing the component parts. 
The lid of the consolette is hinged so that the tubes 
are accessible for inspection and servicing. It may 
be opened by turning the two spring catches through 
90® with a thin coin or small screwdriver. The 
upper section of the cabinet may also be raised to 
expose the terminal boards and other components. 

For any piece of equipment that is subject to 
continuous use, as is most broadcast equipment, a 
regular routine of inspection should be set up and 


follow'ed to avoid time off the air as a result of 
tube failure, or noisy circuits caused by accumula¬ 
tion of dirt on terminals and switches, corroded 
plugs, etc. It is advisable to carry one complete 
set of spare tubes in case of emergency. 

The regular inspection should include checking 
the tubes. To check the tubes, first turn the vu 
CONTROL to the OFF position. The bias voltage of 
all tubes in the program channel may then be 
checked by turning the tube check switch to its 
various positions and observing the vu meter read¬ 
ings. The bias voltage provides an indication of 
the flow of plate current, thereby giving an indica¬ 
tion of the condition of the tubes. The normal 
meter readings for the tubes are listed below. 


Selector 

Switch 

Setting 

Tube 

Meter 

Reading 

Selector 

Switch 

Setting 

Tube 

Meter 

Reading 

1 

2 

3 

4 

5 

RCA-1620, preamplifier 
number 1 

RCA-1620, preamplifier 
number 2 

RCA-1620, preamplifier 
number 3 

RCA-1620, preamplifier 
number 4 

RCA-1620, 1st stage of 
program amplifier 

70 =fc 10 

70 db 10 

70 =fc 10 

70 =fc 10 

70 ± 10 

6 

7 

8 

9 

10 

RCA-1620, 1st stage of 
monitor amplifier 
RCA-1620, 2nd stage of 
program amplifier 
RCA-1620, 3rd stage of 
program amplifier 
RCA-1621, output stage of 
program amplifier 
RCA-1621, output stage of 
program amplifier 

70 ± 10 

70 ± 10 

70 ± 10 

70 ± 10 

70 rl- 10 
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These readings were taken with an a-c line voltage 
of 115 volts, the power transformers of the power 
supply being connected for llS-volt operation. 

The tube socket and tube cap contacts should be 
cleaned with carbon tetrachloride or crocus cloth 
every three months to insure noiseless operation. 

The mixer and master control switch contacts 
should be cleaned by applying Davenoil to the con¬ 
tacts, rotating the knob, and, if any dark streaks 
appear, wiping off the contacts. Repeat this proce¬ 
dure until absolutely clean, then lubricate with a 
thin film of Davenoil. No other cleaning agent, 
such as carbon tetrachloride, should be used. 

Push button switches of the 76-B2 consolette 
should be cleaned every four to six months, or more 
often if dust and climatic conditions make it neces¬ 
sary. They should be cleaned using the push button 
cleaning kit supplied with the consolette. 

Push button switches of the 76-B4 consolette are 
of a different type than those used on the 76-B2. 
They should not require cleaning under normal cir¬ 
cumstances, but if noise is encountered as a result 
of dirty push button contacts, they may be cleaned 
from the rear of the panel as follows: 

(a) Remove the two screws at the extremes of 
the push buttons and pull the switch assemblies back 
from the panel without removing any of the con¬ 
necting wires. 

(b) Using a toothpick or similar object apply a 
drop of Davenoil through each of the small eyelet 
holes directly over the switch contacts. 

(c) Work the plungers in and out and remove 
the excess oil from the switch assemblies. 

(d) Replace the switch assemblies. 

The various key switch contacts have been ad¬ 
justed to give the proper sequence of circuit connec¬ 
tions as they are operated so that a microphone and 
speaker will not be on at the same time in a studio 
and thus cause acoustic feedback. In case a re¬ 
placement key switch is installed, or if feedback 
trouble is encountered, the contacts should be ad¬ 
justed using a standard key-switch or relay-contact 
bending tool. When adjusting the switches, the fol¬ 
lowing desired sequence of operation should be kept 
in mind: The relay contacts must operate first and 
the audio circuits transfer last. This is accom¬ 
plished by relieving the tension of the center spring 
of the form D contacts controlling the relays, and 
increasing the tension of the center spring of the 
form D contacts carrying audio. Care should be 
taken that the spring shape is not altered, or the 
contact pressure reduced so much as to cause poor 
contact or short circuits. To remove the key switch 
shield, it is only necessary to remove the two 
screws, in the contact *'pile-ups” of the switches 
at the ends of the switches. 

Tube voltages for the preamplifiers, program am¬ 
plifier, and monitor amplifier are listed below. To 
obtain the values listed, all except heater voltages 
should be measured to ground, using a d-c volt¬ 


meter with a meter resistance of 5000 ohms per volt. 
Voltages listed are nominal and actual readings 
should not vary more than about 5 percent from 
the given values. If the voltmeter used has a meter 
resistance greater, or less than 5000 ohms per volt, 
most readings taken will vary accordingly, the 
amount of variation depending upon the circuit in 
which the meter is used. 

Tube Voltage Table 


PREAMPLIFIER VOLTAGES 


Tube Element 

RCA1620 

Plate d-c 

220 

Cathode d-c 

8.3 

Heater a-c 

6.2 


PROGRAM AMPLIFIER VOLTAGES 


Tube Element 

1st 

RCA-1620 

2nd 

RCA-1620 

3rd 

RCA-1620 

Each 

RCA-1621 

Plate d-c 

155 

80 

85 

270 

Screen d-c 


70 



Cathode d-c 

‘ 6.0 

1.9 

' 2.2 

*23 ‘ 

Heater a-c 

6.2 

6.2 

6.2 

6.2 


MONITOR AMPLIFIER VOLTACSES 


Tube Element 

1st 

RCA-1620 

2nd 

RCA-1620 

Each 

RCA-1620 

Phase 

Inverter 

Each 

RCA-1622 

Plate cl-c 

155 

115 

140 

340 

Screen d-c 




220 

Cathode d-c 

’ 5.8 

’ ‘ 4.3 

’ 5.0 

12 

Heater a-c 

6.2 

6.2 

6.2 

6.2 


^8. Master Control Facilities —A large broad¬ 
cast plant, such as a network key station, which 
employs a large number of studio units, and often 
transmits many different programs simultaneously 
to a network of stations throughout the country, 
must be equipped with suitable switching facilities 
capable of performing all the required program 
routing operations. Such a central switching and 
program distribution system is known as a “Master- 
Control.” 

Fundamentally, the function of the master-control 
facilities is to distribute properly program material 
from any of the many points of program origina¬ 
tion to the various outgoing program lines. In 
addition, it is common practice to centralize many 
other technical activities in the master-control room, 
such as private-line telephone switchboard opera¬ 
tion, operation of monitor loud-speakers located 
throughout the building, and plant testing and 
measuring operations. The master-control room 
also usually serves as a central equipment room, 
where all equipment, other than that in -the indi¬ 
vidual studio control rooms, is located. 
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Fin. 9—87, The switching section of the master control facilities at WFAA-KGKO. Provisions are made for switch¬ 
ing ten studios, or other program sources, to six outgoing program lines. Each of the volume indicators is permanently 
associated with an outgoing line and the selection of the program source is made by means of the rotary selector switch 
below, and to the left of, the v(jlume indicator. When a studio is pre-set, this is indicated on the lower row of green 
signal lights. When the studio is switched on the air, this is indicated on the itpper row of red signal lights. Any of the 
six .sections may be switched on the air individually by throwing the appropriate key switch to the “operate” position, or, if 
desired, all .sections may be operated simultaneously by setting the key switches to the “master” position and then, at the 
proper time, operating the master key switch which is located in the center of the panel. After the pre-set studios have 
been switched on the air, the rotary switch is free to .select the following program source. The volume level to any line 
can be adjusted by means of the volume control to the right of the rotary selector switch. (Courtesy RCA.) 


Although many different ma.ster-control selector 
and switching arrangements have been devised, de¬ 
pending usually on the scope of the switching opera¬ 
tions, the basic principle of operation of these sys¬ 
tems is always the same. The program lines from 
all the studios, as well as other points of program 
origination, are terminated in the master-control 
room. There, the desired studio or other program 
line is picked up by means of a suitable selector 
system and connected to the desired outgoing pro¬ 
gram lines which feed the various legs of the net¬ 
work. The switching system is usually so designed 
that the program distribution may be .set-up some 
time prior to actual air-time. This is known as 
“pre-setting.” At the proper time, the operation of 
a master switch energizes the necessary relays to 
interconnect the desired studios and outgoing pro¬ 
gram lines. The following program distribution 
may then be pre-set, to be placed on the air at the 
proper time. Inasmuch as pre-setting is es.sential 
for smooth and accurate operation, the actual 
switching is almost always accomplished by means 
of relays. 

The complexity of a master-control switching 
system will be determined by the number of studios 
or other points of program origination to be se¬ 
lected, the number of outgoing lines to which tlie 
programs are to be transmitted, the number of dif¬ 
ferent programs to be transmitted simultaneously, 
and the basic complexity of the type of switching 


system employed. Two different switching ar¬ 
rangements are shown in Figures 9--87 and 9-88. 

A simplified block diagram of a typical ma.ster- 
control installation, omitting all but the essential 
circuit elements, is shown in Figure 9-89. In this 
illustration, program lines from seven studios, and 
incoming program lines from ten remote points are 
the sources of program material. Two remote 
channels, designated Remote Channel 1 and Remote 
Channel 2, into which the program line from the 
desired remote point may be patched, are provided. 
These remote channels contain the necessary line 
terminal equipment, including line equalizers, as 
well as a program amplifier to step-up the low in¬ 
coming line level to the standard level being received 
from the studios. Both studio and remote channels 
are terminated in resistor loads before entering the 
selector and switching facilities. 

Five outgoing program channels feeding five dif¬ 
ferent outgoing program-lines are shown. Each 
channel contains a bridging amplifier, line pad, line 
coil, as well as a volume indicator for visual moni¬ 
toring, and a monitoring amplifier and loud-speaker 
for aural monitoring of the program material. 

^9. Bridging Amplifier— A bridging ampli¬ 
fier, such as those shown in the outgoing program 
lines of Figure 9-89, has a very high input imped¬ 
ance, usually 20 to 100 times the impedance of the 
circuit being bridged. The bridging amplifier is 
intended to be connected across a terminated pro- 
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gram circuit without causing any appreciable change 
in the impedance relations or volume level in the 
program circuit. 

The bridging amplifier in each outgoing line chan¬ 
nel serves two important functions. First, it per¬ 
mits any reasonable number of outgoing channels to 
be connected across any one studio bus. As an 
example, should a program from one studio be 
transmitted to all outgoing lines, all the bridging 
amplifiers would be connected across the one studio 
bus. Provided the input impedance of the ampli¬ 
fiers is high enough, the combined loading of all 
amplifiers will have no appreciable efYect on the 
impedance relations or program level in the studio 
bus. The second important function of the bridg¬ 
ing amplifier is to provide isolation between the 
various outgoing program lines. Should two or 
more program lines carrying the same program be 


connected together, as would be the case if the 
bridging amplifier were not employed, any noise, 
short-circuit, ground or otlier fault developing on 
one line would affect the other lines. The bridging 
amplifier, being a one-way device, completely iso¬ 
lates all program lines and eliminates this undesira¬ 
ble possibility. 

Bridging amplifiers used in broadcast work usu¬ 
ally have an input impedance ranging from 20,000 
to 30,000 ohms, and an output impedance of ISO and 
600 ohms. An insertion gain of 6 db is usually ade¬ 
quate, that is, if the amplifier is bridged across a 
program bus carrying a volume level of -f-8 vu, 
the output of the bridging amplifier will be + 14 
vu. This will result in a level of + 8 vu on the 
outgoing program line after the program has passed 
through the customary 6-db line pad. In accord¬ 
ance with the principles of good amplifier design 









Fig. 9-88. The master control switching system at KNX in Hollywood provides facilities for switching program ma¬ 
terial from eighteen studios, or other points, to six outgoing programs lines. Studios are selected by means of the rotary 
selector switches at the lower portion of each of the six switching sections, each section being permanently associated 
with an outgoing program line. The number of a studio that is pre-set appears in lighted green numerals on the upper 
translucent indicating screen. When the studio is switched on the air, the numerals appear in red on the lower screen. 
Operation of the switching sections may be accomplished individually by means of switches on the individual panels, or, 
if desired, they may be operated as a group by means of a “master” switch. When a studio has been switched on the 
air, the studio selector switch is free to pre-set the following program. Outgoing volume level is indicated by the volume 
indicator on each panel and may be adjusted by means of the control immediately above the volume indicator. .(Courtesy 
CBS.) 
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already outlined, the bridging amplifier should be 
capable of an output level of at least + 24 dbm 
(about 250 milliwatts) without excessive distortion. 

9-50. Langevin Type 118-A Bridging Ampli¬ 
fier —The type 118-A amplifier is a small, fixed- 
gain, plug-in, single-stage, push-pull bridging ampli¬ 
fier designed to bridge terminated 600-ohm program 
lines. This amplifier provides an insertion gain of 
6 db, having just sufficient gain to overcome the 
loss of the bridging input connection, and the loss 
of an external ^db line pad. The 118-A amplifier 
provides an isolation of 75 db or more between its 
output and the program circuit being bridged. 
Two 6AK6 vacuum tubes in a push-pull circuit are 
employed in this amplifier as shown in Figure 9-90. 

9-50a. Technical Data 

1. Insertion gain: 6 db (from bridging input to 
line pad input). 

2. Input source impedance: 600-ohm terminated 
program line. 

3. Output load impedance: 600 or 150 ohms. 

4. Isolation: 75 db at 15 kc, 90 db at 50 cps. 

5. Output pozver: -f 24 dbm (0.25 watt) with less 
than 1 percent total rms harmonic distortion at 
frequencies between 100 and 15,000 cps and less tlian 
1.5 percent total harmonic distortion at 50 cps. 


6. Output noise: 99 db below +24 dbm (75 db 
below .001 watt). 

7. Frequency characteristics: +1.0 db over the 
range 50 to 15,000 cps. 

8. External power requirements: 6.3 volts at 0.3 
amp. Plate 225 volts at 35 ma. 

9. Dimensions: Height 6’Vie inches, width OVy 
inches, deptl: 4ys inches, weight 21/2 pounds. 

9-50b. Connections 


Plug Pin 

Nos. Circuit 

1, 2.25,000 ohm bridging input 

3.Plus VT-l] 

6 .Plus VT- 2 J 

7 .B+ 225 volts d.c. at 35 ma 

8 .B- 

9 .Spare 

10, 13.600 or 150 ohms output 

11, 14.Filament 6.3 volts at 0.3 amp 

12.Chassis ground 

9-50c. Metering Circuits—Metering circuits are 
designed for a percentage type meter with a 200- 
microampere movement. A series resistor should 
be added of such value that the total resistance of 
meter and resistor is 1000 ohms. One hundred 
percent on the meter will be at 75 percent of full 
scale. 


LEGEND 




Fig. 9-89. Simplified block diagram of typical master control audio facilities. 
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Fig. 9-90. Schematic diagram of Langevin USA bridging amplifier. 


9-50d. Mounting—The small physical size of 
the 118-A amplifier makes it an ideal unit when it 
is necessary to transmit program material to many 
ladio lines from a single program bus. Twelve of 
these amplifiers may be mounted in lO^/o inches of 
rack space as illustrated in Figure 9-91, 

9-51. Broadcast Pick-ups from Remote Points 
—Many radio broadcasts, such as sporting, news, 
or other special events, as well as musical pick-ups 
from restaurants, hotels, and night clubs, obviously 
cannot originate from a radio studio. Portable 
audio facilities are therefore required which can be 
carried to the point of program origination and set 
up quickly and conveniently. The program is then 
transmitted to the radio station by means of tele¬ 
phone program loops. 

Other pick-ups are frequently encountered, such 
as broadcasts from airplanes, ships, or isolated 
points, where telephone lines cannot be employed for 
transmission. In these cases, low-powered radio 
transmitters are employed to relay the program to 
a suitable receiving location near the radio station, 
or to a point where radio program lines to the 
station are available. 

Portable audio facilities for broadcast pick-ups 
should be small in size and light in weight, to facili¬ 
tate handling during transportation. In addition, 


they should be of very rugged construction to with¬ 
stand the rough handling normally encountered in 
the field. 

The performance of portable equipment should 
be comparable to the performance of regular studio 
equipment. Sufficient gain should be provided to 
permit the use of low-level microphones. The 
response-frequency characteristics should be uni¬ 
form and the distortion and noise level should be 
as low as possible. Facilities employing high-level 
mixing will have a lower noise level than those 
employing low-level mixing. 

The portable facilities should provide a sufficient 
number of mixing positions for the intended pur¬ 
pose and should be equipped with a standard volume 
indicator for visual monitoring. Headphones are 
normally used for aural monitoring; therefore a 
suitable headphone jack should be provided and the 
volume level to the headphones should be high 
enough to be heard clearly over the loud background 
noises encountered at many points of remote pro¬ 
gram origination. 

Portable remote pick-up equipment may be pow¬ 
ered either from batteries or from rectified a.c. 
Battery operation must always be provided for, as 
the equipment is often operated at points whqre a.c. 
is not available. It is also desirable to employ bat- 
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Fig. 9-91. A bank of 24 Langevln 118A bridging amplifiers 
employed at the United Nations audio facilities at Lake Success. 
Twelve amplifiers are accommodated in each mounting frame which 
requires lOV^ inches of rack space. Two such frames are shown. 


tery operation at any location where there is any 
possibility of the a.c. failing during the progress 
of a program. 

9-52. RCA Remote Pick-up Equipment OP-6/ 
OP-7—The RCA OP-6/OP-7 is a lightweight, 
portable pick-up mixer and amplifier providing four 
microphone inputs with high-level mixing, built-in 
a-c power supply, and full-sized VU meter. Small 
cases furnished with shoulder straps provide a 
maximum of convenience in carrying these units. 
Battery operation may be used at any time by 
plugging in the cord of the battery box. No circuit 
changes are required. 

The OP-6/OP-7 combination is illustrated in 
Figure 9-92. As can be seen, the equipment is di¬ 
vided into two units: the OP-7, a four-position pre¬ 
amplifier and mixer; and the OP-6, a high-gain 
amplifier that raises the low output level of the 
mixer unit to a level suitable for transmission over 
wire lines. Where only one microphone is required, 
the OP-6 may be used without the OP-7 unit. 


9-53. RCA OP-6 Portable Remote Amplifier— 

The OP-6 remote amplifier is designed for broad¬ 
cast applications at remote service points. Except 
for certain accessories, such as microphones, moni¬ 
tor headphones, vu meter, and tubes, this unit con¬ 
stitutes a complete equipment. The amplifier is a 
three-stage, resistance-coupled unit, having linear 
characteristics, designed to amplify the output of a 
microphone to a level suitable for telephone line 
transmission. The amplifier is a single-channel 
unit, having provision for one microphone, which 
may be of the velocity, pressure, or unidirectional 
type. Terminals also are provided for an auxiliary 
microphone. By changing the input circuit, as de¬ 
scribed later, a crystal microphone may be used. 

The amplifier circuit uses two feedback circuits, 
one in the first stage and the other in the last two 
stages. The volume control is arranged to main¬ 
tain automatically the greatest amount of feedback 
in the first stage, consistent with the required gain. 
Distortion resulting from high inputs overloading 
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Fig. 9-92. The RCA OP-h/OP-? remote pick-up equipment. The unit at the left is the 
OP-7 four-position pre-amplifier mixer. (Courtesy RCA.) 


the first stage is reduced by using this circuit de¬ 
sign. A 2-db pad in the output isolates the output 
stage and the telephone line so that the output stage 
and volume indicator work into a reasonably con¬ 
stant impedance at all limes. 

The OP-6 amplifier is designed to operate from 
a-c power lines. However, when so desired, a bat¬ 
tery box may be used to furnish power to the 
amplifier. Switching between a-c line operation 
and battery operation is accomplished by two power 


cords, each equipped with a multiconductor plug. 
The plugs arc so connected internally that one cord 
is used for a-c power supply operation and the other 
cord for battery operation. 

9-53a. Installation 

1. Location and Mounting. The OP-6 amplifier 
is self-contained and is adapted especially for use 
in the remote pick-up (with suitJible microphones) 
of sporting events, street programs, political and 
social meetings, and other gatherings of a similar 



Fig. 9-93. Schematic diagram of RCA OP-6 portable remote amplifier. (Courtesy RCA.) 
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nature. It also may be used for semipermanent 
installations. The amplifier may be carried by 
means of the shoulder strap supplied, or may be 
placed on any suitable, convenient support. Be¬ 
cause of the high gain of this amplifier, care 
should be exercised to prevent undesirable pick-up 
when using the amplifier in strong r-f fields or 
near-by a-c power lines. 

2. Audio Input Connections. Two input connec¬ 
tions are provided; the one (MIC T) equipped with 
a Cannon receptacle is for normal operation while 
the other for auxiliary use (AUX. MIC. 2) is 
equipped with screw type terminals. A transfer 
switch marked l-‘MIC-2 connects either micro¬ 
phone input to the input transformer. When using 
a C'annon connector, the cable shield should be con¬ 
nected to terminal 1. When using the auxiliary 
microphone, the cable shield should be connected 
to the middle terminal. 

If it is intended to use a crystal microphone, the 
input circuit should be changed as shown on the 
schematic diagram, Figure 9-93, under the heading 
“Input Circuit for Crystal Microphone.” Either 
terminal (2 or 3) in the receptacle may be used 
for the high side of the microphone line as long as 
it is consistent with the wiring of the microphone 
to the Cannon plug. 

3. Audio Output Connections. The OP-6 ampli¬ 
fier is supplied with the output connected for a load 
for line) impedance of 600 ohms. 'J'he middle out¬ 
put terminal is connected to the center tap of the 
output transformer. This middle terminal should 
be connected to the shield (or ground) of the bal¬ 
anced line into which the amplifier is intended to 
work. The output of the amplifier may be made to 
work into a load of 150 ohms by changing the wir¬ 
ing as sliovvn on Figure 9-93 under the heading 
“Output Connections for 150 Ohms.” No addi¬ 
tional parts are required to make this change. 

4. Battery Connections. The battery box is de¬ 
signed to be used with the OP-6 amplifier for bat¬ 
tery operation. This battery box contains space for 
15 Burgess type 4F A batteries or equivalent, and 
six Burgess type B-30 B batteries or equivalent. 
This supplies a plate voltage of 270 volts d.c. and 
a filament voltage of 7.5 volts d.c. The battery box 
is wired with ])lugs ready to be inserted into the 
above-named batteries, and is supplied with a power 
cord for direct connection to the OP-6 amplifier. 
The battery connector plug is wired as shown in 
the lower left corner of Figure 9-93, Where bat¬ 
tery life is more important than a small reduction 
in performance, it is possible to use 6W7-G tubes 
in the second and third stages. 

9-53b. Operation —When the amplifier is set 
up for use, care should be taken that it is not near 
a-c power lines or in strong a-f or r-f fields. 
Particular care should be taken in placing the micro¬ 
phones and microphone cables. When the equip¬ 
ment has been set up for operation, turn the power 


switch ON and, before broadcasting has commenced, 
turn the volume control on full, and check care¬ 
fully for extraneous noises. 

Output level to the line should be approximately 
vu and should be indicated properly on the 
volume indicator. The volume control should be 
adjusted so that the peaks of modulation swing the 
needle of the volume indicator to zero on the meter 
scale (for a line level of +8 vu), 

9-53c. Maintenance —The volume control con¬ 
tacts should be cleaned by applying Davenoil to the 
contacts, rotating the knob and, if any dark streaks 
appear, wiping off the contacts. Repeat this proce¬ 
dure until absolutely clean, then lubricate with a 
thin film of Davenoil. No other cleaning agent, 
such as carbon tetrachloride, should be used. 

9-54. RCA OP-7 Portable Mixer Preamplifier 
—^'fhe OP-7 portable mixer preamplifier con.stitutes 
a complete portable mixer equipment for broadcast 
applications. It includes four separate preamplifier 
channels with separate controls for mixing the 
microphone inputs. From one to four microphones 
may be used, and they may be of the velocity, in¬ 
ductor, or dynamic types with an impedance of 
either 250 or 30 ohms. Each of the four channels 
has a linear characteristic. The OP-7 mixer pre¬ 
amplifier is designed to be used with the type OP-6 
amplifier, but may be used with any other similar 
amplifiers having a 250- or 30-ohm input. 

This mixer preamplifier is designed to operate 
from a-c power lines. However, when desired, a 
battery box may be used to furnish power, and, if 
the OP-6 amplifier is used along with the OP-7, 
the battery box may be used to supply power to both 
amplifiers. Switching between a-c line operation 
and battery operation is accomplished by means of 
two power cords, each equipped with a multi- 
conductor plug. The plugs are so connected inter¬ 
nally that one cord is used for the a-c power supply 
operation and the other cord for battery operation. 

The battery box is designed to jiccommodate the 
required A and B batteries with additional space 
provided for the storage of spare tubes, a micro¬ 
phone, and connecting cables. 

The input circuit to each of the four channels of 
the type OP-7 mixer preamplifier consists of a 
transformer normally connected for 250-ohm opera¬ 
tion (30-ohm terminals are available as described 
under “Audio Input Connections”). An RCA 1620 
(or RCA 6J7), connected as a triode, is used in each 
channel. An attenuator, connected across the pri¬ 
mary of the output transformer, is in the output 
circuit of each tube. The OP-7 mixer preamplifier 
is designed to insure minimum cross-talk, hum, and 
distortion. 

9-54a. Installation 

1. Location and Mounting. The OP-7 mixer 
preamplifier is self-contained and is suited especially 
for use with the OP-6 (or similar) amplifier when 
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Fig. 9-94. Sclieniatic diaprani of RCA OP-7 ^H)rtable mixer pre-amplifier. (Courtesy RCA.) 


more than one microphone is to be used in the 
remote pick-up of sporting events, street programs, 
political and social meetings, and other gatherings 
of a similar nature. With the OP-7 mixer pre¬ 
amplifier, the jirogram may be faded readily from 
one to any other microphone. 

When used with a high-gain amplifier, such as 
the OP-6, due care should be exercised when using 
the amplifier in strong r-f fields or near-by a-c 
})ower lines in order to prevent undesirable pick-up. 

2. Audio Input Connections. The OP-7 mixer 
preamplifier is provided with four microphone posi¬ 
tions and four mixers. The microphone connec¬ 
tions are made through four locking receptacles 
provided at the rear of the amplifier. 

It should be noted that the OP-7 mixer pre¬ 
amplifier is provided with four 250-ohm input cir¬ 
cuits for use with one to four 250-ohm microphones. 
If it is desired to use one or more 30-ohm micro¬ 
phones, the same number of microphone receptacles 
must be disconnected from the 250-ohm primary 
of their respective input transformers (terminals 1 
and 4) and connected to the 30-ohm primary ter¬ 
minals (2 and 3). 

3. Audio Output Connections. Audio output con¬ 
nections are made through a locking type plug pro¬ 
vided at the rear of the amplifier, or connections 
may be made through three screw terminals on the 
front panel. To use two OP-7*s with one OP-6, 
the OP-7's should be connected in parallel at the 
three screw terminals on the front panel marked 
OUTPUT. A shielded rubber-covered cable such as 
used for microphones is recommended. The shield 


should be connected to the center (the ground) ter¬ 
minal on each unit. The OP-7 is connected nor¬ 
mally to work into a balanced load of 250 ohms 
(or higher) such as the injiut of the type-OP-6 
amplifier. However, if it is desired to work into 
a balanced load of 30 ohms, the output plug (and 
binding posts) must be disconnected from the 
resistors R-19, R-20, R-21 and the 250-ohm sec¬ 
ondary of the output transformer T-5 (terminals 
1 and 4) and connected directly to the 30-ohm ter¬ 
minals (2 and 3). Operation into an unbalanced 
load is satisfactory provided care is exercised in 
selecting properly shielded cable. 

4. Battery Connections. The MT-11214 battery 
box is designed to be used with the OP-7 for bat¬ 
tery operation. This battery box contains space for 
15 Burgess type 4F A batteries or equivalent, and 
six Burgess type B-30 B batteries or equivalent. 
This supplies a plate voltage of 270 volts d.c. and a 
filament voltage of 7.5 volts d.c. The battery box 
is wired with plugs ready to be inserted into the 
above-named batteries, and is supplied with a power 
cord for direct connection to the OP-7. 

9-54b. Mixer Controls and Operation-^Four 
mixers, numbered from 1 to 4, are provided on the 
front of the panel for mixing the microphone inputs. 
The numbers of the mixers correspond with the 
numbers near the microphone receptacles. When 
using the OP-7 with the OP-6 (or similar) ampli¬ 
fier, the best signal-to-noise ratio is obtained when 
the OP-7 is operated with the output levej at or 
near maximum gain. 
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When the equipment is set up for operation, turn 
the power switch on and, before broadcasting has 
commenced, turn all volume and mixer controls 
being used on full, and check carefully for extrane¬ 
ous noises. Care should be taken that the ampli¬ 
fiers, microphones, and microphone cables are not 
near a-c power lines or in strong a-f or r-f fields. 

9-55. Electrical Transcriptions —E1 e c t r i c a 1 
transcriptions, as well as phonograph records, are 
very frequently employed as sources of program 
material in radio stations. It is essential that only 
the very finest equipment be employed in repro¬ 
ducing these recordings if satisfactory results are 
to be obtained and objectionable “wows” and “rum¬ 
ble” not introduced. Wows are caused by speed 
variations in the turntable,while rumble is caused 
by mechanical vibration being transmitted to the 
turntable from either the driving motor or from 
some external source. The transcription-reproducing 
equipment must be capable of reproducing both 
“vertical” and “lateral” cut recordings. In lateral 
recordings, the modulation on the record groove is 
cut in a direction parallel to the record surface, 
while in vertical recordings (sometimes called “hill 
and dale recordings”) the modulation is cut at right 
angles to the plane of the record surface. Phono¬ 
graph records are all lateral cut, but commercial 
electrical transcriptions employ both methods. 

The recorded response-frequency char€acteristic of 
both electrical transcriptions and phonograph rec¬ 
ords has not yet been standardized and several dif¬ 
ferent characteristics are currently employed. It is 
therefore essential that an equalizer, capable of ad¬ 
justing the characteristics of the transcription re¬ 
producing equipment to complement the different 
recorded characteristics, be included. If such an 
equalizer is not provided, it will be impossible to 
reproduce properly all recordings. 

The pick-up head should be of rugged construc¬ 
tion to provide continuous high-quality perform¬ 
ance, without failures, under the rigorous service of 
daily operation for long periods. In addition, the 
pick-up head should embody the following essential 
properties. 

1. Low stylus force, to reduce record wear. 

2. Stylus of correct shape to fit record groove 
properly. 

3. Good response characteristics. 

4. Low harmonic and intermodulation distortion. 

5. Low acoustic radiation or needle talk. 

6 . High degree of compliance over the entire 
frequency range in the direction of stylus motion. 

Pick-up heads meeting the above requirements 
invariably have a very low output level, the output 
usually being of a magnitude comparable to micro¬ 
phone output levels. 

’ 5* Speed variations are not the only cause of wows. 
They are also brought about by eccentricity of the center 
hole in the record, a loose fit of the centering pin in the 
center hole of the record, and by a wobbly turntable. 


In the following paragraphs, two commercially 
available transcription-reproducing turntables to¬ 
gether with their associated pick-up heads and 
equalizing equipment are described. This material 
has been taken from the manufacturer's instruction 
books. 

9-56. Western Electric 109 T3rpe Reproducer 
Group —The Western Electric 109 reproducer 
group is a professional disc-record reproducing com¬ 
bination, consisting of a versatile single-element 9 
type reproducer with its supporting arm and equal¬ 
izer equipment. It is a practical reproducer for 
both vertical and lateral-cut disc-type recordings. 
Many 109 reproducer groups are in daily use in 
broadcasting stations, sound distribution systems, 
wired program service, and general purpose 
applications. 

The 109 reproducer group is available in two com¬ 
binations. The 109AA reproducer group consists 
of: 9A reproducer, 5A reproducer arm, KS-13386 
equalizer and cable assembly. 171A repeating coil, 
and 711A bracket. The IWB reproducer group 
consists of: 9B reproducer, 5A reproducer arm, 
KS-13386 equalizer and cable assembly, 171A re¬ 
peating coil, and 711A bracket. 

The two reproducers, 9A and 9B, differ only in 
stylus material and tip radius. They are mechani¬ 
cally and electrically interchangeable on the 5A 
reproducer arm, and they function equally well with 
other components of the group. The 9A reproducer 
has a 2-mil radius diamond tip stylus. It gives good 
performance and long life on transcription type 
records made of nonabrasive material. It is suited 
for vertical and lateral cut records with narrow or 
medium groove cross section. The 9B reproducer 
has a 2%-mil radius, sapphire-tip stylus. The 
larger stylus tip improves the signal-to-noise ratio 
of the lateral recordings with wider groove cross 
sections. When used with records containing an 
abrasive (phonograph records), the sapphire may, 
in time, wear sufiTiciently to alter reproduction. 
However, stylus renewal can be obtained by return¬ 
ing the reproducer to the distributor. 

^56a. 9 Type Reproducer —The W. E. 9 type 
is a dynamic (moving coil) type reproducer with 
the pick-up stylus arranged to move vertically for 
reproduction from vertical records and transversely 
for reproduction from lateral records. This instru¬ 
ment provides excellent discrimination between the 
two different types of groove modulation. The ver¬ 
tical noise components always present in lateral 
record grooves are suppressed when the reproducer 
is switched for lateral reproduction. Correspond¬ 
ingly, when the reproducer is switched for vertical 
reproduction, unwanted lateral modulation, inherent 
in the sides of vertical record grooves, is suppressed. 

The 9 type reproducer and associated 5A repro¬ 
ducer arm have been designed so that their natural 
period of resonance lies below the audio frequencies 
usually reproduced in any program system. This, 
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Fic 0-9 *5 A cut aviay mcvv of the Western Fleclnc 0 type uni¬ 
versal phonograph rtproducir reveals its uni(]ue use of two balanced 
coils Notv also till four prong terminals (extreme right of upper 
figure) by means of which the electrical phase of the coils mi> be 
switched 180° when shifting from vertical to lateril recordings The 
small insert shows an enlarged view of the vibrating system Ihe cir¬ 
cular vine of viscous matin il carried by the stylus support damps out 
high frequency resonances caused by the elastic properties of tlu record 
material (Courtesy Western Electric ) 

together with the low mtchanical inipedante of the 
9 type reproducci mititnnzcs unwanted vibratory 
pick up and enables the full range of groove modu¬ 
lation to be reproduced faithfull} Ihc jewel stylus 
tip and the extremely light piessure on the record 
(only 35 grams) assure long reeoid life 
9“56b. 5A Reproducer Arm— Weighing 3% 
pounds, the 5A reproducer arm has sufficient mass 
to offer the ineitia essential to stable tiacking and 
full low-frequency repioduction The 5A repio- 
ducer arm has a four-pin jack into which either of 
the 9 tvpe reproducers mav be plugged 1 he repro¬ 
ducer IS locked in position by means of a thumb¬ 
screw The arm supports and counter-balances the 
reproducer and contains leads for connection to the 
KS-13386 equalizer and cable assembly 

The over-all length of the arm and reproducer is 
18% inches and the distance between the stylus and 
pivot IS 13y8 inches Height of the arm is adjust¬ 
able to accommodate different heights of turntable 
platters (% inch to 2 inches) Ihe height is easily 
adjusted by means of a set screw and should be ad¬ 
justed for each installation so that the stylus is 
perpendicular to the record 
9~56c. KS-13386 Equalizer—The KS-13386 

equalizer (and cable assembly), and the 171A 
repeating coil form the equalizing, switching, and 


impedance-matching portion of the 109 type repro¬ 
ducci groups The equalizer switch has seven re¬ 
producing positions two for vcitical and bvc for 
latdcd The seven reproducing characteristics are 



Fig 9-96 Reproducing characteristics of the Western 
Electric 109 type equipment 

based on two fundamental frequency response char¬ 
acteristics, Curve A and Curve B These curves 
match those which are currently used for record 
production Curve A is the conjugate of the fre¬ 
quency response curve in general use in recording 
vertical transcriptions, some early lateral transcrip¬ 
tions and a few “instantaneous type” lateral trans- 
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scriptions. Curve B is the conjugate of the fre¬ 
quency response curve in general use in recording 
lateral transcriptions (NAB Standard and Orth- 
acoustic) and phonograph records. For informa¬ 
tion on specific curves used in making recordings, 
the recording studios should be consulted. 

^56d. 171A Repeating Coil —The 171A repeat¬ 
ing coil provides taps for feeding circuit imped¬ 
ances of 30 ohms, 250 ohms, or 500/600 ohms. This 
must feed directly into a resistive type circuit such 
as a constant-impedance type mixer. For faithful 
reproduction when feeding high-impedance circuits, 
sucli as a preamplifier input, a simple L pad should 
be interposed between the repeating coil and the 
preamplifier for purposes of impedance stabilization. 

9-56c. Wiring Connections —Connections be¬ 
tween reproducer and switch, and switch and repeat¬ 
ing coil, should be made as shown in Figure 9-97. 
All equipment and wiring should be located as far 
as possible from the motor and power wiring. 



Fifi. 9-97. Inter-component connection of the Western 
Electric 109 type reproducing equipment. 


The input circuits with which this reproducer 
group is connected should be operated unbalanced 
with respect to ground and should be connected to 
the 171A repeating coil as follows: 

For 30 ohms: use terminals 3 (ground side) 
and 4. 

For 250 ohms: use terminals 3 (ground side) 
and 5. 

For 500/600 ohms: use terminals 3 (ground side) 
and 6. 

The coil is designed to work into a resistive load. 
It can be connected directly to a constant-impedance 
mixer circuit. When it is connected to a prelimi¬ 
nary amplifier input, a pad must be used between 
the repeating coil and the amplifier to stabilize 
impedance conditions. Typical connections are 
shown in Figure 9-98. If the amplifier is operated 
with one side of its input circuit grounded, for best 


results the grounded side should be connected to 
terminal 3 of the repeating coil. 



Fig. 9-98. Termination network required on 171A re¬ 
peating coil when feeding a high-impedance circuit, such as 
a preliminary amplifier input. 


9-56f. Technical Data 

1. Frequency response 

For representative transmission from input to 
recorder filter to output of reproducer grouj), 
see Figure 9-96. 

For new transcriptions, use Curve A, VI or LI 
positions. 

For old or worn transcriptions, use Curve A, V2 
or L2 positions. 

For phonograph records, use Curve B, L2 or L3 
positions. 

For phonograph records having low surface noise, 
use Curve B, LI or L2 positions. 

2. Output noise: Dependent on record. Experi¬ 
ence indicates that representative signal-to-noise 
ratios as high as 45 db for transcriptions and 20 db 
for phonograph records are attainable under operat¬ 
ing conditions. 

3. Operates from: Vertical or lateral-cut disc 
records up to 16 inches in diameter. 

4. Load impedance: 30, 250, or 500/600 ohms 
mixer or stabilized preamplifier input. Reproducer 
group must be operated into a proper resistive 
termination. 

5. Output level: Dependent on record. Repre¬ 
sentative program level comparable to high-(|uality 
microphone output level. Experience indicates that 
a net gain of 60 to 80 db is adequate to raise the 
level to 0 vu, 

9-57. RCA Type 70-C2 Transcription Turn¬ 
table —The type 70-C2 transcription turntable is 
designed for high-fidelity reproduction from records 
and transcriptions. Mounted on the turntable is a 
combination pick-up and arm assembly for use in 
reproducing both lateral- and vertical-cut records. 
None of the turntable components overhangs the 
edges of the cabinet, so that the cabinet may be 
placed against a wall. A removable door on the 
front of the cabinet permits easy access to the 
motor, filter and terminal boards. There is suffi¬ 
cient space within the cabinet to mount a booster 
amplifier. The motor is a high-torque synchronous 
type, cushion-mounted on the bottom shelf of the 
equipment. The turntable has associated with it a 
separate flywheel to insure excellent speed regula¬ 
tion. The a-c power switch is a mercury-tube of 
the tumbler type. This silent type of power switch, 
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mounted atop the cabinet, permits the turntable to 
be operated near a microphone. A speed-change 
switch near the edge of the turntable plate is used 
to select either 78- or 33% rpm for the turntable 
speed. 

The pick-up and filter reproduce the various types 
of records (Orthacoustic, Victor, RCA, Columbia, 
World and others) with a response characteristic 
which is considered an ideal play-back response. 
The filter unit is designed so that this may be accom¬ 
plished by turning a switch to one of six positions. 
The pick-up head is of the moving-conductor type 
in which two ribbons are free to vibrate in their 
respective magnetic fields. The phase relation of 
the voltage generated in the ribbons reverses 180® 
when changing from reproducing lateral records to 
vertical records. The filter unit in the output cir¬ 
cuit selects the proper circuit so that the output 
voltages will be additive for either type of record. 
Since any vertical modulation will be cancelled when 
playing lateral-cut records, the ''pinch-effect'' in 
lateral reproducing is cancelled. (Pinch-effect is 
due to cutting a record with a plane and reproducing 
with a spherical surface. This produces second- 
harmonic frequencies which would seriously affect 
the quality of reproduction if not cancelled by the 
pick-up filter circuit.) The pick-up head contains 
a diamond-point stylus to eliminate the necessity of 
changing styli. The pick-up filter is designed to 
work directly into the primary of an unloaded input 
transformer. 
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FNEQUOCY IN CYCUCS KN SECOND 

Fig. 9 -99. Frequency response of RCA 70-C2 tran¬ 
scription turntable for lateral switch positions using test 
records. (Courtesy RCA.) 


The filter switch dial has six positions, four for 
lateral reproducing and two for vertical reproduc¬ 
ing. Refer to Figures 9-99 and 9-100 for the 
response curves of these positions using test records. 
The absolute level corresponding to 0-db response 
depends on a number of factors, an important one 
being the level employed in recording. However, 
it is probable that a good average is about the same 
as that accepted for the dynamic microphone on 


program pick-up, namely, —62 db below 1 milli¬ 
watt approximately. 

The switch positions are to be used as follows: 

1. Swith position L-1: Lateral transcriptions, for 
reproduction of transcriptions recorded according to 
the NAB standard lateral characteristic. 
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FREOUCNCV IN CYCLES PEN SECOND 

Fig. 9-100. Frequency response of RCA 70-C2 tran¬ 
scription turntable for vertical switch positions using test 
record. (Courtessy RCA.) 

2. Switch position L-2: Phonograph records, for 
reproduction of records and transcriptions which 
have been recorded with a cross-over frequency of 
500 cycles, such as Victor. 

3. Switch position L-3: Phonograph records, for 
reproduction of records and transcriptions which 
have been recorded with a cross-over frequency of 
300 cycles. 

4. Switch position L-4: Flat response, for repro¬ 
duction of lacquer recordings cut flat, especially 
when using the automatic equalizer to raise the 
high-frequency level at the inside of the record. 
This position may also be used for test purposes. 

5. Switch position V-1: Vertical transcriptions, 
such as World, for reproduction of transcription 
recordings cut in accordance with the NAB stand¬ 
ard vertical characteristic. 

6 . Switch position V-2; Vertical transcriptions 
such as Associated, same characteristics as V-1 ex¬ 
cept less high-frequency response. 

In order to insure stability of operation, turn the 
motor switch on and allow the turntable to run for 
at least five minutes before playing a record. This 
should be done especially when the instrument has 
been idle for an appreciable length of time (such 
as overnight or when the instrument has been ex¬ 
posed to the cold), but it is not essential between 
operations separated by intervals of short duration. 
After setting the speed-shifting lever, rotate the 
turntable platter slowly by hand until the mechanism 
is heard to engage. Avoid engaging the mecha¬ 
nism by holding the turntable platter and starting 
the motor. 
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For close cueing of records, it is satisfactory to 
hold the record by finger pressure on the rotating 
platter and to release the record just prior to open¬ 
ing the fader for the turntable channel. This 
practice may shorten the life of the turntable felt, 
but a new turntable felt may be ordered which is 
easily installed. 

Another common cueing practice is to locate the 
pick-up in a starting groove and rotate the record 
until the program is heard to start either by direct 
talk-back from the record or through an electrical 
cue system. Without lifting the pick-up stylus 
from the record, move the disc back by a portion 
of a revolution to permit the turntable to come up 
to speed before the program starts after the motor 
switch is turned on. This may be over % revolu¬ 
tion for 78 rpm records and over Vi revolution for 
33% rpm recordings. 

As a result of the continued demand for higher 
quality in the reproduction of broadcast transcrip¬ 
tions, the transcription turntable has been developed, 
through engineering refinements, into a device in 
the class with precision instruments and should be 
treated as such. With reasonable care and proper 
lubrication, it should give years of constant service 
without noticeahle increase in speed variation. 

9-58. Recording Equipment —It is often de¬ 
sirable in radio broadcasting operations to employ 
recording equipment to record a complete radio 
program, or a portion of a program, which may 
then be reproduced for radio transmission at a later 
time. This is particularly useful in connection with 
events that occur at a time not suitable for direct 
broadcasting. If such programs are recorded, they 
may then be transmitted at any desired time. An¬ 
other use for such recorded material is in connec¬ 
tion with long-distance, short-wave pick-ups. It 
often happens that short-wave communication con¬ 
ditions are not ideal at the time the broadcast is 
scheduled. If recording eciuipment is available, the 
short-wave portion of the program may be recorded 
at any time conditions permit prior to the actual 
broadcast time and then be reproduced during the 
radio broadcast. 

Instantaneous recording, so called because the 
records can be played back as soon as they have 
been recorded without any intermediate processing, 
and without damage to the record, is generally em¬ 
ployed for this purpose at radio stations. These 
instantaneous recording equipments employ the lat¬ 
eral system of recording almost exclusively. The 
completed recordings can be played back on 
transcription-reproducing equipment such as de¬ 
scribed in this chapter. 

Described below is a commercially available re¬ 
corder that is capable of cutting lateral recordings 
at turntable speeds of 33% or 78 rpm. The text of 
this material has been taken from the manufac¬ 
turer's instruction book and, in addition to describ¬ 
ing the equipment, contains some discussion of the 


problems involved in instantaneous recording and 
the technique of the instantaneous recording art. 

9-59. The RCA T 5 rpc 73-B Professional Re¬ 
corder —The RCA type 73-B professional re¬ 
corder is designed to make high-quality disc record¬ 
ings at either 33% or 78 revolutions per minute. It 
may be used in applications for preparing masters 
from which large numbers of records can be made. 
The recorder is highly suitable for broadcasting sta¬ 
tions in recording programs for use on future 
broadcasts, for rehearsals, auditions and similar 
applications. 

The turntable of the recorder is 17% inches in 
diameter and will accommodate blanks up to 18% 
inches in diameter and % inch thick. A removable 
rubber mat on the turntable provides a good record 
base and may be easily cleaned. Near the center of 
the turntable a drive pin is mounted over which fits 
any one of three drive holes in the record blank 
When it is desired to make use of record blanks 
without drive holes, this drive pin may be pressed 
down so that it will be below the surface of the 
rubber mat. A plunger-release button is mounted 
alongside the drive pin, and when this button is 
pressed, the drive pin comes back into position. 

The turntable is rim-driven by two synchronous 
motors coupled to drive wheels. Both motors are 
controlled by one on-off lever which operates a 
motor switch. When the lever is turned off, a 
brake automatically is applied to the rim of the turn¬ 
table, bringing it quickly to a slop. The motors are 
doubly rubber shock-mounted from the motor board. 

The feed screw is designed so that the recorder- 
head carriage may be used for cither outside-in or 
inside-out recordings without changing feed screws. 
The feed-screw drive consists of a pulley-and-bclt 
system between the drive shaft and turntable spin¬ 
dle. Mounted on the drive shaft above the turntable 
is a friction wheel which drives a flange on the end 
of the feed screw. The friction wheel may be 
moved up and down over the entire diameter of 
the flange by means of a knob on the outside of the 
drive-shaft housing. This adjustment selects the 
recording pitch and the direction of cut. An illu¬ 
minated pointer and scale on the outside of the 
drive-shaft housing indicates the setting of lines per 
inch for both inside-out and outside-in recordings. 
A release lever mounted at the top of the housing 
disengages the friction wheel from the flange when 
turned counterclockwise to facilitate adjustment to 
the desired number of lines per inch. A spring at¬ 
tached to the friction wheel is adjusted at the fac¬ 
tory to provide the proper pressure against the 
flange when the release lever is in the engaged posi¬ 
tion (turned clockwise). 

A separate self-braking motor overdrives the 
feed screw to provide start and finishing spirals. 
This motor is coupled to the feed-screw drive shaft 
by a pulley-and-belt system. A nonlocking push¬ 
button switch near the drive-shaft housing is u.sed 
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Fk. The RCA 7^ B professional recorder. 


to operate this motor. The spiralling: pitch is six 
lines per inch when the turntable speed is 78 rpm. 
For a turntable speed of 33% rpm the spiralling 
pitch is reduced in proportion to the speed change. 

The recorder-head carriage is free to rotate about 
the feed-screw tube until a latch locks the carriage 
with the feed-screw tube ^\hen the carriage is in 
the raised or non-cutting position. When the car¬ 
nage is raised from the cutting position, the feed- 
nut arm automatically disengages from the feed¬ 
screw, the arm automatically engages when the 
carriage is released from the rest position. 

The center thumb nut on the carriage controls 
the angle of the cut. The left-hand thumb nut ad¬ 
justs the depth of the cutter. 

The stylus lowering lever is used to raise or 
lower the stylus When the carriage is in the 
standby position, the feed-nut arm is engaged, and 
the stylus is near the surface of the record, ready 
to be lowered to the record by operating this lever. 

The compensator, transformer, series resistor, 
high-off-low switch, pilot lamp and receptacle which 
are recommended for use with the MI-1185Q-C 
recorder head are all built into the recorder. 

Four timing scales are provided, each calibrated 


for 96, 104, 112, 120, 128, 136, 144 and 152 lines 
per inch: 

One for inside-out recording at 33% rpm 

One for inside-out recording at 78 rpm 

One for outside-in recording at 33% rpm 

One for outside-in recording at 78 rpm 

A high-quality, 36 power microscope with an 
associated arm assembly is provided for mounting 
alongside the turntable. The microscope scale is 
calibrated so that each division represents 0 001 inch 
on the object viewed. This permits measurement 
of groove and wall widths of the record face, and 
by comparison of the dimensions thus obtained with 
known standards for recording work, and with 
proper interpretation, superior recordings may be 
made. 

The microscope may be moved over the entire 
record surface. A small lamp is mounted on the 
adjustable arm to illuminate the record grooves 
An off-on toggle switch for this lamp is mounted 
on the microscope arm. 

9-59a. Turntable Operation —After all connec¬ 
tions have been made to external equipment, follow 
the procedure below: 
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1. With the turntable platter stationary, press 
plunger-release button near the center of the turn¬ 
table platter allowing the record-drive pin to come 
up into position. 

2. Place a recording blank on the turntable so 
that one of the holes in the record fits over the 
record-drive pin. 

3. Be sure the stylus is satisfactory (worn styli 
should be reground or discarded). Check all styli 
for form and cutting edge upon receipt from the 
vendor. 

4. Turn on the master lamp switch. 

5. Set the heater switch to the desired position. 
The III position short-circuits the 7-ohm resistor 
in the recorder-head heater circuit for quick 
warm-up or for operation in ambient temperatures 
between 40° and 65° F. The heater-indicator lamp 
is on when this switch is on hi or low. In the off 
position (switch arm vertical), the heater circuit is 
not energized, and this lamp is off. 

6. Turn on the microscope lamp switch. 

7. Set the speed-shift control knob to the desired 
speed position. 

8. With the feed-screw drive release lever in the 
disengaged position (turned counterclockwise), set 
the lines-per-inch control knob to the desired set¬ 
ting as shown by the indicator on the illuminated 
scale. Put the release lever in the engaged position 
(turned clockwise). 

9. Rotate the calibrated scale to the proper posi¬ 


tion to agree with the setting of the speed-shift 
knob and lines-per-inch setting. 

10. Turn on the motor. 

11. With the recorder head in the standby posi¬ 
tion, press the fecd-nut lever and slide the carriage 
horizontally until it is in the desired position over 
the record. By means of the stylus-lowering lever, 
lower the stylus to the record. 

12. Set the correct depth and angle of cut by the 
two knobs atop the carriage. 

13. Keep the input signal at the proper strength 
throughout the recording. 

14. To cut a spiral for beginning, ending, or 
separating portions of a recording, press the spiral¬ 
ling switch. Do not use the spiralling motor con¬ 
tinuously for any length of time other than to cut 
the necessary spirals on the record. 

15. At the conclusion of the recording, raise the 
stylus-lowering lever which lifts the recorder head 
from the record; then raise the carriage until it 
locks automatically in the rest position. 

16. Turn off the motor, and press the lever firmly 
to stop the turntable. Remove the record. 

Caution: When the recorder is not being used, 
care should be taken to see that the motor lever and 
switches are off and the feed-screw drive lever is in 
the disengaged position (turned counterclockwise). 

9-59b. Maintenance —Two oil holes are pro¬ 
vided in each drive motor (one in each end bell) 
for the lubrication of the motor bearings. Use a 
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light high-grade, non-gumming machine oil, such as 
SAE-10. Put six or seven drops in each oil hole 
at intervals of one month. Each oil hole is covered 
with a ball and spring seal to keep out dirt and dust. 
To gain access to the oil holes, first remove the 
cabinet. Use an oiler with a Me-inch (maximum) 
spout. This lubrication may be most easily accom¬ 
plished from the front and rear of the recorder. 

To lubricate the turntable spindle and bearing, 
use petroleum jelly. 

To lubricate the carriage drive-shaft bearings use 
a non-fluid oil such as “N. Y. and N. J. Lubricant 
Co. Type K-00 Special Graphited” (RCA dwg. 
183440-11). 

Note: Do not lubricate the carriage support tube 
or the feed screw. If these parts become dusty or 
dirty, wipe them off with a clean dry rag free from 
lint. 

9-59c. RCA High-fidelity Recording Head— 

The M1-11850-C high-fidelity recording head is a 
high-quality recording head of the magnetic type. 
Although primarily designed for recording on 
composition-coated discs, it is efpjally satisfactory 
for use with soft-wax discs, such as are used in 
commercial recording. 

The MT-11850-C recording head consists of a 
cobalt-alloy permanent magnet, laminated pole 
pieces, a driving coil, and an armature and damping 
material assembled in an insulating case which is 
closed by a bottom cover plate. The armature is 
sui)ported on knife-edge bearings and held in posi¬ 
tion by a steel centering spring. Connection to the 
recording head is made through the attached cable 
and 4 pin plug assembly. 

The MI-11850 recording head is maintained at 
constant temperature while operating by a self- 
contained heater and thermostat. The power for 


heater-operation is obtained from a heater kit sup¬ 
plied as an integral part of the RCA recorder or 
as the MI-11855-A heater accessory kit. If heater 
power is not available from these sources, a 7-ohm 
resistor should be connected in series with the heater 
to a 6.3-volt a-c source for operation at normal 
ambient temperatures of 65° to 95° F. The resistor 
can be short-circuited to provide a quick warm-up 
when beginning operation. If the recording head 
must be operated at a lower ambient temperature, 
down to 45° F, the resistor must be left .short- 
circuited so that a full 6.3 volts are supplied to the 
heater. 

Each of these recording heads is adjusted to close 
frequency response limits. Individual response 
curves do not depart from a normal curve by more 
than 2 db between 30 and 10,000 cycles. However 
it should be noted that the working load on a cutter 
increases as the diameter of the recorded groove 
decreases. The average variation in response of 
the cutter when recording the largest and smallest 
recommended groove diameters at 33% rpm, is ap¬ 
proximately 1.7 dh, at 1(X)0 cycles. The variation 
may be somewhat more at 10,000 cycles, depending 
on the individual head. Figure 9-103 illustrates the 
normal cutter response characteristics when record¬ 
ing on lacquer at an average diameter of 10 inches. 
Individual recording heads are matched for sensi¬ 
tivity within 2 db at a frequency of 1000 cycles. 
With the self-contained heater unit functioning 
correctly, the frequency response is unaffected by 
ambient temperature changes between 45° and 
95° F. 

The recording head must never be connected di¬ 
rectly to the output terminals of the recording am¬ 
plifier. A compensator, which acts to maintain the 
impedance of the cutter approximately constant at 
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Fig. S^103. Typical frequency response of MI-11850-C recording head. 
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Fig, 9-104. Connections for impedance-correcting 
compensator. 


15 ohms throuffhout the audible-frequency range, is 
supplied as a part of the heater kit. The normal 
connections are shown in Figure ^104. Critical 
operators may wish to compensate for slight sensi¬ 
tivity variations caused by manufacturing tolerances 
in order to obtain identical sensitivity in each of the 
cutters in use. When this is desired connect exter¬ 
nal resistance in series with the high-sensitivity 
units, in steps of not more than one ohm. 



Fig. 9-105. MI-11850-C recording head connections. 

9-59d. Associated Equipment 

1. Cutting Styli. Either the MI-4842 sapphire 
stylus, with 70 degree angle and short shank or the 
MT-4878-D with 90® angle and short shank, is 
recommended for use with this cutting head for 
recording on acetate-lacquer blanks. If a long- 
shank stylus is used, records will be approximately 
2 db louder for the same recording level, but the 
frequency response will be poor beyond 8000 cycles 
and a severe high-freiiucncy peak may develop in 
this region. 

Steel or tungsten styli can be used, but they have 
a shorter life and are usually not satisfactory for 
high-fidelity work, since in general they produce a 
groove having a higher noise level. Sapphire styli 
are recommended for all recording except unimpor¬ 
tant tests. The initial cost is reasonable, and the 
moderate charge for sharpening makes the cost-per- 
minute of recording equal to or lower with sapphires 
than with steel cutters. Sapphires, when sharp and 
not chipped, hold the groove shape accurately, and 
produce a groove surface quieter (by 6 db or more) 
than a surface cut by a steel stylus. 

2. Chip Remm>al, Some means should be pro¬ 
vided for the removal of the chip or thread pro¬ 
duced by the cutting stylus. A vacuum system, such 
as the MI-4922, is recommended for this purpose, 
since it will remove the chip easily and quickly 
without danger of damage to the record. Precau¬ 
tions must be taken, however, to make sure that 


vibrations from the vacuum system are not trans¬ 
mitted to the cutter head or the recorder assembly, 
since this will cause serious noise in the recordings. 

Care must be taken in the correct placement of 
the suction nozzle. When recording on lacquer, the 
nozzle can be placed just in front of, and about % 
inch nearer the center of the disk than the stylus, 
although some operators prefer placing the nozzle 
directly behind the stylus. The nozzle must be 
slightly closer to the stylus when cutting wax. If 
the nozzle is too close to the surface of the record 
or the air velocity is too high, a noisy cut will result. 

The vacuum for normal operation should be about 
1% inches of mercury. Under ideal conditions it 
may be possible to reduce this somewhat. Tests 
have shown that a vacuum of 1 inch mercury is 
about the minimum that will pick up the chip ini¬ 
tially and that about % inch is neces.sary to maintain 
the pickup under the best conditions. 

When a vacuum system is not available, other 
means must be considered for removing the chip. 
When cutting from the inside out, the chip is natu¬ 
rally thrown toward the grooves that have already 
been cut, so that its removal does not present too 
great a problem. When cutting from the outside 
in, however, the chip is thrown into the path of 
the cutter and must be kept clear at all times or the 
cutting stylus will be fouled and the record ruined. 
Some operators use a soft brush, keeping the record 
clear by brushing the chip carefully toward the 
center of the disk. Great care must be taken not to 
mar the record surface, nor to alter the speed of 
the turntable, since “wows^’ will result in the record¬ 
ing. Brushing the chip is not, however, considered 
good practice when the best results are desired. 

3. Amplifiers, For ordinary work, an amplifier 
having a uniform frequency response from 30 to 
15,000 cycles and capable of an undistorted power 
output of 12 watts, used in conjunction with an 
MI-4916 orthacoustic recording filter, is a satisfac¬ 
tory source of power for driving the MI-11850-C 
recorder head. Some recommended arrangements 
for typical record channels are illustrated in Fig¬ 
ure 9-106. If the input source is a program chan¬ 
nel, the set-ups shown in A and B of Figure 9-106 
will give good results. If it is desired to match 
the program channel into the recording set-up, an 
arrangement similar to A of Figure 9-106 can be 
used, except that an isolation transformer of correct 
impedance must be substituted for the bridging 
transformer, and the 600-ohm pad must have about 
25-db loss instead of 15-db loss. Make sure that 
the resistors marked X and Y are included at the 
positions shown, since these prevent resonance be¬ 
tween the recording filter and the windings of the 
transformers. The set-up shown at C of Figure 
9-106 can be used when recordings are to be made 
directly from the studio microphones. It is impor¬ 
tant that the input level into the MI-4916 recording 
filter be kept down to about — 30 dbm, to prevent 
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overload of the first sta8:e of the recording ampli¬ 
fier. 'I'his may require the insertion of a 600-ohm 
pad similar to the one shown in A of Figure 9-106, 
immediately after the preamplifier. When the pad 
is used make sure that resistor X is disconnected 
from the output of the preamplifier and connected 
after the pad as shown in A. 

When masters for processing are to be recorded, 
it will be advisable to use an amplifier having a 
greater power output in order to accommodate 
higher peaks without distortion. A rated power 
output of at least 50 watts is recommended. When 
the amplifier is not equipped with built-in compen¬ 
sation the MI-4916 orthacoustic recording filter 
can be connected ahead of the amplifier as described 
in the preceding paragraph. A limiting amplifier 
can be used to drive the recording amplifier when 
limiting of the peak voltages is desirable. 


4. Monitoring. In view of the extended fre¬ 
quency range of this recording head, the program 
quality during recording should be judged by means 
of an equally wide-range monitor system. For best 
results it is recommended that an independent moni¬ 
tor system be used. 

This is good practice, since it avoids the distortion 
caused when the monitor loud-speaker and the re¬ 
cording head are driven by the same amplifier. 
(The recording amplifier is usually compensated at 
the high-frequency end, either internally or by 
means of a preceding filter, and for this reason 
makes a poor source of power for the monitor 
speaker.) 

Unless the monitor system adequately covers the 
entire audio range, it is impossible to determine if 
the program being recorded is free from distortion. 
Some programs received over long lines contain 
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considerable distortion compared with those from 
local studios. The distortion might easily remain 
unnoticed on a monitor system of limited range, but 
would probably show up in high-fidelity recordings 
of the same program, when played through a wide- 
range playback channel. 

9-59c. Operation 

1. Duplication Methods. Much .of the popu¬ 
larity of the so-called instantaneous recording has 
come as a result of successful duplication of lecords. 
When only a few copies are required, these can ordi¬ 
narily be made by re-recording, with little impair¬ 
ment of quality. 

If a larger number of copies are desired, the 
original master can be processed by silvering or gold 
sputtering, and a stamper produced. Pressings can 
then be obtained in a variety of materials, depending 
upon the particular requirements involved. 

2. Recording Blanks. In order that the best re¬ 
sults may be obtained, it is essential that recording 
blanks of the best quality be used. Warped blanks 
or blanks having excessive swirls or defects in the 
lacquer surface should be rejected or set aside for 
tests or unimportant recordings. 

When pressings are to be made, special blanks of 
increased diameter and thickness are required. The 
maximum diameter of the recorded grooves must 
not exceed that of standard pressed discs, the extra 
outer portion of the master discs being left blank to 
permit holding during the processing. 




Fig. 9—107. Theoretical stylus fit in grooves of various 
width. (Courtesy RCA.) 


Since acetate-lacquer-coated blanks often contain 
a volatile softener which gradually evaporates, pur¬ 
chases should be limited to quantities suited to im¬ 
mediate needs. The blanks should be stored in 
metal containers sealed with tape. This will retard 
the evaporation of the softening agents and thus 
preserve the freshness of the cutting surface. 
Careful attention to the condition of the blanks will 
insure maximum groove quietness in the completed 
recordings. 


The discs must be protected from dust and finger¬ 
marks before and after recording. The blanks, 
when received, may have a small amount of dust on 
the surface. Before starting to make a recording, 
wipe the disc surface with a wad of soft cotton, 
slightly moistened with water. Do not wipe the 
blank with dry cotton. (This will build up an elec¬ 
trostatic charge on the surface.) See that no 
water spots remain on the record surface. It is a 
good practice for the operator to wear thin fabric 
gloves when handling records. Dust and finger¬ 
marks cause a rapid rise in surface noise. Records 
should be kept in their envelopes when not in use. 

The following table is included as a guide to the 
approximate maximum playing time for the various 
sizes of records: 


Record Playing Time 


Grooves 
Per Inrh 

Turntable 

Speed 

RPM 

Approximate Plaving Time (minutes) 

16-inch 
Record 

12-inch 

Rccotd 

10-inch 
Rpcoi d 

96 

78 

6* 

4 

21 

112 

78 

n 


31 

120 

78 

8 

5 

H 

136 

78 

9 

5* 

A 

154 

78 

10 

6 

4 

96 

33J 

14 

8 

41 

112 

331 

16 

9* 

6 

120 

33i 

17 

9i 

6 

136 

33* 

18 

10 

6 

154 

33 J 

20 

11 

6* 


Note’ 17Vi-inch blank.s to be used for recording “mas¬ 
ters” should be recorded as a 16-inch blank. 


3. Groo7'e Spacing. The correct groove width is 
determined largely by the radius of the tip of the 
playback stylus and by the signal level at which the 
recording is made. The groove should be wide 
enough so that the playback stylus tip contacts the 
side walls of the groove approximately 0.5 mil below 
the surface of the record. Then ordinary light sur¬ 
face scratches will not be reproduced and will not 
add to the overall record noise. Most lateral tran¬ 
scription pick-ups use styli which have tip radii 
between 2.3 and 2.5 mils. In order to obtain the 
proper fit, a groove width of 4.5 mils or greater is 
recommended for cutting styli having either a 70° 
or 90° included angle. Figure 9-107 illustrates the 
theoretical fit for various sizes of playback styli 
and groove widths. The tip radius of the cutting 
stylus should be 0.4 or 0.5 mils less than that of 
the playback stylus so that the bottom of the record 
groove is cleared and does not form the major 
support for the reproducing tip. 

To determine the pitch (number of grooves per 
inch) at which the record is to be cut, add to the 
groove width twice the maximum amplitude of ex¬ 
pected stylus excursion (due to signal) plus an 
allowance for safety factor. Assume a normal 
stylus excursion of 0.626 mils and a maximum of 
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10 (lb above this or 1.98 mils. Twice this is 3.% 
mils plus a safety factor of 1.0 mil added to a f 2 rroove 
width of 4.5 mils equals 9.46 mils, or about 109 
grooves per inch. Low-frequency peak amplitudes 
of 10 db above normal are infre(iuent and it is 
questionable if two maximum stylus excursions 
will occur in adjacent grooves at such time and 
phase as to cut into each other. Tlierefore, some 
liberty can be taken and a slightly smaller pitch, 
about 7.35 mils, or 136 grooves per inch, is usually 
considered satisfactory when using a 70° cutting 
stylus. 

Note: The groove width should never be less than 
4.5 mils when a playback stylus with a 2.3 to 2.5 mil 
tip radius is used. 

The tabulation below shows the practical limits 
of groove and wall widths. All dimensions are in 
inches. 


5. Measurement of Peaks, It should be under¬ 
stood that the standard VU meter indicates the aver¬ 
age program level of the recording channel and 
does not show the actual height of the peaks which 
occur. 'J'hese peaks may run approximately 10 db 
higher than the reading of the VU meter. 

In order to guard against amplifier overload or 
overcutting of the recorded grooves, some form of 
peak-reading device such as a cathode-ray oscillo¬ 
graph should be used as a frequent check on record¬ 
ing levels. Reference lines can be marked on the 
face of the cathode-ray tube to indicate maximum 
allowable levels. 

6. Recording I.evels, It is assumed that the user 
is somewhat fanidiar with the operating funda¬ 
mentals of instantaneous recording. If not, some 
experience and skill w ill need to be aciiuired before 
the finest results can be obtained. It is impractical 


Groovf Dimcnsions 









(>tO()\(’ 

■ 1 >(‘i»tli 


Gi oov PS 

IVl llKll 

r<imbined 
Width 
(if Groove 
and Wall 

(.roo\ e 

Width 

VVa’l W idth 

70" St\ his 

St^ his 



riorn 

lo 

I‘ roni 

lo 

hioin 

lo 

h loni 

To 

96 

0.0104 

0.0052 

0.0042 

0.0052 

0.0062 

0.0022 

0.0015 

0.0018 

0 0013 

112 

.0089 

.0044 

.0036 

.0044 

.0053 

.0017 

.0011 

.0014 

.0010 

120 

.0083 

.0041 

.0034 

.0041 

.0049 

.0014 

0.0009 

0.0012 

0.0009 

136 

.0073 

.00^6 

.0029 

.0036 

.(K)44 

.0011 


.0010 


1.S4 

0.0065 

0.0032 

0.0026 

0.00^2 

0.0039 

0.0008 


0.0008 



4. Level Indication, In the recording set-ups il¬ 
lustrated in b'lgure 9-106 a standard YU meter is 
shown connected across the output terminals of the 
lecording amplifier. This is usually the most con¬ 
venient method of indicating the recording level. 
Under these conditions (with the meter operating 
across a 15-ohm line instead of across a 600-ohm 
line) the meter reading is not the true power level 
of the line. The following table is included for 
reference: 

Standard VU Mrii r Conni cifd Across 
A 15 OiiM Lint 


Metei Readinn 

A( tii.il 1 me Le\( 1 

1 Power m Walts 

1 

-f 4 

-h20 

0.1 

6 

22 

0.159 

8 

24 

0.251 

10 

26 

0.398 

12 

28 

0.631 

14 

30 

1.000 

16 

32 

1.585 

18 

34 

2.55 

20 

36 

4.00 

22 

38 

6.32 

24 

40 

10.00 

26 

42 

15.85 

28 

44 

25.55 

30 

46 

40.00 

3? 

48 

63.20 

34 

50 

100.00 


to make an exact statement of the correct opeiating 
levxd for any recording set-up Although the sensi¬ 
tivity of the Ml-1185()-C recording liead does not 
vary more than 2 db, the correct level can be estab¬ 
lished only by experience and test. There are no 
fixed boundaries in disc recording representing 100- 
jierccnt modulation. At low freijuencies the groove 
spacing limits the possible amplitude of the cutter. 
At high frequencies the radius of turning of the 
groove is the limiting factor. 

It is not difficult to find the correct operating 
levels for a complete installation if test cuts of 
speech and music arc made at the standard record 
speeds, using the smallest contemplated groove di¬ 
ameters. These test cuts should be made at gradu¬ 
ally increasing levels, and the results should be noted 
when the records are reproduced. When the repro¬ 
duction ceases to be acceptable from a quality stand¬ 
point, the maximum level has been exceeded. The 
presence of a very small amount of distortion is 
.sometimes less objectionable than excessive surface 
noise, wdiich is one reason, from a practical commer¬ 
cial standpoint, for not being guided too strictly by 
measured distortion. 

It is well to keep in mind what type of equipment 
wdll be used to reproduce the recorded material. 
Only the most advanced type of pick-up, eejuipped 
with a diamond or .sapphire stylus, should be used if 
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the best quality of reproduction with low noise 
level is desired. 

As a guide to determining the proper recording 
level, but without attempting to establish any fixed 
limits, it is suggested that the gain of the recording 
channel be set so that the VU meter, shown in Fig¬ 
ure 9-106, indicates -f 13 vu. A test recording of 
music can then be made. The result when repro¬ 
duced will assist in determining the correct level for 
the particular type of program material it is desired 
to record. 

Transcription records for 33^ rpm cannot be cut 
at as high a level as records for 78 rpm, because 
of the reduced surface velocity of the record mate¬ 
rial. It is usually necessary to hold the recording 
level down at least 6 db on the 33^ rpm discs. A 
higher level is usually u.sed for 33% rpm lacquer 
master discs for processing than for recordings 
where the original is to be played back repeatedly. 
A high-level, soft-lacquer original will not withstand 
repeated playbacks. However, the surface noise <)f 
the direct-cut disc is low so that there is no need 
for the maximum level. 

It is obvious that in a busy transcription depart¬ 
ment a variety of recording levels cannot be main¬ 
tained, so that a comprotnise level is the usual result, 
'rhis means that the maximum quality cannot be 
reached with all types of recording, since most 
commercial transcriptions are cut at a high level. 

7. Duplicating Transcriptions, When attempting 
to duplicate on lacquer discs the volume level found 
on commercial pressed transcriptions, the same pre¬ 
cautions must be taken against over-cutting as were 
used when making the transcription. These include 
the careful control of cutting levels and the making 
of a simultaneous duplicate recording at a lower 
level to be used in the event that the louder record¬ 
ing is over-cut. The practice of recording impor¬ 
tant programs on a single machine indicates unjusti¬ 
fiable optimism. The loss of a single program could 
cost as much as an additional machine. One man 
can easily operate duplicate recorders. 

8. High Frequency Losses. All disc recordings 
suffer from loss of high-fre(iuency response during 
playback, in the area nearer the center of the disc. 
As the diameter of the recorded grooves becomes 
smaller, the condition becomes progressively worse 
because of the reduction in the linear speed of the 
recorded groove. With the slower groove speed, 
the actual linear distance available for a complete 
cycle of, for example, a 10.000-cycle tone, becomes 
very short. The cutting stylus has a front face 
which is a flat plane, and can record the high fre¬ 
quencies at the slower groove speed without diffi¬ 
culty. The limiting factor becomes apparent when 
an attempt is made to reproduce this recording. 
The reproducing stylus must of necessity have a tip 
of spherical shape. It is obvious that this tip can¬ 
not follow a recorded groove whose radius of turn¬ 
ing is less than the radius of the stylus tip. 


It is desirable to confine high-fidelity recording to 
large diameters, dividing the time on two or more 
discs, if necessary, for maximum quality. Records 
having extended frequency range cannot be made 
at a diameter of less than 9 inches for 33% rpm 
without extreme loss of high-frequency response. 

9. High-Fidelity Records. In making high- 
fidelity records, including discs for immediate play¬ 
back, use can be made of what is known as comple¬ 
mentary compensation. Because of the energy dis¬ 
tribution in most speech and music, it is possible to 
accentuate the higher frequencies when making a 
record and then to attenuate these frequencies by a 
like amount in reproduction, thereby reducing the 
surface noise resulting from minute foreign parti¬ 
cles in the record stock. 

For high-quality recordings, the frequency rise 
should begin at about 700 cycles and should increase 
smoothly to a maximum of 16 db at 10,000 cycles. 
The RCA orthacoustic recording filter MI-4916 has 
been designed for this purpose. In reproduction, 
the inverse of this rise should be used. This attenu¬ 
ation is obtained at position number 1 of the filter 
switch on type 70-r2 turntables. Pre- and post- 
equalization, as this method of compensation is often 
called, results in a substantial reduction of surface 
noise. 

Another form of high-frequency compensation 
involves the use of an automatically variable equal¬ 
izer such as the MI-11100 or the All-11101, devel¬ 
oped for 33% rpm recording. With this device the 
high-frequency compensation is progressively in¬ 
creased as the recording groove diameter becomes 
smaller. The equalizer mounts on the rear of the 
recorder mechanism, and is synchronized with the 
cutter head so that the amplifier gain is increased at 
the high frequencies to an amount which is consid¬ 
ered a practical maximum. 

10. Flutter, The term flutter is used to describe 
a vertical wave or oscillation which is sometimes 
cut in the recorded groove. This condition can 
often be seen as a series of radial “spokes” or pat¬ 
terns in the record surface. These patterns are 
usually visible before the record is reproduced, al¬ 
though sometimes they may be seen more plainly 
after playing. When viewed through a microscope 
this condition appears as an alternating change in 
width of the cut groove. See Figure 9-108. 

Flutter may be caused by a building vibration, 
low-frequency turntable rumble, incorrect stylus 
angle or a blank having an unusually wavy surface. 

11. Hard Spots, Hard spots in a blank will re¬ 
sult in a condition similar to that caused by flutter. 
As the stylus pas.ses over harder and softer portions 
of the surface, the cutter head is raised or lowered 
slightly, causing a variation in the depth of groove. 
This variation should not be mistaken for flutter or 
oscillation, since it is the normal action of a well- 
designed and free-acting recording head. A dis¬ 
tinctive characteristic of hard spots is their preva- 
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Kio. 9-108. Kccorded groo\c characlcristics. 
(Courtesy RCA.) 


Ifiicc near the outside of the blank. Therefore, 
variations in jjroove depth due to hard spots will be 
more prevalent in this region. 

12. Adjustments. It is very important that the 
feed-screw mechanism be adjusted so that the car¬ 
riage supporting the recording head travels in a 
})lane exactly parallel to the surface of the turntable, 
in order that the depth of cut will be uniform over 
the entire record surface. 

The front face of the stylus, when in cutting posi¬ 
tion, should be adjusted to within plus or minus 3° 
of perpendicular. Some experiments may be neces¬ 
sary to find the most satisfactory angle for any 
given surface material. Refer to Figure 9-109. 

It is advisable not to stop the turntable with the 
recording head in the cutting position, since the 
stylus may cut through the acetate coating to the 
metal core of the blank. This will chip the cutting 
edge of the stylus when the turntable is moved or 
the head raised. 

13. Stylus Noise Tests. It is good practice to 
make surface-noise tests from time to time with all 


of the cutting styli available. This will assist the 
operator in selecting only those cutters which pro¬ 
duce clean, quiet grooves. 

Present standards require the noise level on lac¬ 
quer records to be down 50 db from normal record¬ 
ing level. When checking noise, it is necessary to 
refer the noise level to some standard level. It is 
suggested that the lOOO-cycle tone band of a stand¬ 
ard tone record be selected as a reference level. 

LIMIT OF RECOMMENDED 



To determine the noise level, connect a high- 
fidelity pick-up through a calibrated attenuator to 
the input circuit of a high-gain amplifier. Insert a 
high-pass filter in the circuit to eliminate all fre¬ 
quencies below approximately 200 cycles. The elec¬ 
trical location of the high-pass filter is important. 
If two amplifiers are used, connected in cascade, 
the ideal electrical location for the filter is between 
the amplifiers. Should it be necessary to use a 
single-unit amplifier, the filler may be connected be¬ 
tween the pick-up and the amplifier input. Be sure 
to provide adequate shielding for the filter when 
using it in this position, however, since the hum 
pick-up may be severe. Connect the amplifier out¬ 
put to a loudspeaker and a volume-level-indicating 
meter. Play the 1000-cycle tone band and then the 
noi.se sample. Adjust the output of the amplifier 
with the calibrated attenuator until a similar indica¬ 
tion is obtained on the volume-levcl-indicating 
meter. The attenuator reading indicates directly 
the noise level in db below reference level. 

A convenient method of determining the presence 
of noi.se or scratch consi.sts of connecting the cutter 
head as a reproducer. Insert the stylus to be 
checked in the cutter head and connect the leads 
from the head directly to the input terminals of a 
high-gain amplifier which has a loud-speaker con¬ 
nected to its output terminals. Cut grooves in the 
record material, preferably near the outsider diame¬ 
ter. Raise the gain of the amplifier sufficiently to 
hear the sound made by the cutter. A steady hiss 










350 


RADIO MANUAL 


indicates a good grade of lacquer and a sharp, 
properly adjusted stylus. Scratching, squealing, or 
tearing sounds indicate a dull or improperly adjusted 
stylus. Clicking or hanging may indicate foreign 
particles in the lacquer. 

If a 30 X to 50 X power microscope is available, 
the recorded grooves may be inspected and the qual¬ 
ity of the recording determined very accurately. 
Adjust the microscope so that it is tilted about 15° 
from the vertical, and arrange a small illuminating 
source so that the incident light will be reflected 
from the record into the lens of the microscope. 
A cjuiet groove will appear as two sharply defined 
heavy black lines with a brilliant, narrow white line 
between them. Refer to Figure 9-108, which shows 
normal grooves and various defective groove condi¬ 
tions that may be observed. 

9-59f. Advance-Ball Mechanism —The MI- 
11851 advance ball attachment has been esjiccially 
designed for use with the M1-11850-C high-fidelity 
recording head and is available in kit form. 

'J'he advance ball is a sapphire cylinder, with a 
highly polished spherical tip, mounted in a duralu¬ 
min shank. 

The purpose of the device is to control the depth 
of the recording groove accurately. The ball rides 
on the uncut ])ortion of the record surface, sup¬ 
porting the cutter head at a constant height above 
the record, so that the depth and the width of the 
groove will remain constant. A knurled adjusting 
knob on top of the cutter head adjusts the vertical 
position of the ball to regulate the depth of the cut. 
Provision is made for moving the advance ball to 
a position on cither side of the cutting stylus to 
accommodate either outside-in or inside-out record¬ 
ing as may be desired. 

Most operators consider the advance-ball attach¬ 
ment essential when recording on wax. Many also 
prefer to use this device when recording on lacquer. 

9-60. Broadcast Studio Sound Reinforcement 
—In large broadcasting studios and radio theaters, 
where a studio audience is present during the pres¬ 
entation of radio programs, it is usually essential 
to provide sound reinforcement (PA) facilities to 
enable the studio audience to hear all portions of 
the program in proper perspective. If these facili¬ 
ties are not provided, the undesirable situation often 
arises where the studio audience is unable to hear 
parts of the program. In some types of programs, 
such as an audience participation .show, this may 
result in an otherwise outstanding performance 
falling “flat.^* 

In addition to reinforcing sounds originating on 
the stage of the broadcast studio, the sound re¬ 
inforcement system also serves other purpo.ses. For 
example, by means of the sound reinforcing equip¬ 
ment, the studio audience is enabled to hear those 
portions of a program which may originate from a 
remote point. Another use of the sound reinforce¬ 
ment equipment is in achieving special effects, such 


as the illusion of added room reverberation, or the 
creation of echo effects. Each of these functions 
of the equipment must be kept in mind in designing 
a studio sound reinforcement system. 

9-60a. Design Considerations —A simple (but 
ineffective) method of obtaining the program feed 
for sound reinforcement is to bridge the sound 
leinforcemcnt amplifier, or amplifiers, across the 
outgoing studio program line. When this is done, 
the program material reproduced on the sound sys¬ 
tem is exactly the same as that leaving on the out¬ 
going line. Such an arrangement, while workable, 
leaves much to be desired as all portions of the pro¬ 
gram are, in this case, reinforced equally. More 
effective sound reinforcement is obtained, on the 
other hand, when only those portions of the program 
which could not otherwise be easily heard arc repro¬ 
duced on the studio loud-speakers. As an example, 
an orchestra, which can be heard without difficulty 
in all parts of the studio need not be reinforced 
and to do so would result in a jumbled, confusing 
performance reaching the studio listeners. How¬ 
ever, the voice of a featured singer performing 
with the orchestra should be reinforced to be easily 
heard in all parts of the studio. 

From the above discussion it can be seen that 
satisfactory sound reinforcement recjuires a different 
mixing technique than that employed in mixing 
program material for the usual broadcast purpose. 
This is often accomplished by employing a separate 
mixing console and operator for the specific purpose 
of preparing the program material for sound re¬ 
inforcement and properly controlling the over-all 
loud-speaker levels during the performance. 

9-60b. Methods Employed —It is obvious that 
it is not practical or desirable to employ separate 
microphones in the studio for sound reinforcement 
purposes. It is therefore necessary to design the 
audio system in such a manner that the output volt¬ 
age from each of the studio microphones is avail¬ 
able at both the regular mixer and sound reinforce¬ 
ment mixer. A method of accomplishing this, 
which has been in use by CBS for some time, makes 
use of a bridging transformer connected across the 
output of each of the microphone preliminary ampli¬ 
fiers (i.e., ahead of the regular mixer controls). 
Figure 9-110. I1ie outputs of these transformers 
provide the program feeds to the sound reinforce¬ 
ment mixer. 

In addition to supplying program feeds to the 
sound reinforcement mixer from each microphone 
channel, similar feeds should be provided from all 
other sources of program material. For example, 
if program material is obtained from transcription 
turntables or from incoming program loops, feeds 
to the sound reinforcement miicer should be ar¬ 
ranged from these sources of program material. It 
is by means of the program feeds from incoming 
program loops that reproduction of program mate¬ 
rial from remote points is made possible. 


BROADCAST STUDIO AND CONTROL ROOM EQUIPMENT 


351 



PRE- 


AMP 1 



VOL 

CONTROL j 


TRANS 


HIGH Z 


TO REGULAR 
■ ^ MIXER NETWORK 


n 

600/150 


TO SOUND REINFORCEMENT 
EQUIPMENT 


Fig. 9-110. Program feeds from the studio console to an external sound reinforcement mixer may be obtained by means 
of a bridging transformer or bridging pad connected across the output of the microphone preliminary amplifier as shown 
above. If bridging pads are used several precautions must be observed as discussed in the text. (Courtesy CBS.) 


Bridging pads may be used instead of bridging 
transformers, and they will accomplish comparable 
results at lower cost; however, because of the 
greater attenuation in the bridging pad, care must 
be taken that the signal level through the sound 
mixing system does not fall below the original mi¬ 
crophone level if the greatest possible signal-to- 
noise ratio is desired. Another precaution to be 
observed when bridging pads are employed is the 
circuit grounding arrangement. If circuit grounds 
are made at more than one point in the system, 
difficulty with ground currents and resultant hum 
and cross-talk may be encountered. 

It would not be economically justifiable to in¬ 
clude a sound reinforcement mixer position for each 
of the program feeds, inasmuch as upwards of ten 
such feeds may be involved. An inexpensive and 
entirely satisfactory method of simplifying these 
mixing facilities is through the use of a smaller 
mixer panel, four |)()sitions usually being adequate 

SOUND NEINFORCEMENT FEEDS 

FROM STUDIO CONTROL CONSOLE 


for average installations; each individual mixer 
control receiving program material from a suitable 
selector such as a rotary switch or mechanically 
interlocked push button with the recjuircd number 
of positions as in Figure 9-111. In this way any of 
the program feeds may be connected to any desired 
mixer position. 

The most suitable location for the .sound re¬ 
inforcement mixing console must also be given care¬ 
ful consideration. One possible location is in the 
control room immediately adjacent to the regular 
mixing console. This arrangement has been used 
in the past and has the advantage that all eciuipment 
is centralized in the control room and long low-level 
audio cable runs arc not reciuired. Such an ar¬ 
rangement has one very serious disadvantage; tluit 
is, the operator must depend on the studio loud¬ 
speaker level adjustments made before the program 
commences and has no way of knowing (with the 
possible exception of hand signals from an assistant 



Fig. 9-111. A simplified block diagram of the circuit arrangement of the sound reinforcement mixing console. Four 
mixer positions, which may be bridged across any one of the eight program feeds, are jirovided. The fact that the bridg¬ 
ing transformers are incorporated in the sound reinforcement channels instead of the incoming program feeds results in a 
paving of transformers. (Courtesy CBS.) 
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Fig. 9~112. A photograph of a sound reinforcement control console installed in the audience area of a CBS radio the¬ 
ater. Such a vantage point is highly desirable for this activity as the operator has first-hand knowledge of the degree of 
reinforcement required and the effectiveness of all operating adjustments. (Courtesy CBS.) 


in the audience) if the studio levels are satisfactory 
after the projjram g:ets under way. In view of this, 
it is generally dcsiiable, despite the additional cable 
runs involved, that the sound reinforcement mixing 
console be installed in the audience section of the 
studio, where the operator will have first-hand 
knowledge of the degree of reinforcement required 
and the immediate result of all operating adjust¬ 
ments, Figure 9-112. When this is done, suitable 
communication (telephone or signal lights) should 
be provided between the sound reinforcement mixer 
and the control room to permit the control room to 
notify the sound reinforcement operator if the loud¬ 
speaker levels are interfering with the air program. 

There is another method of controlling sound re¬ 
inforcement which, although exhibiting one of the 
shortcomings already noted, has the advantage of 
extreme simplicity. In this method an additional 
operator is not reijuired as the few controls involved 
may be mounted on the regular mixer panel and 
handled by the control room operator. 

In this method, sound reinforcement feeds are 
obtained from each channel by means of a suitable 
bridging device. In this case, however, the bridg¬ 
ing device is connected across the output of the 
regular mixer controls. The sound reinforcement 
feed thereby obtained then passes through a suitable 
*‘on-ofT” switch after which all feeds are combined 
by means of a mixer matching network. The out¬ 
put of the network connects to the sound reinforce¬ 
ment amplifier in the usual manner. 


Operation of such a system is extremely simple. 
The operator simply selects the channels to be re¬ 
inforced by means of the individual channel “on- 
off*' switches. The level of each channel is, of 
course, a function of the adjustments being made 
on the regular mixer control inasmuch as the sound 
reinforcement feed is obtained at the output of this 
control. The only other control involved is a sound 
reinforcement master volume control which may be 
set prior to going on the air. 

The disadvantage of this method lies in the fact 
that the operator, being in the control room, has no 
way of knowing the effectiveness of the sound re¬ 
inforcement coverage after the program gets under 
way. Furthermore, the balance between the pro¬ 
gram elements being fed to the sound reinforcement 
system is determined entirely by the requirements 
of the air show. This will not necessarily be the 
optimum balance for the sound reinforcement 
service. 

9-60c. Loud-speaker Placement— The loud¬ 
speaker placement practices followed in motion pic¬ 
ture theater sound systems and theater public ad¬ 
dress work cannot be employed in broadcast studio 
sound reinforcement because the microphones are 
often set up in the audience section of the studio. 
In some radio theater pick-ups, the main orchestra 
microphone is suspended as far back as the forward 
edge of the first balcony. For this reason, no 
general rules can be set down concerning the num¬ 
ber of loud-speakers to be employed or their place- 
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ment, as each particular installation presents spe¬ 
cific problems. 

In general, there are two different approaches to 
the problem of loud-speaker placement. The first 
makes use of a small number of loud-speaker units, 
usually two (but sometimes four) placed at each 
side of, and slightly forward of, the stage. This 
arrangement, because of its simplicity and effective¬ 
ness, is in wide use at the present time. The second 
approach to the loud-speaker placement problem 
makes use of a multiplicity of loud-speaker units 
which are uniformly distributed throughout the 
audience area. Each loud-speaker unit is operated 
at a relatively low level with the result that the 
auditorium is literally flooded with sound although 
the level is not objectionably high at any one point. 
This arrangement can be used to advantage in the¬ 
aters where a mezzanine and several balcotiies make 
coverage with a small number of speaker units 
impractical. 

9-60d. Acoustic Feedback—One of the more 
serious difficulties experienced in the operation of 
sound reinforcement systems is the tendency of the 
system to “sing” as a result of acoustic coupling 
between loud-speakers and microphones. This 
tendency to sing can be reduced by operating the 
loud-speakers at a reasonably low level, as it is not 
necessary to provide the studio audience with more 
than comfortable listening level. In addition to 
conservative operating levels, there are several de¬ 
sign considerations by means of which it is possible 
to reduce the tendency of a sound reinforcement 
sy.stem to sing. These design considerations include: 

1. Loud-speaker units with sharp peaks in their 
response-frequency characteristics should be avoided 
as the high peak output at these points is often 
sufficient to set the system into oscillation even if 
it is operating at a conservative level. Loud¬ 
speaker units with smooth response-frequency char¬ 
acteristics, usually associated with the more costly 
units, reduce the tendency of a sound system to sing. 

2. Inasmuch as the greatest energy content of 
average voice and speech exists in the lower audio 
frequencies (below 400 cycles), the attenuation of 
these frequencies docs much to reduce the tendency 
of the system to sing; furthermore, these frequen¬ 
cies may be attenuated without seriously reducing 
the intelligibility of reproduction. One method of 
reducing the low-frequency output consists of in¬ 
serting a high-pass filter section in the system. A 
simple prototype filter section with a cutoff fre¬ 
quency in the range 250 to 400 cycles and an attenu¬ 
ation in the order of 12 db per octave or less is 
usually effective. This filter should be removed 
from the system when reproducing program mate¬ 
rial from a remote point as wide-band reproduction 
is then desirable. 


The above discussion suggests a simple, but very 
effective, method of meeting the requirements of 
both (1) and (2) in a direct manner. This is by 
the use of dual loud-speaker units of the theater 
type which employ a multicellular high-frequency 
reproducer and a born or direct radiator type low- 
frequency reproducer with a cross-over frequency 
in the order of 400 cycles. When employing the 
system for sound reinforcement purposes, the high- 
frequency unit only is used. 'Phis type of repro¬ 
ducer usually has reasonably smooth response- 
frequency characteristics above the cross-over fre¬ 
quency, thereby meeting the requirements of (1), 
and has the required attenuation below the cross¬ 
over frequency, thus meeting the reriuirements of 
(2). When the system is employed for sound re¬ 
production of nrogram material from a remote point 
and full fre(]uency range reproduction is desired, it 
is simply necessary to use the complete dual repro¬ 
ducer system. 

Tile use of the high-frequency reproducers alone 
reduces the susceptibility of the system to feedback 
in another manner. This results from the property 
of loud-speakers to radiate the higher freciuencies 
with directional properties, usually in the form of 
a beam, the width of the beam being a function of 
the loud-speaker design and the fre(|uency involved. 
These directional properties permit the loud-speakers 
to be located in such a manner that the microphones 
are protected from receiving appreciable direct 
pick-up from the loud-speaker units. 

I'he problem of feedback may appear to be com¬ 
plicated by the presence of “audience reaction” 
microphones in the audience section of the stmlio. 
However, difficulty with feedback will not be en¬ 
countered from this source, provided that no attempt 
is made to reinforce the output of these micro¬ 
phones. Another difficulty, commonly known as 
“slap-back,” may be encountered when the audience 
reaction microphones are open. This is due to 
sound from the loud-speakers being picked up by 
the audience reaction microphones and appearing as 
an echo on the air channel. The only means of 
reducing “slap-back” is to ])rotect the audience re¬ 
action microphones from the full field of the loud¬ 
speakers by careful placement of both microphones 
and loud-speakers. 
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CHAPTER 10 

STANDARD BROADCAST TRANSMITTERS 


Standard hroadcastins: stations in the United 
States operate in a freciuency band extending from 
550 to 1600 kc. Frequency assignments are made 
throughout tliis hand at intervals of 10 kc, resulting 
in a total of 106 available channels. 'J'here are 
three classes of broadc«ist channels: clear channels, 
lor the use of high-powered stations, regional chan¬ 
nels, for the use of medium-])owered stations, and 
local channels, for the use of low-powered stations. 
Frequency assignments are made in a manner de¬ 
signed to result in a minimum of interference be¬ 
tween stations occupying the same or adjacent chan¬ 
nels. 'Phis is acconq)lished by making assignments 
of the same or adjacent channels in widely sepa¬ 
rated areas of the country, :ind in many cases re¬ 
quiring the use of directional antennas to reduce the 
power radiated by a station in the direction of an¬ 
other station with which interference would result. 
Many stations are licensed for daytime ojieration 
only to avoid nighttime interference with other 
stations because of sky-wave radiation. 

10-1. Location of Broadcast Transmitters— 
Radio broadcast studios are usually centrally located 
in the city they serve, in order that they may be 
conveniently reached by artists and performers, as 
well as by studio audiences. The location of the 
broadcast transmitter, on the other hand, is influ¬ 
enced by jnany technical as well as economic con¬ 
siderations, some of which are listed below. 

1. I'hc transmitter must provide a satisfactory 
signal strength to the city being served and, in addi¬ 
tion, provide the maximum possible coverage to 
other near-by populated areas. The present-day 
practice of employing indoor receiving antennas, 
built-in loop receiving antennas, or no receiving 
antenna at all requires that a relatively strong signal 
strength must be provided if reception is to be free 
from interference from local electrical disturbances. 
In the industrial and business areas of large cities, 
a field intensity ranging from 25 to 100 millivolts 
per meter is desirable; in residential areas, 2 to 5 
millivolts per meter is u.sually sufficient, although a 
considerably stronger signal may be required in 
some particularly noisy areas; in rural areas, a field 
intensity of 0.5 millivolts per meter is generally 
adequate. 

2. The population in the immediate vicinity of a 
large transmitter should be small. The very high 
field intensity may result in a signal so strong that 
it will interfere with reception from other stations. 
This usually precludes locating any but low-powered 
transmitters near the center of a city. 


3. The soil conductivity at the transmitter loca¬ 
tion must be good. The signal strength from a 
transmitter in a location of poor soil conductivity 
may be only a small fraction of the signal strength 
obtainable from the same transmitter and radiating 
system in a location of good soil conductivity. The 
transmitter illustrated in Figure 10-1 is located on 
an island surrounded by salt water and is particu¬ 
larly effective. 




Fig. 10-1. A modern broadca.st transmitter—WCBS, 
New York—located on an island in Long Island Stamd. 
(Courtesy CBS.) 

4. The transmitter must be in a location accessible 
to both power and telephone lines. Water supply 
should also be available. Roads leading to the 
transmitter should be passable at all times of the 
year. 

Other considerations—-cost of land, proximity of 
radio communication installations, proximity of air¬ 
ports and airways, and proximity of large metallic 
obstructions, such as gas tanks and large building.s— 
also influence the location of a broadcast trans¬ 
mitter. In addition, if a directional antenna is em- 
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ployed, it will usually dictate the direction from the 
city that the transmitter must be located. 

The final site of a broadcast station is selected 
only after many measurements and calculations have 
been made to determine the performance to be ex¬ 
pected from that location. Low-powered test trans¬ 
mitters arc often set up at proposed sites and field 
strength measurements, corrected for differences in 
power and antenna efficiency, made to determine the 
performance to be expected of that ^ite. At other 
times, when another station is already operating 
from a location near a proposed site, field strength 
measurements can be made of this station and then 
corrected for differences in frequency, power, and 
antenna elficicncy. 

The final location of most broadcast transmitters, 
with the exception of lower-powered stations, will 
usually be in thinly populated outlying areas of the 
city being served. Low-powered stations are usu¬ 
ally located as closely as possible to the center of 
the city to produce a satisfactory signal to the areas 
containing the largest population. 

10-2. The Transmitter Plant —A broadcast 
transmitting plant, in addition to a suitable trans¬ 
mitter and radiating system, should contain the 
following facilities. 

1. Audio input equipment, including program line 
terminal equipment, amplifiers, and monitoring 
c(|uipinent. Tlie use of a peak-limiting or auto¬ 
matic gain-adjusting amplifier is desirable to in¬ 
crease the average percentage of modulation. 

2. Local origination facilities, whereby programs 
may be originated directly from the transmitting 
plant. Such facilities consi.st essentially of a micro¬ 
phone and transcription turntable, together with 
.suitable amplifiers and control equipment. 

3. A regular and emergency supply of a-c power. 

4. Measuring equipment capable of measuring ac¬ 
curately the frequency, modulation percentage, an¬ 
tenna phasing (if a directional antenna is em¬ 
ployed), and complete performance characteristics 
of the transmitter. A cathode-ray oscillograph is 
also quite useful. 

A communications receiver for receiving standard 
frequency transmissions and time signals is also de¬ 
sirable. If possible, this unit should, in addition, 
cover the standard and F-M broadcast bands. 

10-3. Program Lines and Primary Power Sup¬ 
ply —Inasmuch as broadcast transmitters are 
usually located some distance from the studios, it is 
necessary to employ wire lines, usually leased from 
the local telephone company, to carry program mate¬ 
rial from the studios to the transmitter. 

As continuity of service is essential in a well- 
operated broadcast plant, it is desirable that two 
program lines l)e available, the first for normal use, 
and the second for emergency use in the event that 
the regular line becomes noisy or fails completely. 
A further emergency measure, employed at many 
stations, is to equip the transmitter with the neces¬ 


sary facilities for originating programs directly 
from the transmitting plant in the event of the 
failure of all telephone facilities. This can be 
accomplished by means of a microphone and tran¬ 
scription turntable, which are usually adequate to 
maintain emergency program service until the wire 
line facilities have been restored. 

Another desirable precaution in the interest of 
maintaining continuous service under emergency 
conditions is the availability of power from two 
different sources. Should power from one of the 
two sources fail, operation need not be suspended. 
The emergency power may be obtained by means 
of a separate line from a second sub-station, or may 
be obtained from a gasoline- or Diesel-operated 
generator installed in the transmitter plant. 

10-4. Peak-limiting Amplifiers —Peak-limiting 
or automatic gain-adjusting amplifiers arc employed 
at most broadcast transmitter plants. A peak- 
limiting amplifier automatically controls the ampli¬ 
tude of program peaks in such a manner that none 
of the peaks is permitted to exceed a predetermined 
maximum value, this value usually being that which 
results in lOO-pcrcent modulation of the transmitter. 
The gain of a peak-limiting amplifier is essentially 
constant for all program levels below the predeter¬ 
mined maximum value, but, when a program peak 
exceeds this value, the gain of the amplifier is very 
quickly reduced the correct amount to keep the peak 
from exceeding the value corresponding to 100- 
percent modulation. After the peak has subsided, 
the gain of the amplifier is automatically restored 
to normal at a relatively slow rate. 

With the protection against overmodulation af¬ 
forded by this amplifier, it is possible to increase 
the audio level into the transmitter by several deci¬ 
bels, resulting in a substantial increase in the aver¬ 
age percentage of modulation. The increased 
transmitter effectiveness thereby obtained is usually 
as effective as, but much less expensive than, an 
increase in the power of the transmitter or an in¬ 
crease in the height of the transmitting antenna. 
In addition to permitting an increase in the average 
percentage of modulation, the peak-limiting ampli¬ 
fier also prevents the operation of overload devices 
in the transmitter circuits by large program peaks 
and protects the high-power sections of the trans¬ 
mitter from possible damage due to overload by a 
sustained high program level. 

In order to perform satisfactorily its function of 
preventing any program peak from exceeding the 
desired maximum level, the gain-reducing action of 
the peak-limiting amplifier must take place at an 
exceedingly fast rate. This time of gain reduction 
is known as “attack’* time. If the peak-limiting am¬ 
plifier is to be effective in preventing the passage of 
peaks with a steep wavefront, such as are constantly 
encountered in program material, the attack time 
must be in the order of 0.1 milliseconds and under 
no circumstances greater than 0.25 milliseconds. 
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Another important characteristic of a peak-limiting 
amplifier is the time required for the gain to be 
restored to normal after a peak has passed. This 
time of gain restoration is known as “recovery” 
time. Recovery times in common use range from 
0.1 second to 2.0 seconds. If a fast recovery rate, 
such as 0.1 second, is employed, there will be less 
loss of low-volume program passages that follow 
immediately after a high program peak; however, 
such a fast recovery time often results in a tendency 
for the amplifier gain to be affected by the individual 
cycles of low-frequency signal voltages, thereby 
resulting in serious waveform distortion. A slow 
recovery time, in the order of 2.0 seconds, results 
in more perfect filtering of the audio control volt¬ 
ages and eliminates the tendency of the amplifier 
gain to be affected by low audio freejuencies. A 
slow recovery rate also results in less noticeable gain 
reduction action as the program is restored slowly 
and unobjectionahly following a period of gain re¬ 
duction. In practice, optimum recovery time is 
largely influenced by the character of the program 
material, hut usually lies in the region between 0.2 
and 2.0 seconds. One type of automatic gain¬ 
adjusting amplifier, described later, has a unique 
circuit arrangement wherein the recovery time is 
an automatic function of the type of ])rogram mate¬ 
rial causing the gain reduction. 

The advantages of the peak-limiting amplifier 
are: 

1. It permits increased average percentage of 
modulation of the transmitter without danger of 
overmodulation and eliminates adjacent channel 
interference due to overmodulation. 

2, It protects the transmitter from possible over¬ 
load or damage caused by a sustained high program 
level and prevents the operation of overload de¬ 
vices, such as circuit breakers, by large program 
peaks. 

These advantages are not attained without an 
accompanying disaflvantage which, in this case, is 
a decrease in signal-to-noise ratio. The noise re¬ 
ferred to includes all objectionable sounds as.sociated 
with the program material including hum, thermal 
agitation, needle scratch, studio room noise, lip 
noises, and the rustling of script paper. This de¬ 
crease in signal-to-noise ratio is brought about be¬ 
cause the dynamic range of the program material 
is being compressed, that is, the higher program 
peaks are reduced in amplitude by the limiting ac¬ 
tion, while the relative amplitude of lower level 
program passages, as well as noise, remain un¬ 
changed. Therefore, it can be seen that the ratio 
of program peaks to average noise has been altered. 

Provided that peak-limiting is intelligently em¬ 
ployed, and too much limiting is not attempted, this 
increase in noise will be of little consequence and 
will only be detectable on program material where a 
noticeable noise level already exists, as for exatnple, 


old or worn phonograph recordings with high sur¬ 
face noise. 

iO-5. General Electric T)rpe BA-5-A Limiting 
Amplifier —The G. E. type BA-5-A limiting 
amplifier is a peak-limiting amplifier designed to 
permit a very substantial increase in the average 
program level of broadcasting and recording sys¬ 
tems without danger of any audio peak exceeding a 
predetermined maximum value. The initial devel¬ 
opment work on this amplifier was done by the 
Columbia Broadcasting System technical staff. 



Fig. 10-2. The General Electric type BA-5-A 
limiting amplifier. 

The G. E. BA-5-A limiting amplifier consists of 
two separate units designed for standard relay rack 
mounting. The amplifier unit requires 12% inches 
of rack mounting space, and the power supply unit 
occupies 10% inches of rack space. The two units 
may be separated physically from one another as 
far as desired. Each unit employs vertical-chassis 
construction, with hinged front cover panels which 
swing open 90®, exposing the interior of the chassis. 
These provide easy access to all components when 
making periodic adjustments or when servicing the 
units in the rack. All controls and meters which 
arc used in normal operation of the amplifier are 
mounted directly on the hinged panels, and do not 
need to be removed or disturbed in any way when 
adjusting or servicing the units in the rack. Sev¬ 
eral controls which are used only occasionally dur¬ 
ing adjustments of the amplifier are mounted on a 
sub-panel in the amplifier unit, and are exposed 
when needed by opening a separate, hinged cover 
panel. 
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A d-c meter is provided on the front panel of the 
amplifier unit for (1) indicating the degree of 
automatic-gain reduction directly in db, (2) indicat¬ 
ing the balance of various tubes, (3) measurement 
of tube plate currents, and (4) measurement of 
plate voltage. A panel-mounted rotary switch se¬ 
lects the desired meter function. 

The power supply unit contains two separate 
regulated power supplies, which provide potentials 
of 250 volts positive and 250 volts negative, re¬ 
spectively. These power supplies maintain constant 
d-c output voltages over a wide range of a-c line 
voltage variations. The front cover panel of the 
power supply unit mounts a power switch and a red- 
jeweled pilot lamp. Adjustment of the d-c voltage 
of the power supplies is accomplished by two con¬ 
trols mounted on a sub-panel in the interior of the 
power supply chassis. This sub-panel also mounts 
a 5-amp power fuse. The voltage-controls and fuse 
are readily accessible from the front of the unit by 
opening tJie hinged front cover panel. 

10-5a. Specifications 

Source impedance: 600 or 150 ohms, balanced or 
unbalanced. 

Input impedance: 600 or 150 ohms, approximately, 
balanced or unbalanced. 

Load impedance: 600 ohms, unbalanced. 

Output impedance: 600 ohms, approximately, if 
at least 6-db attenuation is set up in adjustable out¬ 
put pad. 

Input level: Maximum (at verge of automatic 
gain-reduction) : — 2 dbm 

Maximum (with 12 db gain-reduction) : -f 10 
dbn’ 

Minimum (at verge of automatic gain- 
reduction): — 33 dbm 

Adjustable in 1-db steps between above limits 
by means of panel-mounted, 30-step, input 
level control. 

Output level: Normal (at verge of automatic 
gain-reduction, and with zero loss in output pad) 
+ 12 dbm. Adjustable in 0.2-db steps by a panel- 
mounted 45 step, output level control. Also ad¬ 
justable in 1-db steps to any value between +12 
dbm and — 28 dbm by means of soldered taps on 
output T pad. 

Level indicator: A panel-mounted VU meter and 
associated multiplier attenuator may be switched 
across the output of either the control amplifier 
stages or the pre-amplifier stages, permitting moni¬ 
toring of program levels, either before or after the 
point where gain-reduction takes place. 

Frequency response: + 1 db, 30 to 15,000 cycles 
under any condition of gain reduction. 

Gain (with maximum input-level-control setting, 
zero loss in output pad, and normal setting of output 
level control) : 44 db. 

Noise level (below output signal level at verge 
of gain reduction) ; — 70 db, max. 


•Steady-state distortion: Less than 1% total rms 
distortion from 50 to 15,000 cps for all values of 
automatic gain reduction up to 12 db. 

Attack time: Less than 150 microseconds. 

Recoi’cry time: Automatic function of nature of 
program material. 

For single, short peaks: 0.2 to 0.4 seconds, ad¬ 
justable for 63% recovery of gain after 
signal drops below gain-reducing level. 

For sustained or rapidly recurring peaks: Ap¬ 
proximately the same as for single, short 
peaks up to about 40% gain-recovery, in¬ 
creasing automatically to about 7 seconds for 
90% gain-recovery. 

lQ-5b. Theory of Operation 

1. General. This new type of automatic gain 
adjusting amplifier is composed of three sections. 
Tubes VI1, V12 and their associated circuits com¬ 
pose the preamplifier section. Tubes VI3, V14, 
V15, V16, V17, V18 and their associated circuits 
compose the variable-gain or controlled amplifier 
section. Tubes V19, V20, V21, V22. V23, V24 
and their associated circuits compose the bias gen¬ 
erator section. 



Fig. 10-3. Block diagram of the General Electric BA-5-A 
limiting amplifier. 

1'he purpose of the preamplifier is to amplify the 
input signal to such a level that it can supply both 
the controlled amplifier and the bias generator 
sections. 

In the controlled amplifier, tubes V13, V14, V17, 
V18 form a conventional two-stage, push-pull am¬ 
plifier. Tubes VI5, V16 are so connected that they 
apply negative feedback from the plates of the out¬ 
put stage to the cathodes of the injmt stage. The 
plate-to-cathode impedances of VI5 and V16 deter¬ 
mine the amount of negative feedback. This im¬ 
pedance changes with control grid voltage. It 
therefore comprises a variable gain amplifier. 

It is desirable to obtain adequate control bias to 
cause gain-reduction even with peaks of very short 
duration. Therefore, the control-bias generating 
circuits utilize large power-type tubes and low- 
impedance circuits, resulting in extremely fast de¬ 
velopment of the automatic control voltage. Tube 
V19 is a phase inverter to supply signal to the 
push-pull cathode followers V20 and V21. Tul)es 
V20/V21 provide a suitable low impedance charging 
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source for the diodes V22, V23. Full-wave rectifi¬ 
cation in diodes V22, V23 produces the required 
d-c bias potential across their R-C load circuit 

Tube V24 is a dual triode. The first triode sec¬ 
tion of V24 serves the dual purpose of an inverter 
to obtain voltafje of the correct polarity to bias the 
feedback tubes and as an equalizer tube. The func¬ 
tion of the equalizer tube is to suitably shape the 
control-bias pulse applied to the feedback tubes. 
The second triode section of V24 serves the purpose 
of indicating the degree of gain-reduction on a 
calibrated meter. 

The voltage change in the plate circuit of V24, 
which is in a positive direction, is apjilied to the 
grids of the feedback tubes \T5, V16, wliich thereby 
reduces the gain of the controlled ainidifier. Diodes 
V22 and V23 are biased so that gain reduction 
occurs at a predetermined input amplitude. 

The audio signal voltage at the output of the 
preamplifier section feeds the control amplifier sec¬ 
tion through the lattice network composed of 
Lll-A, Lll-B, ri9, and C20. This network acts 
to delay the signal voltage reaching the control 
amplifier until sufficient gain reduction has been 
effected by the bias generator circuits. 

In order to minimize variations of the operating 
characteristics of the automatic gain adjusting am¬ 
plifier due to line voltage variations, the plate supply 
voltages are regulated. 

2. Automatic Gain-Ad justing Characteristic, The 
bias generator gets its signal from the input side of 
the controlled amplifier section. This bias gen¬ 
erator must be designed to have, without external 
control, a certain a-c injmt vs. d-c output tran.smis- 
sion characteristic. Up to the point of gain reduc¬ 
tion, the output of the bias generator is zero. This 
zero-transmission is accomplished by applying fixed 
bias to the diodes V22 and V23. 

Through the gain-reducing range, the bias gen¬ 
erator transmission characteristic is controlled by 
the “slope” control R90. It is the combined effect 
of the bias generator transmission characteristic 
just described, plus the transmission characteristic 
of the controlled amplifier section, which constitutes 
the overall automatic gain-adjustment characteristic 
of the system. 

3. Tube Balance in Controlled Amp. When gain 
reduction occurs, the plate currents of VI5 and V16 
change. Since VI3 and Vl.S have a common cath¬ 
ode resistor, R32, and V14 and V16 also have a 
common cathode resistor, R33, the above change of 
plate currents will change the bias of the V13-V14 
push-pull .stage. V13-14 amplification of this bias- 
voltage change appears on the grids of the V17- 
VI8 push-pull stage. Since this voltage appears in- 
phase, however, resultant currents in the primary 
of the output transformer T14 produce no energy 
in the secondary of T14, because the primary offers 
a zero impedance to in-phase currents, providing 
they are perfectly balanced. These in-phase volt¬ 


ages that appear on the grids of the V17-V18 push- 
pull stage when compression occurs, appear as a bias 
shift to these tubes. The duration of this bias 
shift is determined by the combined R-C coupling 
circuits and the gain reduction recovery time. The 
effects which would normally be expected from this 
bias change are minimized by the de-generativc 
effects caused by R51. The large value of R51 is 
compensated for by tlie application of a bias voltage, 
which is positive with respect to ground, to the 
grids of V17, V18. 

It is obvious, therefore, that in order to obtain 
proper performance, each pair of tubes in this push- 
pull gain-reducing section should be reasonably well 
balanced. This is especially true of VI5 and V16 
because they operate over the greatest portion of 
their grid-voltage plate-current curve. 

4. Recovery Time. The time required for the 
amplifier to restore itself to normal gain from a 
reduced gain condition is called the recovery time. 
The R-C load circuit of diodes V22-V23 determines 
the recovery time. The design of this circuit makes 
the recovery time dependent on the nature of the 
signal which caused gain reduction, and for this 
reason it is difficult to describe simply the recovery 
time characteristic. The following description 
should, however, give some indication of what might 
be expected from this circuit. 

The basic R-C load circuit for diodes V22-V23 
is composed of R84, K86, R87 shunted by r34. In¬ 
creasing of the recovery time is accomplished by 
rotating recovery switch (Sll), w'hich adds C‘35 or 
both C35 and U36 to the above R-C load circuit. 
I'his basic circuit then provides a recovery time of 
0.2, 0.3 or 0.4 second for 63 percent gain-recovery. 
An additional anti-pump circuit composed of R88 
and C'33 in series, connected across the basic circuit, 
causes it to operate in the following manner: A high 
])cak of short duration which causes compression 
will not charge the anti-pump circuit because of its 
slow charge characteristic: approximately 1.2 sec¬ 
onds. However, this peak wdll charge the basic 
circuit, and therefore causes gain reduction. Gain 
recovery for this condition will be very rapid since 
the bias voltage will start charging the anti-pump 
circuit while it is discharging through its regular 
leak circuit. 

Now, if several high peaks of short duration 
occur during a short interval, causing gain reduc¬ 
tion, the anti-pump circuit as well as the basic cir¬ 
cuit will become charged, causing gain reduction. 
The gain recovery for this condition will be nearly 
as rapid as the condition stated above, up to about 
40 percent gain-recovery. At this time, recovery 
rate will slow down, and when the ratio of the 
potential on C34 to that on C33 is equal to the ratio 
of R84 plus R86 plus R87 to R84 plus R86 plus R87 
plus R88, recovery time will be determined by the 
C33, R88, R84, R86, R87 combination, andf a total 
of about 7 seconds will be required for 90 percent 
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gain-recovery. It can now be seen that when short 
peaks occur in rapid succession, causing gain reduc¬ 
tion, the anti-pump circuit will take hold and limit 
the amount of recovery between peaks, thereby re¬ 
ducing the pumping effect. In the event of a sus¬ 
tained peak of high amplitude which causes gain 
reduction, both the anti-pump circuit and the basic 
circuit will charge, and the recovery time will be 
similar to that for the condition just mentioned. 
1'he advantage of the lengthened recovery time for 
this condition is that less dynamic range will be 
lost. From the foregoing, it will be evident that 
gain reduction will be less apparent to the listener 
than might otherwise have been expected. 

5. Bias Rectifier. Signal input voltage to the 
bias generator and diode biasing determine what the 
preamplifier output level will be when the input level 
is such that the amplifier is on the verge of com¬ 
pression. R24 and R26 form a voltage-divider to 
deliver the proper input signal voltage to the bias 
generator with reference to the preamplifier output 
level. The bias applied to the diodes V22-V23 is 
an important factor in determining what the output 
level of the preamplifier will be when on the verge 
of compression. This bias also serves the purpose 
of preventing diode current without signal. 

It is desirable that the d-c output voltages from 
diodes V22~V23 be proportional to the peak poten¬ 
tial of the applied signal voltage. This is accom¬ 
plished by providing a high signal voltage to the 
diodes, thereby increasing their linearity. But since 
a considerably smaller voltage is required by the 
inverter-equalizer (V24) grid, a voltage divider 
composed of R84, R86, and R87 is provided. C31 
and C32 limit the impedance of the inverter grid 
at high frequencies, and thus restrict its pick-up of 
extraneous noise. 

6. Preamplifier, The preamplifier is operated at 
an output level such that its signal-to-noise ratio at 
the verge of gain-reduction is satisfactory. Its out¬ 
put at this point is approximately -f 10 dbm but this 
figure will vary somewhat, depending on tube char- 
.icteristics (principally VI5, V16 and V24). 

The preamplifier is capable of delivering powers 
in the order of -f 24 dbm with very low distortion. 
Thus signals within the full range from the verge 
of gain reduction to full gain reduction will be as¬ 
sured satisfactory transmission characteristics in 
the preamplifier. 

10-5c. Alignment Adjustments and Maintenance 

1. General. The necessity for proper alignment 
of this automatic gain-adjusting amplifier cannot be 
overemphasized. Regular and frequent checks on 
the proper alignment will be repaid by superior 
performance. 

Whenever maintenance work is done inside the 
chassis, the dc mtr switch (S12) should be turned 
to the OFF position to prevent accidental damage to 
this sensitive instrument. 


The following adjustments should be made upon 
initial installation and at regular maintenance inter¬ 
vals thereafter. 

2. Adjustment of Power Supply. Place all the 
tubes in the amplifier and power supply units in 
their sockets except VIS and VI6, and turn the 
equipment on. After several minutes of warm-up, 
turn the DC mtr switch S12 to the “+ pwr” position 
and adjust the -f output voltage control (R218) 
back of the hinged panel in the power supply so 
that M12 reads at pwr position (250V). Turn S12 
to the — PWR position and adjust the — outpltt 
VOLTAGE control (R236) on the power supply so that 
M12 reads at the pwr position. 

3. Tube Check and Static Balance of Push-Pull 

Stages. VI1 and V12 operating currents are satis¬ 
factory if M12 reads within the green check area 
in positions 1 and 2 respectively of S12. S12 should 

be rotated to positions 3 and 4 for an approximate 
check on the operation of VI3 and V14 respectively. 
Indications should be within the green area. S12 
should now be rotated to bal a or bal b position 
(whichever reads upwards). These positions indi¬ 
cate the relative unbalance of V13 and V14. If the 
reading is greater than 2 microamperes, other com¬ 
binations of tubes should be tried until the proper 
balance is obtained. VIS and V16, which are not 
yet plugged into their sockets, will be checked for 
proper operation during and after the adjustment 
of automatic gain-reducing characteristic which is 
described in a subsequent section. Continuing the 
tube check, S12 should be rotated to positions 5 and 
6 for checks on VI7 and V18 respectively. These 
tubes should be selected so that their readings not 
only fall within the check area, but differ by less 
than 3 microamperes. 

V19, V20, and V21 should fall within the tube 
check areas on S12 positions 7, 8, and 9 respectively. 

Other tubes in the amplifier must be tested by 
other means such as a standard tube tester. 

4. Adjustment of Gain-Reduction Indicator, 
With the metering switch on the g-r position, adjust 
the G-R ZERO control (R93) until M12 reads full 
scale with no signal input applied to the amplifier. 
M12 will then read the approximate amount of gain- 
reduction when subsequent adjustments have been 
properly completed. 

5. Adjustment of Automatic Gain-Reducing 
Characteristic. When making the initial adjust¬ 
ment of the automatic gain-reducing characteristic, 
begin with fb bal (R43) and slope (R90) (located 
behind the upper hinged section of the front panel) 
adjusted to the center of their scales. When tubes 
are replaced, or when making routine check adjust¬ 
ments begin with the fb bal and slope controls in 
the position found optimum at the last previous 
adjustment. 

Put VI5 and VI6 in their sockets and allow ap¬ 
proximately one minute of warm-up before starting 
adjustments. Make certain that the output ter- 


STANDARD BROADCAST TRANSMITTERS 


361 


■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 


"" 

1] 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

P 


■ 

9 

■ 

■ 

■ 

□ 

n 

■ 

i 

■ 

■ 

■ 

■ 

■ 

m 

■ 


■ 

•u 



u 

- 









-- 

u 



1 

u 


n 

n 


9 

■i 

■ 

■ 


■ 

■ 

i 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

B 


■ 




■ 

■1 

■ 

■ 

■ 

■ 

■ 

1 

H 


■ 

■ 


■ 

■ 

■ 


■ 




J 

H 
















/■ 


■ 

■1 

■ 

■ 

■ 

■ 

i 

1 

■ 

I 


i 

B 

■ 


■ 




_ 

_ 










■ 

■1 

■ 

■ 

■ 

■ 

■ 

1 

fl 

1 

■ 

■ 

■ 

■ 

■ 

■ 


p 

aS 

■ 

■ 

■ 

■ 














- 





1 






i 

i 

E 

■ 

B 

■ 

:: 

□ 


■ 


■ 

■ 





... 

. 




- 

- 


/ 

. GAIN REDUCTION IN DR AT 


■ 

1 

i 

■ 

1 

1 

i 

■ 

i 

■ 

2 " 



■ 






”1 



■ 

■ 

■ 

i 

B 

■ 

B 

■ 




■ 




L 










■ 

■ 

■ 

■ 

■■ 

L. 

■ 

■ 

■ 

■ 




■ 

A 

MPLIFICR WIT 

>N$TANT GAI^ 

H 










1 BETWEEN THESE CURVES 

...... 






M 

n 

L 

n 

r 


■ 



CC 




p 







■ 





!■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

n 

■ 

■ 

■ 

■ 

■ 

■ 



— 

-- 

-- 

- 







..... 





■ ■ 




U 




□ 

n 

P 




1 

■i 

1 

1 

■ 

1 

1 

1 

1 

■1 

■ 

■ 

■i 

» 

f . 

d 

— 

— 

— 


— 

— 

— 

— 

— 

— 

— 


KZ 


-L. 

n 

331 

ns 

G 

□ 

KM 

PL 

IFI 

UL 

L. 

— 


— 

L 

/ 

















[j 




□ 
















n 

n 

r 
















L_ 
































■ 

■ 

■ 


■ 

■ 

■ 

■ 

! 

■ 

■ 

■ 



i 

■ 

i 



■ 

■ 

■ 



LJ 

LJ 

J 

L 













■ 

■ 

■ 


■ 

■ 

■ 

i 

i 

i 

i 

:■ 



i 

■ 

i 



■ 

■ 

B 





L 

J 






— i 



■ 

■ 

■ 


■ 

i 

i 

i 

■ 


■ 

■ 

i 

i 

■ 

■ 




i 

■ 

□ 

1 

_ 



J 

















■ 


■ 

i 

i 

i 

■ 


■■ 

i 

i 

■ 

1 




B 

■ 

□ 

















1 

■ 

__________ 


















-J 


1 

■ 

AUTOMATIC GAIN-ADJUSTING 
CHARACTERISTICS 

G-E TYPE BA.5.A 

LIMITING AMPLIFIER 

1 1 



















■ 

■ 

j r 























D 


















































■ 

■ 

■ 





■ 

■ 

■ 







■ 

■ 


■ 

■ 




_ 

_ 

_ 





■ 

i 

■ 







_ 

L 


■ 

■ 



-6 -5 -4 -3 -2 -I 0 -W t2 tS 1*4 t® t7 ft tIO til tl2 113 114 

RELATIVE INPUT LEVEL* DB 


Fir,. 10-4. Automatic adjusting characteristics of the General h'lectric limiting amplifier. 


minals TBll-5 and -6 arc connected to a 600-ohin 
terminating resistor (this may be the normal load 
circuit of the amplifier). 

Turn the input control (Rll) on the front panel 
to the minimum gain position. Connect a signal 
generator adjusted to 1000 cycles with an output 
level of approximately — 20 dbm to the input ter¬ 
minals TBll-1 and -3 of the automatic gain¬ 
adjusting amplifier. Turn vu mtr switch (S13) to 
position 2, which connects the volume indicator Mil 
across the output of the automatic gain-adjusting 
amplifier. Adjust the vu mult control (R59) to 
-h 12 dbm. Next set the dc mtr switch S12 to 
G-R position, in which position M12 indicates ap¬ 
proximate gain-reduction. 

Increase the input level slowly with the input 
control (Rll) while observing the output level on 
Mil and the gain-reduction indication on M12. 
The output level should increase in a linear manner 
until M12 begins to indicate the verge of gain- 
reduction. The output should reach a maximum 
level, which we shall call the 0 db relative output 
level point, when the gain-reduction meter reads 3 
to 4 db. As the input level is increased up to the 
point of 8 to 10 db gain-reduction indication, the 
output level should have dropped 0.4 to 0.5 db from 
its previous 0 db relative level at the 3 to 4 db g-r 
point. Still further increase in input level to ap¬ 


proximately the 12 db (;-r point will cause the out¬ 
put level to increase until it again reaches the previ¬ 
ously established 0 db relative output level. Refer 
to Figure 10-4 and adjust slope control (R90) until 
a close approximation to this characteristic is ob¬ 
tained. After each readjustment of the slope con¬ 
trol, always allow the gain of the amplifier to re¬ 
cover completely, as indicated by the G-R meter, 
before rechecking the gain control characteristics. 

It will probably be found that during intial ad¬ 
justments the output level will not remain within the 
range of the volume indicator -f 12 position. It is 
therefore recommended that the output control 
(R27) be adjusted each time the slope or bal con¬ 
trols are adjusted so that the vu mtr indication re¬ 
mains on the readable portion of the -f 12-dbm 
scale. 

It must be kept in mind that M12 indicates the 
approximate actual amount of gain-reduction only 
when the automatic gain-reduction characteristic is 
properly adjusted. 

6. Adjustment of V15-V16 Dynamic Balance. 
After the automatic gain-reducing characteristic 
has been adjusted, set input level so that the ampli¬ 
fier is just at the verge of gain reduction. This is 
indicated by an output vu mtr reading of % 
below the 0 db relative output level point, and a g-r 
meter indication that has just started down from 
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the full scale point (about 29 microamperes). Turn 
the DC metering switch to bal a or bal b position 
(whichever reads upward). Note meter reading 
and increase input level in 1-db steps to a total in¬ 
crease of 12 db (12 steps of input control above 
the threshold setting). Observe the reading of M12 
very carefully while performing this operation; if 
the reading changes more than 0.5 microamperes 
(% of smallest scale division) in either direction 
anywhere within this 12-db range of the input con¬ 
trol setting, it indicates V15 and V16 are unbal¬ 
anced more than allowable. Adjust kb bal control 
(R43) until the change is less than 0.5 micro¬ 
amperes when repeating the above procedure. 
Since the adjustment of fb bal (R43) above af¬ 
fects the automatic gain-reducing characteristic and 
since the adjustment of slope (R90) also affects 
the dynamic balance, all adjustments will have to 
be rechcckcd until the requirements of sections 5 
and 6 al)ovc arc met simultaneously. 

J f no setting of the fb bal control will suffice to 
produce a sufficiently good balance of the 6J5 tubes 
selected for VI5 and V16, replace one of these tubes 
with a third 6J5 and try the new pair thus formed 
for satisfactory balance. It is usually possible to 
obtain a sufficiently well-matched pair of tubes for 
VI5 and V16 from among any four new 6J5 tubes 
selected at random. In fact, it is usually not diffi¬ 
cult to locate a pair of 6J5 tubes which will show 
no perceptible drift of the reading of M12 over the 
entire 12 db control range, when properly adjusted. 

7. Adjustment of ri5-J^16 Static Balance. 
Again set dc mtk switch on bal a or bal b posi¬ 
tions for upward indication. Note the reading in 
microamperes. Set meter switch on off position 
and remove VI5 and V16 from their sockets, noting 
their respective positions so they can be later re¬ 
placed in the same sockets. Return meter switch to 
previous bal a or bal b position and read the meter 
again. If the reading has changed more than 0.5 
microamperes another combination of tubes should 
be tried in the V15-V16 sockets. If another com¬ 
bination is tried, repeat the automatic gain-reducing 
characteristic and the dynamic balance adjustments 
before checking the static balance again. If the 
balance was satisfactory, care must be exercised to 
insure that V15-\T6 are not interchanged from 
their previous positions. 

The automatic gain adjusting amplifier is now 
adjusted so that any input level within its gain 
reduction range will give a reasonably constant out¬ 
put level. In order to achieve this constant output 
condition at all frequencies it is imperative that the 
automatic gain-adjusting amplifier be terminated in 
a resistive load of the proper impedance; i.e., the 
normal 600-ohm load that the amplifier works into 
should be essentially resistive over the entire fre¬ 
quency range. One way of insuring that this re¬ 
quirement is satisfactorily met is to set up at least 
6-db attenuation in the output pad R58. As shipped, 


R58 is wired for zero loss, but any desired value of 
attenuation up to 40 db can be inserted by simple 
soldering operations. 

8. Adjustment of Output Level. Proper adjust¬ 
ment of the output level is carried out in the follow¬ 
ing manner. Connect the volume indicator M11 to 
the output of the amplifier by turning vu mtr switch 
(S13) to position 2. Connect the output terminals 
TBll-5 and -6 to the input of the equipment which 
it is desired that the limiting amplifier feed. With 
a 1000 cycles input ^ of such level that the amplifier 
reduces gain 3 to 4 db, adjust the output level con¬ 
trol (R27) until the output level as read on Mil is 
■f 12 dbm. If the range of output control R27 is 
found to be inade(iuate for this adjustment, the at¬ 
tenuation of R28 will have to be changed. This 
output level will be found to give optimum perform¬ 
ance. Now adjust R58 so that the maximum input 
level requirement of the terminating equipment is 
met. Any further output level adjustments re¬ 
quired in the apjdication of the equipment may be 
made with the output level control (R27). 

9. Adjustment of Input Level. The input con¬ 
trol (Rll) should be adjusted so that with normal 
program input level, the desired amount of gain 
reduction will be obtained, as indicated on M12 
with the metering switch S12 on the c;-R position. 
When the metering switch is on this position, M12 
will indicate the amount of gain reduction provided 
the automatic gain-reduction characteristic and dy¬ 
namic balance have been properly adjusted. It 
must be remembered that this gain-reduction indi¬ 
cator will not read the actual degree of gain reduc¬ 
tion on peaks of short duration with accuracy, due 
to the dynamic inability of the G-R meter to follow 
instantaneous peak voltages; therefore, care should 
be exercised in making this adjustment. 

The INPUT control (Rll) should first be ad¬ 
justed so that with normal program input level 
(corresponding to 100-percent modulation of the 
transmitter) the program peaks just reach the verge 
of gain-reduction as indicated by an occasional kick 
of M12 with the dc mtr .switch (S12) on the g-r 
position. The calibrated input control can then be 
increased in db steps to obtain the desired amount 
of gain reduction. This method of setting the input 
control for the desired amount of gain reduction is 
better than attempting to use the gain-reduction 
indicator, since this meter will not read the actual 
degree of gain reduction on peaks of short duration 
with any more accuracy than an ordinary volume 
indicator. 

10-5d. General —Approximately one hour of 
tube warm-up is re(|uired before completely stabi¬ 
lized operation is assured. Therefore, it is of the 
utmost importance to repeat the adjustment proce- 

1 If the equipment to be fed has a frequency response 
such that it will overload at some frequency other than 1000 
cycles at a loivcr input level, that frequency should be used 
instead of 1000 cycles. 



Fig 10-5 Wiring schematic of General Electric limiting amplifier. 
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dure carefully after one hour or more of continuous 
operation. 

To insure the continuous superior performance of 
which this amplifier is capable, it is advisable to 
check its adjustment at weekly intervals. Make no 
changes from the previous adjustment unless at least 
one hour of warm-up time has been allowed. 

10-6. W. £. 1126C Program Operated Level 
Governing Amplifier —The Western Electric 
1126C amplifier is designed to be used between the 
studio output and the transmitter input to reduce 
excessive peaks protecting against (1) overmodula¬ 
tion in AM with its potentially inherent interfer¬ 
ence, (2) overswing in FM which may cause dis¬ 
tortion to occur in the receiver and the guard band 
to be overridden, and (3) instantaneous overload 
and consequent di.stortion in other transmission sys¬ 
tems. The 1126C has an extremely short attack 
time. For average program use, peak level reduc¬ 
tion will begin within the first half cycle of program 
frequency. This practically eliminates overloading 
by peaks thus permitting a higher average percent¬ 
age of modulation of the transmitted carrier. This 
is of particular value as it provides a better cover¬ 
age of the service area, for a given transmitter 
power. 

10“6a. Description —The 1126C consists of a 
126C three-stage, push-pull amplifier, 298A control 
panel, and 20B rectifier. It is an a-f operated, 
level-governing amplifier containing automatic 
means to reduce its gain when the input level 


reaches a predetermined amount and to restore the 
gain as the input level falls below that amount. 

The self-contained automatically regulated power 
supply stabilizes the operation of the amplifier over 
a wide range of power supply conditions. For con¬ 
venience in installation, the 1126C amplifier can be 
separated into three units. The control panel can, 
for example, be mounted in a control desk and the 
power supply unit at the base of a rack containing 
the remainder of the circuit equipment, thus lending 
itself to flexibility in installation. 

10-6b. Specifications 

1. Frequency response: Flat within ± 1 db over 
the range 50 to 15,000 cps. 

2. Output noise: —45 dbm unweighted. Signal- 
to-noise ratio: 69 db at point where gain reduction 
starts (+ 24 dbm ). 

3. Output distortion: For program: less than 1% 
for all operating conditions up to 5 db compression. 
For single-frequency tone: (a) below compression, 
less than 1%; (b) for 5-db compression, less than 
1 % for frequencies above 200 cps and not more than 
1.75% for frequencies as low as 50 cps. 

4. Compression ratio: 10: 1 (10-db input increase 
results in 1-db output increase above point at which 
gain reduction starts). 

5. Reco^fcry time: Variable in 5 steps of 0.2 sec¬ 
ond each from 0.2 second to 1.0 second. Optional 
adjustment permits variation from 0.1 second to 0.5 
second. 
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Fig. 10-6. Front view of the Western Electric 1126C program-operated level-governing amplifier used in both A-M and 
F-M broadcasting systems to avoid undesirable effects which would result from overmodulation of the radio transmitter. 
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6. Source impedance: 600 ohms (circuit not bal¬ 
anced to fi^round). 

7. Load impedance: 600 ohms (circuit not bal¬ 
anced to ground). 
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Fig. 10-7. Compres'^ion characteristics of Western Elec¬ 
tric 1126C amplifier. (('<mrtesy Western Electric.) 

8. Maximum gain: 53.S db maximum with all 
input and output fixed attenuators omitted (37 db 
as shipped with 10-db input and 6.5-db output at¬ 
tenuators connected) when working from 600 ohms 
and into 600 ohms, both adjustable attenuators at 
zero. 

9. Input level range: —30 dbm to 4-20 dbm 
(single-frequency tone). 

10. Output level range: —6 dbm to 4-23.5 dbm 
(single-frequency tone). 
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Fig. 10-8. Simplified schematic of Western Electric 1126C 
program-operated level-governing amplifier. 


11. Program level range: Deduct 10 db from in¬ 
put and output level to allow for peak factor. 

12. Output power: +17 dbm single frequency 
(as shipped and with adjustable output attenuator 
at zero) when gain reduction starts. (+23.5 dbm 
maximum, with all output fixed attenuators omitted.) 

10-7. Audio Facilities for Broadcast Trans¬ 
mitter Plant —Figure 10-9 shows, in block dia¬ 
gram form, an audio facilities design typical of that 
employed in many modern broadcast plants. This 


arrangement incorporates many desirable features 
and conveniences which are discussed in the follow¬ 
ing paragraphs. 

As can be seen, two incoming program lines from 
the studios have been provided, a regular line and 
an emergency line. Both lines carry program at all 
times. Each line is provided with a line coil, line 
equalizer, and line volume control. The volume 
controls may be either the ladder or the bridged-T 
type. The output of the volume controls are con¬ 
nected to two of the three input positions of a 
double-pole, triple-throw “program” key switch. 

A three-position mixer has been provided for the 
purpose of originating programs directly from the 
transmitter plant in the event that both program 
lines from the studios should fail, 'i'his mixer pro¬ 
vides a microphone position, a transcription turn¬ 
table position, and a utility input position. This 
latter position is provided with a line coil at its 
input with no ground connection on the input wind¬ 
ing, tlieit^by permitting its use with either balanced- 
to-grf«irid or unbalanced-to-ground circuits. The 
output of this three-position mixer is connected to 
the third input of the three-position program key 
switch. 

When announcements are made, the operation of 
the microphone circuit key switch energizes a relay 
in the monitor circuit which “cuts” the monitor 
loud-speaker to prevent acoustic feedback. 

The program key switch serves to select either 
Line 1, Line 2, or the local origination facilities. 
The program circuit selected by means of this key 
switch is connected through to the program ampli¬ 
fiers. The number 1, or regular amplifier, is an 
automatic gain adjusting amplitier, while the num¬ 
ber 2, or emergency amplifier, is a bridging amplifier 
which is bridged across the input of the regular 
amplifier. It would, of course, be possible to em¬ 
ploy two automatic gain adjusting amplifiers, but 
inasmuch as the emergency amplifier is employed 
only at times when trouble develops in the regular 
amplifier, this would be difficult to justify economi¬ 
cally because of the higher cost of the automatic 
gain adjusting type of amplifier. The output of 
each of the amplifiers connect to either side of a 
“regular-emergency” key switch, the output of 
which connects to the line feeding the input of the 
transmitter. When this key switch is in the “regu¬ 
lar” position, program is fed to the transmitter from 
the automatic gain adjusting amplifier. Should a 
failure of any kind occur in this amplifier, throwing 
this key switch to the “emergency” position substi¬ 
tutes the emergency amplifier in the circuit. 

It is considered good design practice to employ 
two different phases of the a-c supply for the opera¬ 
tion of the regular and emergency amplifiers. If 
this is done, operation of the regular-emergency 
key switch effectively switches to a new a-c feed. 

In a broadcast transmitter, aural monitoring is 
usually accomplished by feeding to the monitor loud- 
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AUTOMATIC GAIN ADJUSTING AM PI IFIFR 


LINE BRIDGING AMPLIFIER 


MICROPHONE PRELIMINARY AMPLIFIER 


MONITORING AMPLIFIER (BRIDGING) 


V,l. ATTENUATOR 


LINE TRANSFORMER 


LINE EQUALIZER 


Fig, 10-9. Block diagram of typical transmitter audio facilities. 


Speaker the output of an r-f monitor. The r-f 
monitor consists of a pick-up device and rectifier 
located in the output staple of the transmitter which 
supplies a rectified sample of the output of the 
tran.smitter. The r-f monitor therefore provides a 
check on the quality and over-all performance of 
the transmitter. As it is often desirable to compare 
the quality of the audio input to the transmitter with 
the quality of the r-f monitor, an a-f/r-f monitor 
key switch has been provided which permits either 
the r-f monitor or a sample of the audio input to 
be connected to the bridging input of the monitor 
loud-speaker amplifier. During normal operation, 
this key .switch is always left in the r-f position to 
insure that over-all transmitter performance is being 
checked. It is therefore desirable that this monitor 
key switch be nonlocking in the a-f position so it 
cannot be inadvertently left in this position. 

It is common practice during operation of a 
broadcast transmitter to “cut'* the monitor loud¬ 
speaker when using the telephone so it will not inter¬ 
fere with the telephone conversation. This is an 
undesirable practice, of course, as a transmitter 
failure may possibly go unnoticed until the tele¬ 


phone conversation is completed. A provision has 
therefore been made in the facilities being dis- 
cus.sed, whereby a resistance attenuation network 
with a loss of approximately 20 db is connected into 
the loud-speaker circuit when the monitor key 
switch is thrown to the center position. This 20-db 
pad reduces the monitor loud-speaker level suffi¬ 
ciently to permit use of the telephone, but still pro¬ 
vides sufficient level for monitoring purposes. This 
pad is inserted in the circuit by means of a relay 
in the loud-speaker circuit which is energized only 
when the monitor key switch is in the center posi¬ 
tion. Under these conditions of reduced level, the 
monitor circuit remains connected to the r-f 
monitor. 

In the block diagram of Figure 10-9, only one 
monitor loud-speaker located in the transmitter 
room, is shown. If required, additional loud¬ 
speakers can be employed. These additional loud¬ 
speakers may prove useful in such locations as the 
workshop, office, and antenna tuning house, if one 
is used. 

Ample jacks have been provided in the various 
program circuits of the facilities illustrated to per- 
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Fig. 10-10. The control console at WCBS, New York. On this desk are centralized all audio and transmitter controls. 

(Courtesy CBS.) 


niit patchiiifr a substitute unit of equipment to re¬ 
place any component which may become defective 
(luring operation. 

10-B. Broadcast Transmitters —Stimulated by 
competition, as well as by the higher standards of 
performance required by both the Federal Com¬ 
munications Commission and the industry, manufac¬ 
turers of broadcast etjuipment are now supplying 
transmitters possessing vastly superior character¬ 
istics to those obtainable years ago In general, 
marked progress has been made in increasing the 
stability of frecjuency, extending the over-all fre¬ 
quency characteristics into the high-fidelity regions, 
and in reducing audio distortion, carrier noise, and 
ladio frequency harmonics. Other improvements 
include the reduction of operating cost, addition of 
automatic safety de\ ices to protect the operating 
personnel and equipment, adaptability to power 
changes, ccntrali/ed controls, reliability of opera¬ 
tion, accessibility of parts for maintenance and serv¬ 
ice, and modernistic trends in appearance. 

The transmitters described in the remainder of 
this chapter are tjpical of those designed to pro¬ 
vide all of these features. In order to give the 
reader an insight into present-day radio broadcast¬ 
ing transmitters, it has been thought best to describe 
one of the many transmitters of two manufacturers 
whose equipment is used extensively in the United 
States. The descriptions of the apparatus, the ad¬ 
justments and maintenance instructions arc taken 
with little change from the instruction books sup¬ 
plied with the equipment. The type number of all 


the apparatus and the peculiar language of the art 
have been left in the text so that the student or 
operator may have a better opportunity to read his 
way into current practice. 

One must not assume that the manufacturers 
whose apparatus is described herein are the ovly 
manufacturers of broadcast equipment in keeping 
with good engineering practice. There are others, 
but obviously space would not permit a description 
of each. 

10-9. W. E. 405A-2 and 405B-2 Radio Trans¬ 
mitting Equipments —The Western Electric 
405A-2 radio transmitting equipment consists of 
the following elements: a 702A quartz crystal- 
controlled oscillator operating into a two-stage, 
radio-frequency amplifier; a two-stage, audio¬ 
frequency amplifier; a modulating amplifier stage; 
a power amplifier stage consisting of two water- 
cooled tubes in a Doherty high-efficiency circuit; 
plate and grid supply rectifiers; power apparatus; 
water-cooling equipment; and a control desk. 
7'hese elements are combined for generating a 
constant-frequency carrier which may be modulated 
by a broadcast program signal, and for amplifying 
the modulated carrier and transmitting it to an 
antenna. 

The Western Electric 405B-2 equipment, showm 
in Figure 10-11, is the same as the 405A-2, except 
that the tubes in the power amplifier stage are air- 
blast cooled instead of water cooled. * 

The unmodulated carrier power supplied to the 
antenna is 5 kw at full power, and either 2.5 or 1 
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Fig 10-11. Front view of Western Flectnc’s 40SB-2 5-kw radio broadcast transmitter. The use of the Doherty high 
efficiency amplifier circuit increases the efficiency of the power amplifier stage from the 30 percent usually obtained to 60 
percent. Stabilized feedback is also included in this equipment. 

kw at reduced pou'cr. Approximately 15.8 kw is 
drawn from a 230-volt, three-phase, 60 (or 50 if so 
ordered) cycle power supply at a power factor of 
0 85 to operate the equipment at its full unmodu¬ 
lated carrier output During; modulation by a pro¬ 
gram, the power drawn from the line varies syllabi- 
cally between this value and a peak value of ap¬ 
proximately 20 kw. At carrier outputs of 2 5 kw 
and 1 kw, the maximum (peak) power drawn from 
the line is about 16 and 13 kw, respectively The 
voltage limits for the power supply arc 205-250 
volts with regulation not to exceed ±10 percent, 
and a minimum pow^er-line capacity of 25-30 kw 
is recommended. 

The following table shows the approximate heat 
dissipated by the equipment for various operating 
powers, with no modulation. For average modula¬ 
tion, the dissipation w^ould be slightly greater than 
the amount listed. 


Carrier Power 
(kw) 

Power lakcn 
from ^iOV Line 
(kw) 

Heat Dissipated 
bv Unit ( 
Cooling System 
(kw) 

Total Heat 
Dissipation 
(kw) 

5 

15.8 

7.0 

10 8 

2.5 

11.5 

5 3 

9.0 

1.0 

90 

4.3 

8 0 


Protection against accidental contact with high 
voltage is provided by the control circuit and the 
manner in which the apparatus is assembled The 
transmitter units are completely enclosed and arc 
equipped with doors w^hich cannot be opened wdth 
dangerous voltages on, nor can such voltages be 
applied with the doors open. In addition, inter¬ 
locks are provided which require grounding of the 
high-voltage parts before the doors can be opened 
The operation of the transmitter is controlled by 
means of circuits and relays associated with the 





STANDARD BROADCAST TRANSMITTERS 


369 



INiULATLD 

ANTENNA 

ANT CNN A 
ammeteh 


HUNT EXCITED 
ANTENNA 


switches mounted on the front panel of the control 
unit. The transmitter may be started and stopped 
by means of these control switches. The operating 
condition of the various circuits is indicated by a 
group of signal lights. 

10-9a. Electrical Characteristics 

1. Amplifier Circuit, The use of the Doherty 
amplifier circuit increases the efficiency of the 
power amplifier stage 100%—from the 30% usually 
obtained to 60%;—resulting in a reduction in plate 
dissipation which minimizes tube cooling require¬ 
ments, increases stability, permits savings in space, 
and provides substantial economies in operation. 

2. Frequency Response, Flat within +1 db 
from 30 to 10,000 cps. 

3. Audio Input Level Program level about + 12 
vu (16 milliwatts). Level of single frequency for 
100% modulation: + 18 vu. 

4. Stabilized Feedback, This feature controls 
harmonic distortion and noise, provides high-fidelity 
performance in accordance with the accepted stand¬ 
ards in this respect, and makes satisfactory a-c 
operation practicable with resultant savings in 
space, and expense by eliminating motor generator 
sets. This stabilized feedback is automatic in op¬ 
eration and independent of transmitter operating 
adjustment. 

5. Distortion, A typical value of rms (or rss) 
audio-frequency harmonic distortion in the fre¬ 
quency range of 50 to 5000 cps does not exceed 4% 
at 85% modulation or 5% at 100% modulation. 

6. Modulation Capability, The ability to take 
high program levels is another feature included in 
this equipment. The amplifiers are designed to 


carry over 100% modulation peaks without program 
interruption or damaging effect to circuit compo¬ 
nents or tubes. This ability is a direct result of the 
continued development anti research in low-level 
modulation systems and the associated over-all stabi¬ 
lized feedback circuits. 

7. Noise Level, The rms (or rss) noise level of 
this equipment is 60 dh unweighted. 

8. Harmonic Radiation. No radio-frequency 
harmonic greater than 0.03% (voltage) of the fun¬ 
damental is radiated. This corresponds to better 
than 70 db below the output at the fundamental 
frequency. 

9. Method of Modulation, Low level grid-bias 
modulation. 

10. Frequency Stability, Carrier fretiuency is 
maintained well within 10 cj)s of the assigned fre¬ 
quency by means of low-temperature-coefficient 
quartz plate mounted within a temperature-controlled 
chamber. 

11. Antenna Coupling, Antenna coupling units, 
which must be ordered .separately, are available to 
couple this transmitter into a single shunt-fed or 
series-fed antenna or in conjunction with antenna 
control equipment into a multiple unit array. 

IQ-Qb. Description of Apparatus 

1. General, The apparatus constituting the audio- 
and radio-frequency circuits of the transmitter is 
mounted in two units which, with a third unit con¬ 
taining the control apparatus, are mounted together 
to form a continuous panel front. The high-voltage 
transformers, rectifier unit, filter choke coil and 
condensers, and the power-distribution unit afre lo¬ 
cated within an enclosure or room to the rear of 
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the main panel assembly. The water-cooling equip¬ 
ment (405A-2 R.T.E.) is located outside of this 
enclosure in any convenient location. 

To facilitate reference to particular pieces of 
apparatus, each piece is designated by a combination 
of two letters with a numeral between them, such as 
C3A. These designations are used throughout the 
text of this instruction bulletin and on the drawings. 
In the units of the transmitter these designations 
are marked either on the piece of apparatus itself 
or adjacent to it. The first letter of the designation 
indicates the type of apparatus. For example, a 
condenser is designated by the letter “C.” The 
number distinguishes between pieces of apparatus 
of the same type located in each unit. The last 
letter refers to the unit in which the apparatus is 
located. The letters designating the several types 
of apparatus are: 

BL—Bell 
C—Condenser 
CB—Circuit Breaker 
D—Switch 

AD—Air Flow Relay 
WD—Water Relay 

E—Indicator or Meter Lamp 

F—F use 

G—Spark Gap 

J—Jack 

L—Inductance 

K—Key (i.e. a switch) 

M—Meter 
M B—Motor-Blower 
MP—Motor-] *ump 
PR—Protector 
R—Resistance 
S—Relay 

T—'Fransformer or Regulator 
TC—'I'herniocouple 
TD—Water Temp. Alarm 
V—Vacuum 1'ube 
VS—Vacuum Tube Socket 
X—Rcctox Rectifier 
W—Door Lock 
Z—Water Valve 

The letters assigned to the units and assemblies 
of apparatus are: 


Unit 

405A-2 

4(KS-B2 

Equipment Unit 

A 

I)-151215 

1)-151215 

Oscillator Amplifier 

C 

l).151239 

0-151218 

Power Amplifier 

CD 

I).151164 

1)-I5n64 

Control Desk 

F 

D-151238 

D-151219 

Control Unit 

G 

D-15t224 

0-151224 

High Voltage Rectifier 


(or n-99114) 

(or 0-99114) 


K 

D-151224 

0-151224 

Bias Rectifiers 


(orD-99114) 

(or 0-99114) 


P 

None 

None 

Power Apparatus 

W 

None 

None 

Water System 


None 

None 

Air Cooling System 


2. Main Transmitter Assembly 

The three transmitter units in the main panel as¬ 
sembly are in the form of metal cabinets with doors 
in front providing access to the interior. The con¬ 
tents of the individual units are briefly summarized 
below: 

D-151215 Oscillator Amplifier (Unit A): This 
unit provides for two 702A oscillators and a switch 
permitting cither oscillator to be switched into 
service. The two-stage radio-frequency amplifier, 
and the two-stage audio-frequency amplifier are also 
in this unit. It also contains a grid-bias modulator 
and separate rectifier circuits for plate supply and 
grid bias. 

D-151229 or D-151218 Power Amplifier (Unit 
C) : This unit contains the high-eflicicncy 5-kilowatt 
radio-frequency power amplifier using two water- 
cooled or air blast cooled vacuum tubes with the 
necessary tuning and phasing circuits, a harmonic 
filter, filament current transformers and regulators 
and a radio-frequency protective rectifier. The co¬ 
axial transmission line to the antenna connects di¬ 
rectly to the output of this amplifier. In the 
405B-2 equipment, the D-151218 power amplifier 
unit also includes the motor blower and other air 
cooling equipment. 

D-151238 or D-151219 Control Unit (Unit P): 
The major elements of the control system which 
supplies power in the proper sequence to the various 
parts of the entire radio transmitting equipment, 
together with the signal lamps and their associated 
relays, are located in this unit. 

3. Additional Equipment in Main Enclosure 

The following apparatus is assembled in the rear 
of the main panel line-up and protected by the en¬ 
closing partitions: 

D-151224 (or D-99114) Rectifier (Units G and 
K): In this assembly are mounted the seven high- 
voltage mercury-vapor rectifier tubes (one spare, 
which is kept heated at reduced filament voltage) 
which comprise the three-phase rectifier supplying 
plate potential to the power amplifier tubes. Two 
single-phase full-wave rectifiers mounted on indi¬ 
vidual panels also located in this unit supply grid- 
bias potentials to the two power amplifier tubes. 

Penver Distribution Unit (DP5P): This unit 
contains contactors, disconnect switches and cir¬ 
cuit breakers for the various 230-voIt circuits of the 
transmitter. 

Voltage Regidator (T2P): This unit is an auto¬ 
matic regulator controlling a constant potential a-c 
bus in the power distribution unit from which all 
power for the transmitter is derived. In certain 
cases, at the customer’s option, a manually operated 
regulator may be supplied, instead of an automatic 
regulator. 

Plate Transformer (TIP): This equipment con¬ 
sists of three single-phase high-voltage plate-supply 
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Fig. 10-13. The power apparatus as.semWy of the Western Electric 405B-2 5-kw radio broadcast transmitter. 
This equipment is installed in a protective enclosure behind the transmitter. 


transformers, mounted in one case and connected to 
the three-pliase regulated 230-volt supply. These 
transformers have taps on their primary windings 
by which the rectified plate voltage may be changed 
through relay action from the control unit for full 
power or reduced power output. All primary and 
secondary taps and leads are brought to the outside 
of the case making it possible to disconnect any one 
of the transformers and run the nemaining two in 
open delta. 

Plate Supply Filter {LIP and FC5P) : The power 
amplifier plate supply is filtered by the retard coil 
LIP and the condenser assembly FC5P which are 
located within the enclosure near the rectifier. The 
condenser assembly contains, in addition to the high- 


voltage filter condenser, its charging resistor and 
associated contactor and the plate voltmeter multi¬ 
plier and protector. 

4. Equipment Outside Main Enclosure 

Water Cooling Equipment (W) (405A-2 R.TJL 
Only): The water cooling equipment consists of a 
system of metallic and ceramic piping, througli 
which water is circulated to the two water-cooled 
tubes, and a means of circulating and cooling the 
water consisting of a water pump, an air-blast radi¬ 
ator with its blower motor, a storage tank and the 
necessary valves and fittings. 

0-151164 Control Desk (Unit CD): This unit 
provides a volume indicator, monitoring amplifier, 
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modulation and antenna current meters, keys and 
attenuators for controlling various audio inputs, and 
remote control switches and indicating lamps for 
operating the transmitter. 

Antenna-Coupling Unit (E'): This unit is not 
generally supplied as part of the radio transmitting 
equipment. The type of antenna-coupling equip¬ 
ment depends on whether the antenna is of the 
series or shunt excited type. A separate instruction 
bulletin is furnished with the antenna-coupling 
equipment. 

lG-9c. Power Supply and Control Circuits 

1. Power Circuits, The 230-volt, three-phase 60 
(or 50) cycle power for the operation and control of 
the transmitter is fed to the various circuits through 
the power distribution panel (DP5P) located be¬ 
hind the control unit. 

There are no door switches on this panel; it may 
be opened at any time without disturbing the opera¬ 
tion of the transmitter. All circuit breakers are of 
dead-front construction. 

The power for operation of all the transmitter 
circuits is supplied through the induction rcguliitor 
T2P, the input of which is connected through CBIP, 
designated *'230 v. supply,” and terminals 4, 5 and 6. 
This regulator automatically maintains a voltage of 
230 volts ± 1 percent on the busses connected to 
terminals 7, 8 and 9, provided that the supply voltage 
remains at all times within the limits 205-250, and 
that there are no rapid variations within these 
limits. The supply voltage on each phase before 
and after regulation is measured by voltmeter MIF, 
designated power supply volts, in the control unit 
using the power supply voltmeter switch D6F. 

To the regulated busses are connected the circuit 
breakers listed below which control the several cir¬ 
cuits of the equipment. 

CB2P—“Reg. Motor”—Protects the motor cir¬ 
cuit of the induction regulator T2P. 

CB3P—“Control Circuit”—.Supplies power to the 
control unit through which all circuits of the 
transmitter are controlled. 

CB4P--*‘P.A. Fil.”—(and the relay S2P)—Con¬ 
trol the application of power to the filaments of 
the power amplifier. 

CB5P—is a spare circuit breaker having a blank 
designation plate. 

CB6P—“Cooling .System”—(and the relay S5P) 
— Protect the circuit which supplies power to 
the pump motor MPIP and the blower motor 
MB IP (405A-2 R.T.E.), or the blower motor 
MOIC (405B-2 R.T.E.). 

CB7P—"Osc. Amp. Unit”—(and the relay S3P) 
—Control the power to the oscillator amplifier. 

CB8P—“P. A. Bias”—(and the relay S4P)— 
Control power to the plates of the two bias 
rectifiers in the rectifier unit. 


CB9P—“Rect. Fil.”—(and the relay S6P)—Sup¬ 
ply power to the filaments of the plate and the 
two bias rectifiers in the rectifier unit. (See 
Figure 10-14.) 

CBIOP—Motor-operated circuit breaker located 
in the lower compartment of the power distri¬ 
bution panel DP5P which controls the applica¬ 
tion of power to the high-voltage plate rectifier 
circuit. This motor-operated circuit breaker 
contains magnetic and thermal trips in addition 
to the no-voltage trip coil which is de-energized 
by the action of any of the over-load relays 
associated with the water-cooled tubes. Power 
controlled by this breaker is supplied to the high 
voltage rectifier transformer TIP through 
either relay S7.1P or S7.2P which .select pri¬ 
mary taps of the transformers making two 
values of rectified voltage available for full and 
reduced power operation. 

2. High-Voltage Filter Circuit, The high-voltage 
retardation coil LIP is located with the high voltage 
condenser assembly FC5P behind the power ampli¬ 
fier unit. This apparatus serves to filter the noi.se 
from the high-voltage supply to the plates of the 
power tubes. The condenser assembly FC5P is pro¬ 
vided with a rcsi.stance R2P which prevents the 
condensers CLIP and C1.2P from drawing an ex¬ 
cessive charging current when the rectifier is 
started. The contacts of relay SIP short circuit 
this resistance when sufficient time has elapsed to 
allow the condenser to charge to the operating 
voltage. 

The plate voltmeter multiplier RIP and the volt¬ 
meter protector PRIP are al.so mounted on this 
assembly. 

3. High Voltage and Bias Rectifiers, Figure 
10-14. The plate rectifier circuit of this assembly 
contains the six mercury-vapor tubes VIG to V6G 
inclusive, connected in a three-phase full-wave cir¬ 
cuit. The tubes convert the three-phase high- 
voltage power furni.shed by transformer TIP into 
unidirectional current which, after being filtered 
(by LIP and FCSP), .supplies the plate current of 
the two power amplifier tubes. The seventh tube 
V7G is kept in operating condition by heating its 
filament at a reduced voltage obtained through rc- 
si.stances R3G and R4G. In case of failure of any 
of the other six tubes, this tube may be substituted, 
since it is ready for instant operation. 

An overload relay SIG connected across the cur¬ 
rent shunt RIG is provided to indicate excessive 
current drawn from the rectifier and to open the 
high voltage circuit breaker. The operate point of 
this relay may be adjusted by means of resistance 
R2G. 

Protection from accidental contact with the high- 
voltage circuits of the rectifier and other apparatus 
within the main enclosure is afforded by the me¬ 
chanically interlocked switches DIG, D2G and D3G 
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which are operated by a hand wheel located at the 
enclosure gate. When operated to open the gate, 
D3G opens the circuit of the transmitter gate 
switches, which in turn opens the high-voltage cir¬ 
cuit breaker; DIG then grounds the high-voltage, 
supply circuit to the rectifier and also the output 
circuit of the rectifier; and finally D2G energizes 
the circuit of the transmitter door locks. 

Two similar single-phase full-wave rectifiers, each 
using two mercury-vapor tubes, are mounted in this 
assembly. They supply grid-bias potentials sepa¬ 
rately to the two vacuum tubes of the power 
amplifier. 

One of these rectifiers, consisting of tubes VIK 
and V2K and associated equipment, supplies a po¬ 
tential of approximately 450 volts when the trans¬ 
mitter is operating at full power of 5 kw (350 volts 
at reduced power of 2.5 or 1 kw) for biasing the 
grid of tube V2C. These voltages are adjustable 
by secondary taps on transformer TIK and sliders 
on the resistances RIK and the reduced voltage is 
obtained by the action of relay SIK controlled by 
switch DOF in the control unit. The resistance 
R6K is a voltmeter multiplier and PR2K is the volt¬ 
meter protector. 

The other rectifier, consisting of tubes V3K and 
V4K and associated equipment, supplies a potential 
of approximately 300 volts, when the transmitter is 
operating at full power of 5 kw (300 volts at re¬ 
duced power of 2.5 kw, or 275 volts at 1 kw) to the 
grid circuit of VIC. These voltages are also ad¬ 
justable by sliders on R2K and the reduced voltage 
is obtained by the action of relay S2K controlled 
by switch D9F. 

4. Control Unit and Control Circuits. The con¬ 
trol unit is the center of the control circuits which 
extend throughout the system. Hiis unit provides 
independent control of the oscillator amplifier, of 
the cooling system and amplifier filament circuits, 
and of the rectifier tube filaments and bias rectifiers, 
"i'he high-voltage control is interlocked with these 
branches. With this control circuit, preheating of 
mercury-vapor rectifier tube filaments and testing 
and servicing of the various components of the 
transmitter may be done without sacrificing any 
protection of the equipment or operating personnel. 

5. Oscillator-Amplifier Filament Control, Clos¬ 
ing DlOF, OSCll.l.ATOR-AMPLIFIER FILAMENTS Sup¬ 
plies 230 volts through terminal 5F to terminal 20 
of the power-distribution panel DP5P. This ener¬ 
gizes contactor S3P which supplies power from ter¬ 
minals 18 and 19DP to the oscillator-amplifier ter¬ 
minals 3A and 4A. D2A and D3A are normally in 
the “on” position so that filament transformers 
T2A, T3A, T4A and T12A are energized. 

6. Cooling System and Pozver Amplifier Filament 
Control, Closing D2F cooling system supplies 230 
volts through terminal 9F to terminal 53DP, thus 
operating contactor S5P and supplying power to the 
water-circulating pump and radiator blower motor 


(405A-2 R.T.E.) or the blower motor in the Unit C 
(405B-2 R.T.E.). 

Closing D2F also supplies 230 volts to a contact 
and to one side of the coil of relay SIF. The other 
side of this coil is connected through terminal 12F 
to a contact of the water-flow relay WDIW or air 
flow relay AD 1C which, when operated by the water 
or air flow, completes the circuit of SIF to the 
return side. With SIF operated, the control circuit 
is continued through the contacts of SIF to switch 
D3F— AMPLIFIER filaments. 

With D3F in the on position, the control circuit 
through terminal 17F and terminal 16DP operates 
contactor S2P, energizing the filaments of the power 
amplifier. 

7. Rectifier Filaments, Bias Plate and Bias Delay 
Control. Closing DIF rectifier filaments sup¬ 
plies 230 volts through terminal 23F to terminal 
32DP and operates contactor S6P to energize the 
rectifier filaments and relay S18F which insures the 
actual energization of the filaments before power 
is applied to the rectifier plate-voltage control- 
circuit. The 230-volt circuit is continued through 
the auxiliary contacts of S6P and the contacts of 
S18F to terminals 33DP and 24F, operating hour 
meter M5F and lighting E5F— rectifier fila¬ 
ments. Delay relay S2F is energized, and through 
LIF 115 volts is supplied to terminals 1 and 2 of 
S16F. A detailed description of the operation of 
S16F, which controls the reheating of the rectifier 
tubes in case of power failures, is given under the 
paragraph “Power Interruptions.” Under original 
starting conditions S16F will operate, closing the 
contacts connected to its terminals 3 and 4 about 18 
seconds after S16F is energized. Three minutes 
after S2F is energized, its contacts close and operate 
S3F. The control circuit continues through the 
contacts of S2F and S3F in parallel, then through 
the contacts of S16F to relay S4F which locks itself 
up from a point on the control circuit ahead of the 
contacts of S2F. KIF, a momentary-contact push 
button is bridged from ahead of the S2F contacts 
directly to S4F and may be used to operate S4F 
instead of waiting for the delay relays to perform 
that function. The control circuit continues 
through the other set of contacts of S4F to light 
ElOF rectifier filament delay and then goes to 
DllF oscillator amplifier control. 

8. Oscillator-Amplifier Bias and Plate Control, 
With DllF in the operate position, the circuit is 
connected through terminal 30F to terminal 6A, 
through the oscillator-amplifier door switches 
D9.1-9.4A and terminals 7A to 31F, and through 
D1 IF again to 32F. Door switches for the antenna¬ 
coupling unit are connected between 32F and 33F. 
From terminal 33F the control circuit continues 
through the door switches in the power amplifier 
unit, the rectifier unit and the high-voltage rectifier 
grounding switch, then returns to the control unit 
at terminal 36F. From terminal 36F one branch is 
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connected through DllF in the operate position to 
terminal 26F, then through terminal 10A to relay 
S2A, which applies power to the plate circuit of the 
bias rectifier in the oscillator-amplifier. The con¬ 
trol circuit also passes from terminal lOA through 
the plate-voltage switches D4A and D5F to the relay 
S3 A, which operates through contacts on S2A. 
Thus, if S2A has operated, supplying grid bias to 
the amplifier tubes, the contacts of S2A and S3A 
are closed, supplying power to the high-voltage 
transformer of the plate voltage rectifier. Over¬ 
load protection of the oscillator-amplifier power 
tubes is effected by relay S7A, which is operated 
by excess plate current through R85A and is locked 
up by voltage from the bias rectifier circuit. Op¬ 
eration of S7A closes contacts, short circuiting the 
winding of S3A, thus removing power from the 
])late rectifier circuit. It should be noted that in 
case of an overload on the 1500-volt output of the 
plate rectifier in Unit A, relay S7A will not operate, 
but fuse F3A may blow. In this case plate volt¬ 
meter MSA will continue to read the voltage differ¬ 
ence between the two positive outputs of the rectifier 
(about 1500 volts). 

9. Power Amplifier Bias Control, The other 
branch of the control circuit from terminal 37F is 
connected through 43F and 23D]^ to the contactor 
S4P, the operation of which energizes the plate 
circuit of the bias rectifier, thus supplying grid 
potential to the power amplifier. 

10. Potver Amplifier Plate Potential Control. 
The control circuit for operation of the power am¬ 
plifier plate-supply rectifier is common with the 
power amj)lifier filament control from D2F through 
SIF. D3F and S2P. At this point the circuit is 
connected through the auxiliary contacts of S4P to 
terminal 53F. This interlocks the control of the 
high-voltage plate sup})ly with that of the filament 
and bias supplies. 

From 53h' the circuit is connected through the 
HIGH VOLTAGE RECTIFIER svvitcli, D4F, to terminals 

56F, 57F, 63F and 52DP and thence to one side of 
the motor which operates circuit breaker CBIOP. 
Operation of this breaker applies voltage to one 
side of each of the three-phase windings of the 
high-voltage plate-supply transformer. 

From 57F control voltage also energizes SI OF, 
the contacts of which close the 24-volt d-c supply 
circuit to the under-voltage release coil of the 
circuit breaker. After the breaker is closed, cur¬ 
rent through this coil holds the breaker closed. 

The closure of CBIOP, or its reclosure after an 
overload or under-voltage has tripped it, is con¬ 
trolled by relays S8F, S9F, and the reclosure relay 
S12F. The control circuit from 57F applies volt¬ 
age to one contact of S8F and one side of S12F, 
and through a back contact in S12F to 58F and 
thence to 59F through an auxiliary switch in the 
circuit breaker which is closed when the circuit 
breaker is open. From 59F, relay S8F is ener¬ 


gized through the back contact of S9F. Relay S8F 
locks up through one contact and through the other 
contact energizes S12F and the circuit breaker 
closing motor through tenninal 62F. (Note: If 
S8F fails to lock up make sure that its contacts 
operate in the sequence as noted on Figure 10-15.) 
S12F latches up. When the circuit breaker closes, 
its auxiliary contacts close, connecting terminals 
60F and 61F to the return side of the control 
circuit. Through 61F, relay SOh'' is energized; 
S9F locks up through the make contact and de¬ 
energizes S8F through the break contact. When 
S8F releases, the motor mechanism on the circuit 
breaker and the operate coil of S12F are de¬ 
energized and SOF is released. Through 60F, re¬ 
lays S13F and SHF are energized. SHF extin¬ 
guishes lamp E27F, circuit breaker open, and 
completes the circuit of S50F to the positive of the 
24-volt relay circuit. S13F is a delay relay, after 
2 seconds it operates to energize SIP, the contacts 
of which short circuit the charging resistance in 
series with the rectifier filter condenser. E26F 
CIRCUIT BREAKER CLOSED, is energized through 6()F 
as is the timing motor in S12F. If the breaker re¬ 
mains in the closed position for a period eijual to or 
longer than the pres(*nt adjustment of the timing 
motor, the release coil in S12F will be energized 
and restore S12F to normal. If for any rea.son 
the circuit breaker is tripf)eil by the overload circuit 
the above closing seijuence is again started by the 
auxiliary contact of the breaker between 58F and 
59F. if, however, the breaker is tripped out before 
the timing motor resets S12F, the breaker will re¬ 
main open until the manual jiush button K2I", ciR- 
CTHT BREAKER RECLOSE, is operated to energize S8F. 

11. (h’erload Tripping Circuit. The iilate cir¬ 
cuit breaker, CBIOP, is equipped with both instan¬ 
taneous and inverse time a-c tripping elements as 
well as the d-c under-voltage release coil. In case 
of large overloads such as those caused by arc-backs 
in the rectifier tubes, the a-c trip elements open the 
breaker directly. 'J'he under-voltage release coil is 
supplied from the 24-volt rectifier XIF through the 
series resistance R31F, The armatures of the over¬ 
load relays, SIC, S2C and SKi are connected to 
the positive side of the 240 volt supply. The make 
contacts of these relays are connected across the 
under-voltage release coil so that the operation of 
an overload relay short circuits the coil, thus trip¬ 
ping the breaker. The back contacts on the over¬ 
load relays connect to holding windings of associ¬ 
ated lamp relays, the circuits of which arc com¬ 
pleted by contacts to the negative side of the 24-volt 
supply. The operate windings of the lamp relays 
are connected to the -f 24 volts bus on one side and 
return to the negative side of the supply through 
LAMP RESET key K3F. The lamps are energized 
from the secondary of T2F through the lamp con¬ 
tact of each relay. This circuit thus provides that 
an overload in the power amplifier or plate rectifier 
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Fig. 10-15. Water cooling system (405A-2 e(iuipinent). 


will trip the circuit breaker which supplies power 
to the plate rectifier and will extinguish a corre¬ 
sponding overload indicating lamp. 

12. Reduced Pmver Control. As previously 
stated, the operation of the circuit breaker CBIOP 
supplies the 230-volt, three-phase regulated power 
to one side only of each of the three primary wind¬ 
ings of the plate-supply transformer, TIP. The 
circuit to this transformer is completed through 
either contactor S7.1P or S7.2P, depending on the 
operation of switch D9F to reduced power or 

FULL POWER. 

In the FULL POWER position the control circuit 
passes through 42F, 14K and the back contacts of 
relays S2K and SIK in series to contactor S7.2P, 
which operates and completes the power circuit to 


the primary windings of TIP through taps which 
give full plate voltage. Another set of back con¬ 
tacts on S2K and SIK close the grid-bias circuits 
of the two power amplifier tubes, VIC and V2C, to 
the full negative voltage taps on R2K and RIK, re¬ 
spectively, which are load resistances of the bias 
rectifiers. 

In the REDUCED power position of D9F, the con¬ 
trol circuit is carried through terminals 41F and 
13K to the windings of SIK and S2K and through 
the windings to the return circuit. The relays are 
thus operated, completing the control circuit 
through make contacts of each relay to contactor 
S7.1P, which operates and transfers the connections 
to the primary windings of TIP to taps which give 
I educed plate voltage. Other make contacts on SIK 
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and S2K close the grid-bias circuits of the power 
amplifier to reduced voltage taps on R2K and RIK. 
In the REDUCED power position of D9F, relay S17F 
is also operated, supplying 24-volt power through 
terminals 39A and 40A to relay S9A, operation of 
which reduces the speech input and bias on the first 
radio-frequency amplifier tube. 

13. Pozver Interruptions. When the rectifier fila¬ 
ment circuit is energized, 230 volts from the control 
circuit is applied to auto-transformer LIF, which 
in turn supplies 115 volts to terminals 1 and 2 of 
S16F. Rectox RFl and condenser CT then pro¬ 
vide a d-c voltage across voltage divider R3. Con¬ 
denser C2 starts charging through Rl. When the 
voltage across C2 reaches the proper value, VI 
breaks down and starts conducting between the two 
principal electrodes. As soon as the tube starts 
conducting there will be a conducting path estab¬ 
lished from the third electrode to one of the main 
electrodes. Relay SI, in series witli this third elec¬ 
trode, will operate and close its contacts connected 
to terminals 3 and 4. 'Fhe back contact renuwes an 
equivalent load from the circuit when the relay is 
energized. If S16F is de-energized, C2 will dis¬ 
charge through Rl and R3 and for a very short time 
ill maintain a current between the electrodes 
through R2. If voltage is reapplied while the con¬ 
denser is still at sufficient voltage to be maintaining 
the current between the electrodes through R2, relay 
SI will operate immediately. If, however, C2 has 
discharged to such a value that the tube is no longer 
conducting between the electrodes when the power 
is reapplied, C2 must be recharged to the value 
necessary to break down the tube. 'Fhe time re¬ 
quired to recharge C2 will be a function of the 
length of time C2 has been discharging. Hence, 
the delay in the operation of SI will be propor¬ 
tional to the length of time power is off. If C2 is 
completely discharged the delay on SI will be ap¬ 
proximately 18 seconds. If the power interruption 
occurs after VI has broken down, V2 will maintain 
the conduction in the tube for about one-half second. 
If the power is reapplied during this half-second. 
SI will operate immediately. For any other condi¬ 
tion of charge on C2, there will be up to 18 seconds 
delay in the closing of SI. 

S16F is energized at the same time as S2F. S4F 
is operated through the contacts of S16F and S2F 
in series. When S16F and S2F are energized, 
S16F wdll close its contacts in about 18 seconds. In 
about 3 minutes, S2F will operate and energize S4F 
which locks up. S3F is also operated. In case of 
a power interruption, S4F and S2F will release. 
However, S3F whose contacts are in parallel with 
S2F, will not release for a period of about seven 
seconds. If power is reapplied during this seven- 
second period, S3F will be locked up and S16F will 
be operated after the delay explained above. As 
soon as S16F operates, S4F will lock up and the 
transmitter will be restored to operation. If the 


power interruption is longer than the seven-second 
period the full delay for the operation of S2F is 
required before S4F is locked up. Thus, for power 
interruptions up to about seven seconds, the delay 
for reheating the rectifier filaments is controlled by 
S16F, and the delay is proportional to the length 
of power interruption. 

14. Radio-Frequency Protective Circuit. The 
operation of the radio-frequency protective circuit 
is accomplished by relays S3C and SIOA. The ad¬ 
justment of this circuit is described in the section 
covering the power amplifier. Relay S3C operates 
to close its contacts when any change occurs to dis¬ 
turb a balance between the input and output circuits 
in the power amplifier. The contacts are in series 
with the winding of relay SIOA, protective cir¬ 
cuit switch D12F, and the 24-volt source. The 
operation of SIOA closes one pair of contacts which 
increases the bias on V^IA and thus blocks the 
output from the oscillator. 7'he back contacts of 
SIOA are opened, taking power off the lamp relay 
S51F. 

15. Oscillator-Amplifier Testing Control. If it 
is desired to operate the oscillator-amplifier unit for 
testing or servicing, switch DllF may be thrown 
to the TEST position. This acts to open the door- 
switch chain in so far as the operation of the con¬ 
trol circuit of the rest of the eciuipment is concerned. 
Power for the control of the unit is then taken from 
the power supply to the oscillator-amplifier. From 
5A, one side of the 230-volt supply is connected 
through 28F, DllF* and 3()F' to 6A, through the door 
switches D9A to 7A, 31F, DllF and 29F to 25F 
and 13A to S2A. The other side of S2A returns 
to the other side of the 230-volt power supply 
through 261", DllF and 271". Operation of S2A 
applies power to the j)late circuit of the bias recti¬ 
fier. It also closes the circuit of relay S3A through 
R66A, 16A and the switches D5F" and D4A to 26F" 
and thence through DllF and 27F. Operation of 
S3A supplies power to the plate-voltage rectifier. 

With DllF in the te.st position, there is no auto¬ 
matic delay for the ])rotection of the rectifier tubes 
in the oscillator-amplifier. Be sure that the fila¬ 
ments of this unit are energized at least 15 seconds 
before the Plate Rectifier*' is turned on. 

Also, with DllF in the test position there is no 
protection against the oscillator-amplifier plate and 
bias potentials in the rear of this unit, since the door 
switch of the enclosure door has been disabled. 
Therefore, the operating personnel should not be 
permitted to conduct any work within the enclosure 
while DllF is in the test position. The purpose 
of this switch is only to permit the operation of 
the oscillator-amplifier ivithout energizing the other 
units of the equipment. 

16. Control Desk Circuits. The apparatus of this 
desk is mounted on three hinged panels, and *p*’0" 
vides the following facilities: 
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Panel 1 

Western Electric 754A Volume Indicator 
Western Electric 124E Amplifier (Monitoring:) 

Panel 2 

Extension meter (MlCD) for modulation moni¬ 
tor of speech-input equipment 
Volume Indicator meter (M2CD) 

Remove antenna or transmission-line ammeter 
(M3CD) 

Keys which function as follows: 

KICD—Switches the out|)Ut of the announcing 
microphone pre-amplifier into circuit, and 
cuts off monitor loud-speaker. 

K2CD—Switches the output of the transcrip¬ 
tion amplifier into circuit. May be left on 
with K1 to mix transcription and announcing 
microphone. 

K3CD—Switches into circuit either the K1-K2 
selection or audio oscillator tone for test 
purposes. 

K4C1)—Switches into circuit either the K3 
selection, or K5 selection. 

K5CD—Switches into circuit either of two 
program lines. 

K6CD—Switches input of monitoring amplifier 
between audio input and rectified output of 
radio transmitter. 

Attenuators to provide volume adjustments as 
follows: 

PI C'D—Announcing microphone 
P2C'D—Transcription 
P3C']-)—Lines from studio 
Receptacle (JICD) with cap, for announcing 
microphone 

Twin Jack (J2CD) for twin telephone plug 
Panel 3 

Power-supply circuits with switches (Dl- 
D5CD) and indicating lamps (El-ESCD) for 
one 220-volt and four 110-volt supplies (to 
tower lighting circuits, speech input equip¬ 
ment, etc.). One of the llO-volt supply cir¬ 
cuits is connected to the component monitoring 
amplifier. 

Remote-control switches and indicating lamps 
multiplied from Unit F. 

It will be noted that the microphone-transcription 
output is brought out to terminals 59 and ^ to 
permit the connection of an amplifier at that point, 
if desired. If not, strap terminal 59 to 57 and ter¬ 
minal 60 to 58. All speech circuits are 600 ohms 
impedance except the monitoring amplifier output, 
which is 8 ohms, and the announcing microphone 
circuit, which depends on the microphone used. 

Meter M3CD is operated from thermocouple 
TC2C in Unit C, connected to the transmitter output 
through a small variable conden.ser C31C. The 
reading of M3CD is adjusted to the correct value 
by varying C31C. 


The transmitter-control switches D6 to Dll CD 
inclusive on Panel 3 are three-way switches, func¬ 
tioning with those of corresponding nameplate 
designations on the control unit of the transmitting 
equipment. The full-reduced power transfer switch 
D12 is a DPDT switch, which in effect reverses 
the position of switch D9F of the control unit. If 
either D9F or D12CD is operated to change the 
power while the tran.smitter is on the air, the “osc.- 
AMPL. OVERLOAD RESET” button (K5F, or D13CD, 
re.spectively), should be held in while the transfer 
switch is thrown. 

10-9d. 405A-2 Water-Cooling System (Figure 

10-15) 

1. General, The water-cooling system of the 
405A-2 equipment is designed to maintain within 
safe operating limits the temperature of the power 
amplifier vacuum tubes VIC and V2C. The vac¬ 
uum tubes are cooled by the circulation of distilled 
water around their anodes. The water, in turn, is 
cooled by circulation through a radiator from which 
the heat is carried off by a fan-driven stream of 
air. The system, which is simple in principle and 
operation, consists of a water reservoir, a pump 
which circulates the water, a radiator, and a few 
convenient valves and protective devices. 

Because the vacuum-tube water jackets are at 
plate potential it is necessary to insulate them ef¬ 
fectively from ground. This insulation is provided, 
in so far as the water cooling system is concerned, 
by long lengths of ceramic tubing in the D-151239 
power amplifier leading the water to and from the 
tube jackets and is effective as long as the distilled 
water remains uncontaniinated. It is, therefore, 
important that, before operation of the vacuum 
tubes is attempted, any loose dirt or solder flux l)c 
completely flushed out of the system and nothing 
but high-grade distilled water be used for regular 
service. 

A constant check is kept on the effectiveness of 
the insulation of the water connections by the leak¬ 
age current meter (M8F) which indicates the cur¬ 
rent to ground through the water. This meter read¬ 
ing normally does not exceed 2.5 ma and the water 
system should be drained and refilled with clean 
water if the leakage current exceeds this value. 

The safety devices for the protection of the vac¬ 
uum tubes consist of an alarm-operating thermome¬ 
ter (TDIF), to warn of the approach of the water 
temperature to the maximum upper limit, and the 
water-flow indicator (WDIW) which serves auto¬ 
matically to disconnect the high-voltage and filament 
supplies to the tubes if insufficient water flows 
through the tube jackets. The water-flow indicator 
should be set to shut off at 5 gallons per minute. 

2, To Fill the System 

Close all except the following valves: 

Pump inlet valve ZIW 
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Pump outlet valve Z2W 
Jacket inlet valve ZIC 
Radiator inlet valve Z6W 
Radiator outlet valve ZllW 

Pour about 25 gallons of distilled water into the 
tank. 

Start pump and adjust throttle valve Z2W for a 
flow of 7 gallons per minute as shown on the 
water-flow indicator WDIW. 

Remove air from system by opening radiator vent 
cock Z7W until water appears there. 

If necessary add enough water to have one foot 
depth in tank with pump running. 

Z. To Jimpty System 

Stop pump MITW by opening switch DIW 

Open the following valves: 

Waste valve ZlOW 
Tank drain valve Z9W 
Amplifier drain valve Z3W 
Amplifier drain valve Z4W 
Radiator bypass valve Z8W 
Radiator vent cock Z7W 
Amplifier drain cock Z2r 

When system is empty, close the valves listed 
above. 

4. Adjustment of System 

For normal operation, the following valves arc 
kept full open: 

Pump inlet valve ZIW 
Jacket inlet valve Zl(' 

Radiator inlet valve Z6W 
Radiator outlet valve ZllW 
All other valves are kept closed except throttle 
valve Z2W, which should be adjusted for a 
flow of about 7 gallons per minute, or eiarngh 
to close relay contacts in indicator WDIW 
when indicator is adjusted to open relay con¬ 
tacts at 5 gallons per minute. The contact 
adjustment is accessible through a small hole 
in the front of the indicator protected by a 
swinging dust cover. The adjustment is 
made with a screwdriver. No readjustment 
should be required after the initial installa¬ 
tion setting. 

5. Precautions against Freezing. If the radiator 
is exposed to freezing temperature, the following 
simple precautions must be observed to guard 
against the freezing of water in the radiator. 

When the radiator is exposed to freezing tem¬ 
perature, do not circulate cool water through it and 
do not circulate hot water through it too slowly. 

When shutting system down in freezing weather, 
drain radiator quickly by opening vent cock Z7W, 
and drain cock Z12W and radiator bypass valve 
Z8W. When radiator is empty close radiator inlet 
valve Z6W. 

When starting in freezing weather, be sure that 
the radiator is empty, inlet valve Z6W and outlet 


valve ZllW are closed, and bypass valve Z8W is 
open. When the water temperature reaches 120 
degrees Fahrenheit, close drain cock Z12W, open 
radiator outlet valve ZllW and inlet valve Z6W, 
and close bypass valve Z8W and vent cock Z7W. 
Do not start the radiator fan until the water tem¬ 
perature again rises to 120° F and shut off the radi¬ 
ator fan if the water temperature falls below 70° F. 

In any weather, it is not necessary to run the 
radiator fan until water temperature rises to 100° F. 

6. Electrolysis Targets. Because an electric cur¬ 
rent, however small, is flowing through the water 
in the porcelain piping, there is a consequent trans¬ 
fer of metal from the high-voltage to the ground- 
voltage end of the system. To guard against this 
metal being taken from the water fittings them¬ 
selves, replaceable “Electrolysis Targets” are pro¬ 
vided at four fittings beneath and attached to the 
vacuum-tube sockets. ^J'hese hexheaded targets en¬ 
ter the pipe diagonally and are accessible from the 
front of the amplifier. They should be removed 
and inspected at intervals of about one month and 
replaced by new targets when necessary to insure 
that the target wire always extends into the adja¬ 
cent porcelain pipe beyond the fitting holding the 
target. 

1'he petcock Z3C at the upper end of the ceramic 
drain tube in the rear of the D-151239 power ampli¬ 
fier should normally be kept closed and the lower 
petcock Z3r kept open. In case dilliculty is experi¬ 
enced from sludge in the cooling system, Z2C 
should be connected to ground and closed, and the 
upper petcock Z3C opened, thus grounding the cen¬ 
ter point of the main water column through the 
water column between the upper and lower petcocks. 

'J'he iron fittings at the water entrance and exit 
of the power amplifier are for the purpose of insur¬ 
ing the collection of sludge at these t)oints. Con¬ 
siderable electrolysis will take place in these fittings 
and they should therefore be examined at proper 
intervals and replaced when necessary with new iron 
fittings using no j)ipe compound of any kind. In 
making such replacements great care should be used 
to avoid placing any strain on the porcelain piping. 
Otherwise, breakage is likely to result. 

Note: Those fittings and the close nipple above 
petcock Z2C are the only iron fittings or pipe to be 
used in the water system. 

10“9e. 405B-2 Air-Cooling System (Figure 
10-16 —In the 405B-2 equipment, the D-151218 
power amplifier contains a motor driven blower 
which draws air through a spun glass filter in the 
back of the unit, and forces it upward through a 
duct in which the 343A A tubes are mounted. The 
heat from the tubes is thus conducted out through 
the top of the unit into the room. A pressure oper¬ 
ated contactor ADIC operates to disconnect the high 
voltage and filament supplies to the tubes i^ the air 
pressure in the duct should fall helow the minimum 
necessary for proper cooling. 
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The motor and blower pulleys supplied are as 
follows: 

Two 7-inch pulleys, for blower 
Two 3.8-inch pulleys, for motor 
One 5.8-inch pulley, for blow'er 
One 5-inch pulley, for motor 

During the preliminary testing and adjustment, 
the 5.8-inch and 5-inch pulleys should be used. For 
regular operation these should be removed, two 
7-inch pulleys installed on the blower, and the two 
3.8 inch-pulleys on the motor, and two belts used, 
to avoid shutdown if one should break. By this 
arrangement, the blower is operated at a higher 
speed during the initial tests, which often reciuire 
more than normal heat dissipation from the tubes. 

10-9!. D->151215 Oscillator Amplifier (Figure 
10-17) 

1. Oscillators. The carrier frequency of the 
transmitter is supplied by either one of two 702A 
oscillators which are mounted in the slide-rail as¬ 
semblies in the upper compartment of the oscillator- 
ampliher unit. 

All connections to the oscillator units are made 
by means of spring contacts which engage when 
the units are properly inserted. 

Each oscillator contains the quartz crystal Yl, the 
vacuum tube VI, and associated circuits, and the 
temperature-control circuit consisting of the heater 
resistance R6 and thermostat TDl. 


The intermittent operation of the beater thermo¬ 
stat maintains the crystal at a constant temperature. 
Power for the heater is obtained through the trans¬ 
former T7A and is suppli(*d as soon as power is 
connected to the transmitter irrespective of its 
operation. Lamps El A and E2A indicate when the 
thermostats are closed and current flows in the 
healer circuits. 

Each oscillator is adjusted as a unit to the operat¬ 
ing frecjuency and will maintain its calibration well 
within ± 10 cycles. 

The radio-frequency output obtained from ter¬ 
minal 3 of each oscillator is connected to the “Os¬ 
cillator” switch D5A, which j)ermits connecting 
cither oscillator to the grid circuit of the first ampli¬ 
fier tube. Plate supply for the oscillator is also 
connected through this switch and is obtained from 
a slider on resistance R62A. 

2. first Radio-Frcqncncy Amplifier Stage. The 
radio-frequency input voltage to the first amplifier 
tube VIA is impressed across resistance R3A. 
Condensers CIA and C2A provide radio-frequency 
paths to the cathode of VIA and to ground. The 
output of this stage and thus the output of the 
transmitter is controlled by changing the setting of 
the RF OUTPUT control R4A which varies a bias volt¬ 
age applied to the grid of VIA through the resist¬ 
ances R47A and R3A. The potential drop in R4A 
is obtained through the reduced power adj. potenti¬ 
ometer R56A connected to the lowest slider on 
R61A. The plate of VIA works into the antireso- 
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nant circuit consisting of the inductance LIA in 
parallel with the variable condenser C5A which is 
tuned by the control plate circuit tuning vl. 
Condenser C4A provides the radio-frequency return 
path to the cathode of VIA. Plate potential of 
VIA is supplied through the tuning coil LIA, the 
choke coil L2A and resistance R6A from a slider 
on the resistance R60A in the rectifier load circuit. 
Screen voltage is obtained through R5A from a 
slider on R60A. Condenser C3A provides a radio- 
frequency bypass from screen grid to cathode. 
Plate current of VIA is measured by the potential 
drop across resistance R7A and is indicated by the 
TEST METER when the test meter switch DlOA is 
in position vl plate x20. “Plate Current” as meas¬ 
ured in this equipment indicates the total current 
from the tube cathode, a portion of which may flow 
to other elements of the tube than the plate, such 
as the grid and screen. 

3. Second Radio-Frequency Amplifier Stage. 
I'lic output of VIA is coupled to the grid circuit of 
the second amplifier tube V2A through the con¬ 
denser CT)A. Resistances R8A - and R^A provide 
a grid load and path for the negative bias which is 
obtained by the potential drop in the resistances 
RIOA^ and RllA, between cathode and ground. 
Grid current in this lube is indicated by the potential 
drop across R8A and is obtained with the test meter 
switch in position v2 grid x5. Total space current 
is indicated by the potential drop in RIGA and is 
obtained with the test meter switch in position 
V2 PLATE xlOO. 

The plate of V2A works into the tuned trans¬ 
former L3A. The tuning is accomplished by the 
adjustable condenser ClOA, the control of which is 
designated plate circuit tuning v2. The cou¬ 
pling of this transformer is varied by the control 
designated ouTPirr coupling v2. A tap on L3A 
provides a connection through the conden.ser CllA 
and terminal 51 for a radio-frequency monitoring 
circuit. 1'hc secondary of L3A is tuned by induc¬ 
tance L5A and condenser CT4A. "i'his condenser 
(CT4A) is adjusted by the control designated out¬ 
put circuit tuning v2 and is shunted by the radio- 
frequency load resistance R93A. 

Plate potential for V2A is obtained from the 
upper strap on R60A through R13A, L4A and 
R90A, and the primary of I.3A. Screen-grid poten¬ 
tial is supplied through R12A from the lower strap 
on R60A. Condensers C7A, C8A and C9A provide 
radio-frequency bypasses to ground. 

4. Modtdating Amplifier. Resistances R93.1 A and 
R93.2A constitute the grid load of the modulating 
amplifier tubes V3A and V4A. The plate circuit 
consists of the anti-sing assemblies L19A, R83A, 
and L20A, R84A, one winding of the transformer 

2 Resi.stances R8A and RIGA are meter shunts of negli¬ 
gible re.sistance. 

2 Re.sistances R8A and RIGA are meter shunts of negli¬ 
gible resistance. 


L9A, the blocking condenser C19A, and the shunt¬ 
ing circuit LlOA, C51A and C20A. The control 
of C20A is designated plate circuit tuning 3rd 
amp. The secondary of L9A in series with the 
adjustable condenser C15A provides a neutralizing 
circuit, the control of which is designated neu¬ 
tralizing 3rd amp. 

A d-c fixed bias potential, which is in addition 
to the self-bias provided by resistors R19A and 
R23A, is obtained from a tap on R6SA. This fixed 
bias is fed through audio isolating choke L7A, the 
secondary of L3A, L5A and to the tube grids. L8A 
and C12A are a resonant radio-frequency bypass 
circuit which presents a high impedance to the 
audio-frequency modulating voltages. 

The modulating amplifier is modulated by varying 
the magnitude of its eflfective bias at audio fre¬ 
quencies acco»*ding to the program transmitted. 
The audio modulating voltage is applied between 
ground and the low radio-frequency potential side 
of the secondary of L3A. 

5. Audio Amplifier. 7'he amplifier which pro¬ 
vides the necessary audio-frequency modulating 
voltage has two resistance-coupled stages employing 
tube V6A in the first stage and tubes V7A and 
V8A in parallel in the second stage. The input to 
the first stage is the difference of two voltages, one 
the signal from the speech-input equipment through 
the input transformer TlOA across resistance 
R27A, the other a portion of the signal fed back 
from the output of the transmitter, demodulated by 
a full-wave rectifier V9A, and applied in series with 
the speech input voltage, through C23A and R48A 
to ground. The speech-input circuit consists of the 
input transformer TlOA, the resistance networks 
R73A to R82A, inclusive, and the contacts of relays 
S8A and S9A. The grid bias of tubes V6A, V7A 
and V8A is obtained by the potential drop across 
resistance (R30A, R38A and R42A) between each 
tube cathode and ground. Each tube space current 
is measured by the drop across meter .shunts R29A, 
R37A and R41A that are provided in the circuits. 
The output circuit of V7A and V8A is connected to 
the grid of V3A and V4A through C35A, rotor of 
L3A and L5A, so that audio-frequency power is 
connected to the modulated amplifier Cl3A and 
R44A connected in shunt wdth the audio load con¬ 
stitute an adjustable load. 

The radio-frequency rectifier tube VlOA associ¬ 
ated with its input transformer T9 A and output 
transformer Til A furnishes a means of audio¬ 
frequency monitoring by rectifying a portion of the 
power amplifier output. 

6. Power-Supply Circuits. The filaments of all 
vacuum and rectifier tubes in the oscillator-amplifier 
unit are heated by alternating current from trans¬ 
formers T2A, T3A, T4A and T12A. A single- 
phase full-wave rectifier employing mercury vapor 
tubes V12A, V13A, V14A and VISA with V16A 
as a spare supplies all screen and plate potentials. 
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The lower potentials are obtained from sliders on 
the potentiometers associated with the filter circuits 
of the rectifier. A single-phase full-wave rectifier 
employing high-vacuum rectifier tube VI1A supplies 
the fixed grid-biasing voltage for the modulated 
amplifier stage V3A and V4A. 

7. Preliminary Circuit Adjustment, Before ap¬ 
plying any power all d-c overload rcLays should be 
adjusted in accordance with Table 9 and protective 
gaps in accordance with lable 10. (Tables 1 to 
12 appear at the end of this section, pp. 394-396.) 

With the POWER and plate rectifier controls in 
the OFF position place vacuum tubes in their re¬ 
spective sockets according to Table 12. 

'Purn the powfji switch on and allow sufficient 
time for all vacuum-tube filaments to become prop¬ 
erly heated. For normal operation the heating time 
is automatically taken care of by delay circuits. 
However, the filaments of new mercury-vapor tubes 
should be heated at least fifteen minutes before the 
high voltage is applied. This preheating removes 
any particles of mercury adhering to the sides or 
elements of the tubes after shipment or handling, 
thus minimizing the possibility of flashovers. If, 
after such preheating, an arc-over occurs when the 
high voltage is applied, the high voltage should be 
removed, and the lieating period extended an addi¬ 
tional fifteen minutes. With the oscillator- 
amplifier CONTROL switch, DllF, of the control 
unit in the test position there is no automatic delay 
for the protection of the rectifier tubes. Under 
these conditions a filament heating time of at least 
fifteen seconds should he allozved before applying 
the plate voltage. 

After inserting the 702A oscillators and applying 
the heater power by placing the osc. Ii eater switch 
(DIA) in the “on” position, the indicator lights 
will be on continuously until the unit has reached 
the normal operating temperature (approximately 
60 degrees Centigrade) as indicated by the ther¬ 
mometer. When starting from normal room tem¬ 
perature this time should be approximately one 
hour. Thereafter the lights should be alternately 
“on” and “off” for periods of about thirty sec¬ 
onds, the exact time depending upon the ambient 
temperature. 

The resistance value of the rectifier surge limiting 
resistor, R68A, should be checked and adjusted, if 
necessary, for a value of 8 ohms. 1'he voltage taps, 
which are provided for the lower screen and plate 
voltages, should be checked before applying power 
to the unit. This can be done by removing the 
ground leads from R61A and R62A and the inter¬ 
connecting lead between the grounded ends of these 
resistors. The approximate values of the resist¬ 
ances are shown in Table 4. 

Make preliminary adjustments of the radio fre¬ 
quency circuits according to Table 3. 

In the following instructions for adjusting the 
oscillator amplifier, reference to controls will be 


made in accordance with the title provided on the 
controls. The following table shows the title of 
the control and the corresponding designation num¬ 
ber of the apparatus with which it is associated. 
Other apparatus will be referred to in accordance 
with its designation number. 

8. Outside Controls 


Apparatus 

Drstunatwn 

Number 

Control Title 

C.SA 

Plate Circuit Tuning VI 

ClOA 

Plate Circuit Tuning V2 

C14A 

Output Circuit Tuning V2 

C15A 

Neutralizing 8rd Amp. 

C20A 

Plate Circuit Tuning 3rd Amp. 

I)3A 

Power ON-OFF 

D4A 

Plate Rectifier on-ofi* 

D5A 

Oscillator No. l-No. 2 

DlOA 

'lest Meter (Rotary Swdtch) 

DllA 

Overload Reset 

L3A 

Output Coupling \'2 

R4A 

RF Output 


9, Inside Controls 

C12A KF By-pass Tuning 

DIA Osc. Heater on-om* 

I)2A Power Suppl\ Cct. Bkr. IN-OUT 

R48A Feedback Adj. 

R56A Reduced Power Adj. 

When circuit currents arc to be read on the test 
METER, current readings are obtained by multiplying 
or dividing the actual meter indication by the factor 
indicated by the setting of the test meter switch. 

The apparatus designation number and the corre¬ 
sponding title of meters on the oscillator-amplifier 
unit are as follows: 


Appatnlus 

DesiRnatwn 

Number 

Title of Meter 

M2A 

Test Meter 

M3A 

IMale Rectifier 

1VI4A 

Third Amp. IMate Current 

MSA 

Third Amp. Plate Circuit 

M7A 

Antenna Current 


10. First Radio-Frequency Amplifier Tuning. 
Resonance is obtained in all plate circuits by an 
adjustment for minimum d-c plate current of the 
tube whose tuned output circuit is being adjusted. 
In tuning any of the radio-frequency circuits care 
should be taken that no circuit is tuned to the 
second harmonic of the fundamental frequency. 
Should two points of resonance be found wdth coil 
setting specified, the one at which the capacitance 
of the variable condenser is maximum is the correct 
adjustment. This will correspond to the point of 
higher dial reading and higher output current. 

Before applying plate voltage open links D6A, 
D7A and D17A. 

Caution: When links D6A and D7A arc open and 
the plate rectifier switch is opened, sufficient 
time must be allowed for the high-voltage con¬ 
densers to discharge before working on any 
apparatus. The condition of the charge may be 
noted by observing the plate rectifier meter. 
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If switch DllF is in the test position, no adjust¬ 
ment of the apparatus in the oscillator-amplifier 
should be made without first placing the plate 
RECTIFIER switch in the off position and also 
opening one of the front doors of the unit to 
remove the bias potential. 

Place the plate rectifier switch in the on posi¬ 
tion and the test meter switch on the vl plate x20 
position. With the rf output control set at about 
80 adjust the plate circuit tuning vl control 
until the test meter indicates a minimum, or until 
the TEST meter indicates a maximum when turned 
to the position v2 grid x5. 

11. Second Radio-Frcqnency Amplifier Timing. 
With the OUTPUT coupling v2 control set at zero * 
and the test meter switch on the v2 plate xlOO 
position adjust the plate ctkcttit tuning v2 con¬ 
trol until the test meter indicates a minimum. 
With the output couplinc; v2 control at approxi¬ 
mately 10 adjust the output circuit tuning v2 
control until the test meter indicates a maximum. 

12. RF By-pass Tuning. Remove plate power 
from the unit by placing the plate re("itfier 
switch in the off position. Place link switch D17A 
in position 1-4. This connects the radio-frecjuency 
rectifier circuit containing vacuum tubes V9A and 
VlOA to the radio freejuency by-pass circuit com¬ 
prising C12A and L8A through condenser C36A. 

Place the test meter switch in either the v9 
plate x20 or the vlO plate x20 position. Apply 
plate voltage by placing the plate rectifier switch 
in the ON position. Increase the output coupling 
v2 until a substantial indication is obtained on the 
TE.ST METER. Adjust RF PY-PASS TUNING Until the 
TEST METER indicates minimum current. Increase 
OUTPUT COUPLING v2 and readjust rf by-pass tun¬ 
ing until it is certain that the best adjustment has 
been obtained. 

This completes the preliminary adjustments of 
the second amplifier jilate and output circuits. 
Place the plate rectifier switch in the off posi¬ 
tion and set the rf output control on zero before 
proceeding with the neutralization of the third 
amplifier. 

13. Third RF Amplifier Neutralization. Discon¬ 
nect the lead between terminal 62 of Unit A and 
terminal 60 of Unit C. Connect the radio-frequency 
rectifiers V9A and VlOA in the tank circuit of the 
third radio-frequency amplifier V3A and V4A, by 
connecting link switch D17A in position 1-3. 
Check that D6A and D7A are open. Adjust the 
tap on LlOA which is associated with D17A for 
a number of turns above ground equal to about 15 
percent of the total active turns. Set the test 
METER switch on vlO plate x20. Close the plate 
rectifier switch, set rf output control at 100, and 

4 A careful check should be made to insure that when the 
“Output Coupling V2“ control is set at zero the coupling is 
really a minimum. 


adjust plate circuit tuning 3rd amp. control until 
an indication of resonance in the 3rd amp. plate 
circuit is indicated by a maximum in the test 
meter current. An adjustment of the active turns 
of LlOA and auxiliary fixed condensers C51.1A to 
C51.3A may be necessary to obtain the resonant 
condition. Use the rf output control if necessary 
to limit the test meter reading to 5 ma. 

Adjust the neutralizing 3rd amp. control until 
the TE.ST meter indicates a minimum, meanwhile 
increasing the rf output control to obtain a satis¬ 
factory reading on the test metfr. C'ontinue this 
adjusting until a minimum indication is obtained on 
the TEST MEIER witli the rf output control at a 
maximum. 

Next, readjust plate circuit tuning v2, output 
CIRC UIT tuning v2, plate ClKUtaT TUNING 3rD AMP. 
and ouTi'UT ^.oitpling v2 for a maximum indication 
on the TEST meter. Then readjust the neutralizinc; 
3Kn AMP. control until the test current meter indi¬ 
cates a minimum. This completes the neutralizing 
procedure for the third amplifier. Open the plate 
rectifier switch and clamp link D17A in an open 
position. Replace the connection between terminal 
62 of Unit A and terminal 60 of Unit C. Link 
D17A should be connected in position 1-2 only after 
the entire transmitter has been tuned and feedback 
is to be applied. 

14. Third RF Amplifier Tuning. Close links 
D6A and D7A and set the rf output control at 
zero. Adjust L13C, L14C, and C12C (inter-gkid 
coupling control) which are in the grid circuit of 
Unit C. (I'able 5 shows power amplifier coil and 
condenser adjustments for various operating fre¬ 
quencies.) Close switch D7C of Unit C. The tube 
filaments of the latter unit should be off during 
these adjustments. 

Close the plate rectifier switch and increase the 
RF OUTPUT control until the grid t.oad current 
meter CM4C) of Unit (' indicates between 65 and 
100 milliamperes. Check the tuning of the third 
radio-frequency amplifier by adjusting plate cir¬ 
cuittuning v3rd amp. for a minimum plate current 
as indicated by the 3rd amp. plate current meter. 
Increase the rf output control until grid load cur¬ 
rent meter of Unit C indicates a load current of 
between 70 and 110 ma, with the grid load resistor 
R5C set for 600 ohms (all units in circuit). 

Observe the phase relation of the two grid volt¬ 
ages of VIC and V2C of Unit C on a cathode-ray 
oscilloscope whose two pairs of plates are connected 
respectively to the grid v2 and grid vl jacks. A 
90° relation is indicated by an elliptical pattern with 
the axes of the ellipse horizontal and vertical. The 
phase may be varied by adjusting the grid circuit 
tuning control (Cl 1C). For proper operation a 
90° phase relationship must exist between the grid 
voltages of VIC and V2C. If a 90° relation is not 
obtained at any setting of grid circuit tuning, an 
adjustment of the turns of LUC is required. If 
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the best tuning is obtained with the grid circuit 
TUNING control at minimum, the number of turns 
of L13C should be reduced; if the best tuning is 
obtained with the grid circuit tuning control at 
a maximum, the number of turns of L13C should 
be increased. Inspection of the cathode-ray pattern 
is ordinarily facilitated if the sampling coils are so 
adjusted that the vertical deflection is somewhat 
greater than the horizontal deflection. Deflection is 
varied by adjusting the active turns on sampling 
coils L7C and L8C. 

After a 90® phase relationship has been satisfac¬ 
torily obtained between the grid voltages of VIC 
and V2C, disconnect the coil LlOA from circuit by 
opening the slider on the high end of the coil and 
meter MSA 3rd amp. plate circuit will of course 
no longer indicate. Readjust the plate circuit 
tuning 3ri) amp. of Unit A for minimum plate 
current as indicated by the 3ri> amp. plate current 
meter. 

After the above adjustments have been made the 
various circuit voltages should be checked with 
Table 4. 

15. Final Adjustment of the Second RP Ampli¬ 
fier, After the circuits of Unit A have been tuned 
the following final adjustments should be made to 
obtain vernier action with the rf output control. 
With the RF output control at 85 and the output 
coupling v2 control at zero set the test meter 
switch on the v2 plate xlOO position and place the 
plate rectifier switch in the on position. Check 
the adjustment of the plate circuit tuning v2 
control for a minimum plate current as indicated by 
the TEST METER. 'J'urii the output coupling v2 
control until the plate current of V2, as indicated 
by the test meter, is increased about ten per cent. 
Check the adjustment of the output circuit tun¬ 
ing v2 control for a maximum of V2 plate current 
as indicated on the test meter. It is important 
that the plate circuit tuning v2 and output 
circuit tuning v2 control settings are not changed 
when making the following adjustments. Place the 
PLATE rectifier switch in the off position. With 
the RF OUTPUT control set at 85 and the output 
COUPLING v2 at 100, place the plate rectifier 
switch in the on position. Turn the output cou¬ 
pling v2 control counter-clockwise until the grid 
load current meter of the Unit A indicates 70-110 
ma. Thereafter, the rf output should be controlled 
by means of the kf output control. 

After the entire 5-kw transmitter has been tuned 
in accordance with the remaining instructions turn 
the OUTPUT COUPLING v2 control to 100 and set the 
RF OUTPUT control at 85. With all plate voltages 
on, turn the puTPUT coupling v2 control counter¬ 
clockwise until the normal carrier output current is 
obtained. The adjustment of antenna or output 
current should thereafter be made by means of the 
RF OUTPUT control. 


If any tendency toward parasitic oscillations ex¬ 
ists after the above adjustments are completed, 
the neutralizing of the third radio-frequency ampli¬ 
fier should be checked. This should be done with¬ 
out changing any of the other radio-frequency 
adjustments. 

16. Adjustment of Sliders on R61A, The sliders 
on R61A provide the potentials for the RF output 
control potentiometer. With this control at zero 
and all plate voltages on, the rf output should be 
approximately zero. Raising the upper or second 
slider on R61A will reduce the output, while lower¬ 
ing it will increase the output. With this slider 
adjusted to give approximately zero output, set the 
RF output control at 85 and the TF..ST meter switch 
on the v2 grid x5 position. If the grid current is 
not within the specified limits of 0 to 4 milliamperes 
it will be necessary to adjust the lower or first slider 
on R61A. Raising this slider increases the grid 
current as well as the RF output of the transmitter. 
After the proper position of the lower slider has 
been determined, check the position of the upper 
slider for zero radio frequency output when the RF 
output control is set at 20. When the proper ad¬ 
justment of the sliders is obtained set the rf output 
control at 85 and readjust the output coupling v2 
control until normal carrier output is obtained. The 
final position of the output coupling v2 control 
should be such that turning this control counter¬ 
clockwise produces an increase in antenna or output 
current. 

Routine tests should be made with the rf output 
control to determine that carrier cut-off definitely 
takes place when this control is between the limits 
of 0 and 20. 

17. Adjustment of Feedback and Associated Cir¬ 
cuits. After the entire transmitter has been tuned, 
as covered in the balance of this instruction book, 
adjustments of the feedback circuit and associated 
circuits should be made. To measure the feedback, 
remove the feedback rectifier tube V9A of the oscil¬ 
lator amplifier, close link switch D17A in the 1-2 
position, and modulate the transmitter with a single 
fre(|uency of 400 cycles, noting the required input 
level for 100-percent modulation. When the tube 
is replaced the audio input level for 100-pcrccnt 
modulation should be approximately 0 db. The dif¬ 
ference of the two input levels is then the value of 
feedback. 

The following procedure should be followed to 
obtain the reiiuired value of stable feedback. With 
feedback rectifier tube V9A removed from its socket 
and the transmitter delivering full power, adjust 
R44A to approximately mid-position, and adjust 
R103A for a nonsinging condition. Singing can 
readily be observed by means of a cathode ray 
oscilloscope using the sweep circuit and the vertical 
plates plugged into J2C, especially if the transmitter 
is modulated with a low frequency, such as 50 
cycles. A singing condition will usually be ob- 
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served at a low value and a high value of resistance 
in R103A, and a mid-point position should be se¬ 
lected. Insert V9A and determine the maximum 
setting of R48A feedback adj. which can be used 
without singing. A slight readjustment of R44A 
may enable a higher value of R48A to be used. 
Then decrease the feedback adj. control the equiva¬ 
lent of 2 or 3 db. The final value of feedback 
should be about 20 db. 

Whenever major adjustments of the radio¬ 
frequency circuits of the transmitter are to be made, 
the feedback should be removed by opening link 
D17A or removing tube V9A. 

18. Audio Monitoring Rectifier. The radio¬ 
frequency rectifier tube VIOA and its associated 
circuit furnish a source of audio monitoring output 
from the transmitter. The control desk “monitor*' 
key connects the input of the component 124 type 
amplifier either to tliis output or to the transmitter 
audio input. 

The direct-current component of this rectifier is 
used to operate relay S8A which in turn closes the 
audio input circuit when the carrier output is 
normal. Reducing the carrier to zero either manu¬ 
ally or by the protective circuits that are provided 
removes all the feedback voltage. If the audio 
input were not removed under these conditions the 
audio system would be overloaded by an amount 
equal to the normal value of feedback. 

lQ-9g. D-151239 (or D-151218) Power Amplifier 
Unit (Figure 10-18) 

1. Circuit Dcs^cription. This power amplifier em¬ 
ploys two vacuum tubes VIC and V2C connected 
in a high-efficiency circuit, driven by the output of 
Unit A and arranged for connection to the antenna 
system by a coaxial transmission line or other cou¬ 
pling device having an impedance of 50 to 80 ohms. 

The radio-fre(iuency input is applied directly to 
the grid of V2C but reaches the grid of VIC through 
the intergrid coupling condenser C12C. C17C and 
C18C are grid blocking condensers. The current 
in grid load resistors R5C is indicated by ammeter 
M4C. The grid phase-shifting circuit is completed 
by coil L13C' and condenser Cl 1C. The sampling 
circuits (C29C-L7C and C30C-L8C) permit check¬ 
ing the phases of the grid voltages on the tubes by 
connecting a cathode-ray oscilloscope at jacks JIC 
and J4C. 

Coil L5C neutralizes the non-linear amplifier tube 
VIC by anti-resonating its internal capacity. Neu¬ 
tralization of tube V2C is effected in a similar man¬ 
ner by L6C. 

The tuned output circuit of VIC consists of coil 
L9C and the circuit capacity to ground. The sam¬ 
pling circuit L15C-C9C permits checking the phase 
of the output voltage of VIC at jack J3C. The 
output circuit of VIC is coujded to that of V2C by 
means of coil L3C which also serves to carry the 
d-c plate current from V2C to VIC. 


The tuned output circuit of V2C consists of vari¬ 
able condenser C6C (to which is added a fixed con¬ 
denser C20C) and the V2C plate coil LIOC. The 
phase of the output voltage of V2C may be checked 
at jack J2C, connected across condenser C10.2C. 
Coil L12C and resistance R6C provide a small part 
of the output of the amplifier at terminal 29, to be 
used for stabilized feedback. 

Between the V2C plate coil LIOC and the line 
there is connected a radio-frequency harmonic filter 
consisting of coils LI 1C and L18C, and condensers 
C21C, C22C and C26C. The current fed into the 
transmission line is indicated on meter M6C con¬ 
nected to thermocouple TClC. As supplied, con¬ 
denser C26C is not connected. This condenser is 
to be used only in case unusual suppression of 
some particular radio-frequency harmonic is neces¬ 
sary. In that case C26C is connected in parallel 
with a portion of LI 1C and tuned to parallel reso¬ 
nance at the particular harmonic frequency it is 
desired to suppress, making proper readjustment of 
LIK' to maintain the tuning at the fundamental 
frequency. 

Connected across the input and output circuits of 
tube V2C are two coils L16C and TJ7C associated 
with a protective device which also serves as an 
overall tuning indicator for the amplifier. Tht 
other elements comprised in this protective device 
arc the rectifier tube V3C with its filament trans¬ 
former T6C' and filament by-pass condenser C25C, 
the .shunting resi.stance R7C for this tube with a dis¬ 
abling switch D7C, a relay S3C, and a d-c milli- 
ammeter M7C for reading the rectified output of 
tube VIC. 

The high-voltage plate supply is fed to the power 
amplifier through plate choke coil L4C. The two 
grid-bias supplies are fed to the tubes through 
grid coil L13C and L14C, the higher bias being 
employed for V2C. The grid-bias voltage for VIC 
is filtered by C7C which is protected against ab¬ 
normal voltages by thyrite protector PR2C. The 
corresponding grid-bias equipment for V2C consists 
of C8C and PRIC. 

The plate currents of the individual tubes are 
indicated on meters MIC and M2C and the total 
plate current on meter M5C. The overload relays 
SIC and S2C are equipped with shunts, designated 
R3C and R4C. 

An anti-sing assembly consisting of RIC-LIC is 
connected in the plate lead of VIC. A similar cir¬ 
cuit consisting of R2C-L2C is connected in the plate 
lead of V2C. 

Plate blocking condenser CIC is used for tube 
VIC, and blocking condenser C2C for V2C, C3C 
and C4C are filament by-pass condensers. 

The individual filament voltages on the tubes are 
indicated by meter M3C connected to key KIC and 
adjusted by Transtats T3C and T4C. 
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Variable condenser C31C serves to control the 
output of thermocuple TC2C, which energizes con¬ 
trol desk meter M3CD. 

2. Circuit Adjustment 

Note: Before proceeding with the adjustment of 
the power amplifier it is necessary that the radio¬ 
frequency transmission line be connected to the an¬ 
tenna system through suitable coupling equipment, 
adjusted to terminate the line in its characteristic 
impedance. No information on this adjustment is 
included herein. 

3. Preliminary. In the following instructions for 
adjusting the power amplifier unit, reference to con¬ 
trols will be made in accordance with the title pro¬ 
vided on the controls. The following table shows 
the title of the control and the corresponding desig¬ 
nation number of the apparatus with which it is 
associated. Other apparatus will he referred to in 
accordance with its circuit designation number. 


A pparatus 
Designation 



Number 

Control Title 

C6C 

Plate Circuit 'Puning V2 

cnc 

Grid Circuit Tuning 

C12C 

Inter-Grid Coupling 

C15C 

Neutralizing VI 

C16C 

Neutralizing V2 

L9C 

Plate Circuit 'J'uning Vl 

Jic 

Grid \11 


J2C 

J3C 

Plate \1 
Plate \ 1 

|oscilloscope 

J4C 

Grid V2J 


Die 

Door Rel 

ease 

KIC 

Filament Voltage Vl 4- V! 
Filament Voltage \^1 

T3C 

T4C 

Filament Voltage 2 


The apparatus designation number and the corre¬ 
sponding title of meters on the power amplifier unit 
are as follows: 

Title of Meter 

Plate current V1 Am|x;rcs d-c 
Plate Current \2 Amperes d-c 
Filament Volta^je Volts a-c 
Grid Load Current Milliamperes r-f 
Total Plate Current Amperes d-c 
Transmission Line Current Amperes r-f 
Protective Circuit Milliamperes d-c 

With all power removed from the equipment in¬ 
sert the vacuum tubes in their sockets according to 
Table 12. Place rect. fil. and 230 volt supply 
switches in the power distribution cabinet, and the 
RECTIFIER FILAMENTS switcli DIF in the control 
unit in the on position and allow sufficient time for 
the rectifier tube filaments to become heated. For 
normal operation the heating time is automatically 
taken care of by delay circuits. However, the fila¬ 
ments of new mercury vapor tubes should be heated 
at least 15 minutes before the high voltage is ap¬ 
plied. This preheating removes any particles of 
mercury adhering to the sides or elements of the 


tubes after shipment or handling, thus minimizing 
the possibility of flashovers. 

Place the oscillator amplifier control switch 
(DllF) in the operate position and the reduced 
power switch (D9F) in the full power position. 
Make preliminary adjustments of the radio- 
frequency circuits according to Table 5. Adjust 
the FILAMENT VOLTAGE vl and filament voltage 
v2 controls to the extreme counter-clockwise 
direction. 



Fig. 10-19. Front view of the power amplifier unit of 
the Western Electric 405B-2 5-kw radio broadcast trans¬ 
mitter with the doors open. 

4. Tuning of Output Circuit 

Note: All output circuit adjustments should be 
made by measuring impedances as outlined below 
at the station carrier frequency with a radio¬ 
frequency bridge. 

5. Adjustment of Harmonic Filter. The first 
step in tuning the output circuit of the power ampli¬ 
fier is the adjustment of the radio-frequency har¬ 
monic filter. The fixed condensers in the harmonic 
filter are supplied to correspond to the station’s 
frequency, and adjustments must be made on LI 1C 
and L18C. 

L18C and LI 1C are adju.sted by measuring the 
impedance across C21C with LIOC disconnected 
from LI 1C and C21C, and a General Radio decade 
resistance box set for 65 ohms (or an equivalent 


Apparatus 

Designation 

Number 

MIC 

M2C 

M3C 

M4C 

M5C 

M6C 

M7C 
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resistor) connected from terminal 64 to ground. 
The lead to the transmission line or antenna from 
terminal 64 must also be disconnected. 

Coils L18C and LI 1C should be adjusted to give 
a series input resistance as measured by the bridge 
(arranged for measuring series components of 
grounded impedances) across condenser C21C of 
65 to 90 ohms. The reactive component is not im¬ 
portant, but should not in general exceed 100 ohms. 
Any reactive component that results merely requires 
either a corresponding increase or decrease in the 
turns of LIOC that will be required to tune the 
plate circuit of V2C. In the adjustment of LI 1C 
and L18C it will be found that in general decreasing 
the number of turns in LI 1C decreases the resist¬ 
ance measured tacross C21C, and decreasing the 
turns in L18C increases this resistance. The num¬ 
ber of turns in each of these coils should be kept as 
large as possible and still obtain a value of resist¬ 
ance between 65 and 90 ohms, since the radio- 
frequency harmonic suppression decreases with a 
decrease in turns. Upon completion of the.se meas¬ 
urements and adjustments restore the connection 
between coil LIOC and condenser C21C. 

6. Adjustment of Load (Plate Circuit) Imped- 
ances. This consists in selecting the proper tap on 
coil LIOC to give the desired load impedance, ap¬ 
proximately 2700 ohms, for the combined output of 
l>oth tubes, and then the proper tap on coil L3C to 
give the desired load impedance, approximately 
10,800 ohms, for tube VIC when this tube is sup¬ 
plying the smaller carrier output without appreciable 
assistance from tube V2C. 

In the 405A-2 equipment, the adjustment of load 
impedances should be carried out with the water 
system filled and the cooling system operating, so 
that the resistances of tlie water columns will be 
included in the measurements. 

By means of the radio-frequency bridge, arranged 
to measure parallel components of grounded imped¬ 
ances, and with the tube socket of VIC temporarily 
grounded, measure the parallel resistance between 
the tube socket of V2C and ground at the carrier 
freciuency. This parallel resistance is controlled 
entirely by the reactance of coil LIOC and bv the 
introduced resistance as determined by the adjust¬ 
ment of coils LI 1C and L18C as previously de¬ 
scribed. Coil LIOC should be adjusted to give a 
value for the plate-to-ground resistance of 2700 
±100 ohms. Increasing the number of turns on 
LIOC increases the parallel resistance and vice 
versa. If it is impossible to secure a value of 
parallel resistance within the above limits by adjust¬ 
ing LIOC, a change in the introduced resistance by 
readjustment of LI 1C and L18C must be made. 
Increasing the introduced resistance lowers the 
parallel resistance and vice versa. 

Upon completion of the adju.stment of coil LIOC, 
condenser C6C plate circuit tuning v2 should 
then be adjusted until the impedance is purely re¬ 


sistive. The parallel resistance will not change 
when condenser C6C is adjusted. 

Next remove the temporary ground from the 
plate of the tube VIC and connect the bridge to 
measure the parallel impedance between the socket 
of tube VIC and ground. The parallel resistance 
at this point is controlled entirely by the reactance 
of coil L3C, which should now be adjusted to give 
a value of 10,800 ± 400 ohms for this resistance. 
In case it is necessary to readjust L3C by more 
thjin four or five turns, the previously described 
adjustment of C6C should be repeated to secure zero 
reactance (with the plate of VIC' again grounded 
and measuring from the plate of V2C to ground), 
and then recheck the parallel resistance from the 
plate of VIC' to ground, making any further slight 
readjustment of L3C' that may be required to secure 
the parallel resistance value of 10,800 + 400 ohms. 
Then adjust the value of coil L9C' by changing turns 
and with the fine adjustment platk circuit tun¬ 
ing vl until the parallel impedance is purely re¬ 
sistive. Adjustment of coil LOC has no effect upon 
the parallel resistance. 

7. Tuning of Grid Circuit. With the grid cir¬ 
cuit tuned, the plate circuit tuning control on 
the oscillator amplifier unit should be readjusted to 
give minimum plate current in that stage. This 
may necessitate a readjustment of the turns in 
L14C but this will not affect the grid phase 
displacement. 

The power amplifier is now ready for neutralizing 
and final tuning adjustments. 

8. Neutralising of Poiver Amplifier. Neutraliza¬ 
tion of the power amplifier is accomplished by using 
a cathode-ray oscilloscope as a voltage indicator, 
and adjusting the neutralizing controls for a mini¬ 
mum deflection on the cathode-ray tube. The plate 
of the tube not being neutralized should be grounded 
with a temporary connection. The clips on neu¬ 
tralizing coils L5C and L6C should be set to in¬ 
clude in circuit approximately % the total turns of 
each coil. 

To neutralize tube V2C, disconnect the rear ter¬ 
minal of the coil L8C (terminal 60) from the busses 
normally connected there, and keeping the removed 
busses connected together. Connect this rear ter¬ 
minal of L8C to the plate of V2C using a temporary 
connector, taking care to keep this temporary con¬ 
nector several inches away from coil L14C to avoid 
stray coupling. Plug the lead from the vertical 
plates of the cathode-ray tube in jack J4C. Operate 
the transmitter leith no plate voltage on the power 
amplifier and adjust the tap location on coil L6C 
for a minimum indication on the cathode-ray tube. 
This completes the neutralizing of V2C. 

To neutralize tube VIC transfer the temporary 
connection from the rear terminal of L8C to the 
plate of VIC, again taking care to keep this lead 
away from coils LHC, and removing the grounding 
clip from the plate of VIC and using it to ground 
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the plate of V2C. Repeat the procedure outlined 
for neutralizing tube V2C, this time adjusting L5C 
for a minimum indication on the cathode ray. This 
completes the neutralizing of the power amplifier. 
Upon conijiletion remove the temporary connectors 
and reconnect the rear terminal of L8C to the 
busses. 

Note: If a vacuum tube voltmeter is available the 
power anijilifier may be neutralized by connecting 
the voltmeter to indicate the radio frequency voltage 
from plate of the tube to ground. Operating the 
transmitter with tio plate voltage on the pozver am- 
plifier, adjust the associated neutralizing coil for a 
inininium indication, as outlined above. The plate 
of the tube not being neutralized should be grounded, 
as indicated. 

9. Final Tuning of Power Amplifier, Place the 
entire transmitter in operation. Apply excitation 
until the platk current vl meter reads about 0.1 
amp. Check the 90° grid-circuit relation, making 
such minor readjustment of the grid-circuit tun¬ 
ing (Cl 1C) as necessary to secure the 90° relation. 
Next observe the phase relation of the plate poten¬ 
tials of the two tubes, usin.q the plate vl and plate 
v2 jacks increasing the re oi^tput (R4A) if neces- 
.sary to secure ade(|uate deflection on the cathode 
ray. Adjust condenser C6C' by means of the plate 
circuit tuning v2 control for a 90° phase differ¬ 
ence. This is the only control which affects the 
relative phases of the plate potentials. Check the 
adjustment of the plate circuit tuning 3ri> amp. 
control on the oscillator amplifier for minimum plate 
current of that stage. A readjustment of this con¬ 
trol may be necessary with the power amplifier in 
operation. 

Coil L9C is next readjusted by means of the 
plate circuit tuning vl control until a cathode- 
ray oscilloscope connected to the grid vl and plate 
vl jacks shows a straight-line pattern, indicating a 
pure phase reversal in the tube, i.e., the plate load 
impedance is a pure resistance. This should also 
correspond with minimum VIC plate current. 

With the two grid potentials 90° apart and the 
two plate potentials 90° apart, and with a pure 
j)hase reversal in tube VIC, the grid and plate poten¬ 
tials of tube V2C should now be 180° apart. This 
may be checked with the cathode-ray oscillograph 
using the grid v2 and plate v2 jacks. 

Next increase the excitation until, with 12,000 
volts plate potential, the output of the transmitter 
is the required 5 kilowatts, as indicated by the 
antenna-current meter in the antenna-coupling unit. 
The number of active turns in L7C and L8C .should 
now be adjusted to give proper deflections on the 
cathode-ray oscilloscope. This readjustment may 
necessitate a slight retuning of the grid circuits to 
retain the proper grid phasing relations. At this 
time if the antenna is of the series-excited type, 
the relation of transmission line current, as 
read on meter M6C, to actual antenna current may 


be determined, and the adjustment of the pick-up 
circuit for remote indication of antenna current, if 
used, may be made to obtain the proper reading on 
M7A antenna current. In the case of a shunt- 
excited antenna, meter M6C will read antenna 
current and should indicate the same as the an¬ 
tenna meter in the antenna coupling unit. 

At the 5-kw output check the phase adjustments 
and observe the plate currents of the tubes. The 
plate current of VIC should be about 0.6 amp, 
V2C should be between 0.09 and 0.11 amp, and the 
total plate current should be between 0.68 and 0.70 
amp. The plate current of tube V2C may be in¬ 
creased or decreased by changing the setting of the 
inter-grid coupling control. This requires a 
slight readjustment of the grid circuit tuning 
control to maintain the 90° phase relation. 

Note: The above value of total plate current as¬ 
sumes antenna power determination by the direct 
method of measurement. If, to meet an emergency 
condition, the power is to he determined by indirect 
mea.*»urement, using an efficiency factor of 0.65, the 
drive may be reduced to make the total plate current 
0.63 to 0.65 amp, in which case the output will be 
correspondingly reduced. 

If the plate current of tube V2C at 5 kw output 
cannot be made high enough by adjustment of the 
inter-grid coupling control, lowering the grid load 
resistance R5C by short-circuiting one or two of 
the resistance units will have the desired effect. 
This resistance must not he reduced lower than 3600 
ohms. (Three units in circuit, 2 shorted out.) 

It is also possible to adjust the di.stribution of 
load between the tubes at the carrier output by 
varying the bias-supply voltage to one lube or the 
other by means of the sliders on the bias rectifier 
bleeder resistors. It is usually found, however, 
that best results are obtained with the specified 
bia.scs of approximately 300 and 450 volts on VIC' 
and V2C respectively. 

With the required carrier output, observe the 
plate current of the modulated amplifier stage (M4A 
in Unit A). This should be between 150 and 200 
milliamperes total for the two tubes. It may be 
adjusted to within these limits by changing the ad¬ 
justment of the INTER-GRID COUPLING CONDENSER 

C12C, and readjusting the grid tuning condenser 
Cl 1C to again .secure proper phase relation.ship on 
VIC and V2C grids. For each new adjustment on 
C12C, condenser C20A .should be readjusted to 
minimum plate current. If more than a minor ad- 
ju.stment in C12C is made, it will be neces.sary to 
readjust the bias on V2C to maintain the plate 
current of that tulie within the specified limits. 

Place link D17A of unit A in the 1-2 position 
and observe the feedback current as indicated on 
the v9 plate setting of the test meter in the oscil¬ 
lator amplifier unit. The taps on the feedback coil 
L12C should be adjusted to give a feedback current, 
at the full carrier output, 8 ± 2 ma. 
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The further adjustment of the feedback is de¬ 
scribed under “Adjustment of Feedback and Asso¬ 
ciated Circuits/^ and reference should be made 
thereto at this time. 

10. Adjustment of Radio-Frequency Protective 
Circuit, The adjustment of this circuit consists in 
choosing? proper taps on coils L16C and L17C to 
obtain a null indication on meter M7C protective 
CIRCUIT when the power amplifier is tuned. 

Open switch D7C. Choose taps arbitrarily on 
L16C and L17C. Place the entire transmitter in 
operation. At the full carrier output check the 
phase relations with the cathode-ray oscilloscope. 
Observe the readinjf of M7C protective circuit 
and note the change in this reading as condenser 
C6r PLATE circuit TUNING v2 is adjusted above 
and below the tuning point determined from the 
oscilloscope. At a reading of between 7 and 10 ma 
the protective circuit should operate to remove and 
reapply the excitation at intervals, provided switch 
D12F pROTiccTiVE circuit on the control unit is in 
the ON position. Note the minimum reading ob¬ 
tained on meter M7C. Remove plate voltage and 
bias and choose a new tap on either L16C or L17C 
and repeat the above observations. The taps even¬ 
tually chosen .should give a minimum reading on 
meter M7C of not more than 3 ma at S kw output, 
and the setting of condenser C6C for this minimum 
should be in close agreement with the cathode ray 
indication of 90® phase displacement between VIC 
and V2C plate voltages. 

Later, when modulation is applied, meter M7C 
should be observed again. If, with modulation ap¬ 
plied, the reading should increase to a value likely 
to cause undesired operation of the protective cir¬ 
cuit, the sensitivity of the device may be reduced 
by using more of the turns on L16C and L17C, 
keeping the ratio approximately unchanged. 

11. Modulating the Transmitter, With the final 
stage adjusted to the proper operating conditions 
at the unmodulated carrier output, it is necessary 
next to observe the operation with modulation 
applied. 

For ideal distortionless operation with no carrier 
shift the antenna current should rise 22.5 percent 
at 100-percent modulation. In transmitters not em¬ 
ploying negative feedback, a failure of the antenna 
current to rise to this extent ordinarily indicates 
distortion in the modulated wave. With the distor¬ 
tion removed by feedback, the only result of such 
“carrier shift" is a slight decrea.se in transmitted 
signal; for example, if the antenna current ri.ses 
only 15.5 percent, the loss in transmitted signal with 
a distortionless wave is 0.5 db. The tendency for 
carrier shift to occur depends on local conditions, 
such as instantaneous line regulation, as well as on 
the adjustment of the transmitter. 

This equipment is designed to permit 100-pcrcent 
modulation with no carrier shift, provided the line- 
voltage regulation is such that the plate voltage on 


the power amplifier does not change more than 2 
percent between the modulated and unmodulated 
condition. 

At the time of installation the grid-bias voltages 
are adjusted for proper performance, and should 
not be changed. As the power amplifier tubes age 
it may be necessary to increase the filament voltage 
to maintain constant emission for each tube. The 
need for such increase in filament voltage will be 
indicated by the failure of the antenna current to 
give the proper (22% percent) increase with 100- 
percent single-tone modulation at the normal speech- 
input level. To determine which tube .should have 
additional voltage, modulate the transmitter 100 
percent with tone, raise the filament voltage of one 
of the water-cooled tubes, and note whether the 
antenna current increases. If it does not, that tube 
requires no increase, and the voltage should be re¬ 
stored to its previous value. The other tube should 
be similarly tested. If filament voltage increase 
does not correct the failure of the antenna current 
to increase 22% percent with 100-percent single tone 
modulation, a check of the bias voltages and plate- 
circuit tuning should be made to determine that no 
changes in these circuits have occurred. The indi¬ 
cation of the protective circuit meter furnishes a 
check on the condition of the output circuits, and if 
the reading of this meter at carrier and under 
modulating conditions has not changed from the 
values observed at the time of installation it may 
be assumed that the difficulty is not due to circuit 
tuning changes. 

After the power amplifier is adjusted condenser 
C31C should be set so that control desk meter 
M3CD agrees with meter M6C at full output power. 

10-9h. Starting the Transmitter 

1. Preliminary, As.suming that the transmitter is 
to be operated from the control desk, the transmitter 
control switches on the control unit and their corre¬ 
sponding multiples in the control desk, should be as 
follows: 


Designation 

Control Unit 

Control De.‘>k 

Switch-Position 

Switch-Position 

Osc. Ampl. Fil. 

DlOF 

ON 

1)6CD 

OFF 

Rcct.-Fil. 

DIF 

ON 

1)7CD 

OFF 

Ampl. V.T. CtKjliiiR 

n2F 

ON 

I)8Cl) 

OFF 

Ampl. Fil. 

D3F 

ON 

1)9C1) 

OFF 

Osc. Ampl. Plate 

1)5F 

ON 

DIOCD 

OFF 

HV Reel. 

r)4F 

ON 

OlICD 

OFF 

Power Change 

IMF 

FULL 

ni2Ci) 

FULL 


To start the transmitter, all the manual circuit 
breakers in the power-distribution unit should be 
thrown to on and the oscillator amplifier con¬ 
trol switch (DllF) should be in the operate posi¬ 
tion. Check the voltage of the three phases of the 
power supply by means of the power supply meter 
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(MIF) and power-supply voltmeter switch 
(D6F). Each phase should be approximately 230 
volts. Throw the a-c control circuit switch 
(D53F) and the d-c control circuit switch 
( D54F) to ON. All meter lamps should liffht. The 
preen lamps above the switches osc. amp. fil. and 
AMPL. v.T. cooling and rect. fil. should also lipht. 

2. Rectifier Filaments, In order to allow proper 
preheat inp of the recti tier tubes the filaments should 
be enerpized before the rest of the equipment. 
Throw the switch rect. fil. (D7CD) to on. The 
red lipht above this switch should lipht. Check the 
voltape of the three phases of the repulated supply 
by means of the power-supply voltmeter switch 
(D6F). Delay relays S2F and S16F are ener¬ 
pized. After about twenty seconds relay S16F op¬ 
erates and after three minutes relay S2F operates 
follow'ed immediately by relays S3F and S4F, lipht- 
inp the rectifier filament delay lamp (ElOF). 
With all doors closed, and the hiph-voltape pround- 
inp switch open, all the door lamps will lipht and 
the bias contactor S4P will operate, enerpizinp the 
bias rectifier and liphtinp the power amp. bias lamp 
(E22F). The bias voltmeters (M2F and M3F) 
should indicate the proper bias voltapes. 

3. Oscillator-Amplifier Filaments. The oscillator- 
amplifier filaments may he enerpized at any time but 
preferably should be started a few minutes before 
the rectifier filaments have been completely pre¬ 
heated. Throw the osc. amp. fil. switch (D6C'D) 
to ON operatinp contactor S54F. Keep all switches 
in the o.scillator-amplifier itself in the on position. 

4. Cooling System. Keep the safety di.sconnect 
switches DIW and D2W, or D8C, closed except 
when servicing the associated ])Uinp or blower 
motors. Set the valves of the water system 
(405A-2 R.T.E. only) as instructed in the section 
covering this system; then place the system in op¬ 
eration by closing the switch ampl. v.t. cooling 
(D8CD) to on. Relay S5P operates, starting the 
cooling system motors. 

When the proper wMter (or air) flow is obtained 
the flow relay WDIW (or ADIC) and relay SIF 
operate. Lamp E8F, cooling system lights and 
the green lamp above the swdtch amp. fil. lights, 
indicating that the filaments may be energized. In 
the 405A~2 equipment, the radiator fan motor may 
be started in cold weather by D2W after the ampli¬ 
fier filaments are energized, as described in the sec¬ 
tion covering the water system. 

5. Amplifier Filaments. Close the switch amp. 
FIL. (D9CD) thus energizing relay S2P and sup¬ 
plying power to the power amplifier filaments. 

6. High-Voltage Control, At the same time that 
the bias rectifiers are energized the control circuit 
is complete to the high-voltage control of the 
oscillator-amplifier unit. With the switch plate 
rectifier (D4A) in the on position, the green lamp 
above the switch osc. ampl. plate (DIOCD) lights. 


Throw this switch on, operating S3A and energiz¬ 
ing the plate rectifier of the oscillator-amplifier unit. 

As soon as all amplifier filaments and bias recti¬ 
fiers have been energized, the control circuit of the 
hiph-voltape rectifier for the power amplifier is 
completed and the green light above the switch ii.v. 
RRCT. (DllC) lights. 

Close switch Dll CD enerpizinp the closing cir¬ 
cuit for the plate circuit breaker. The lamp ii.v. 

RECT. CIRCUIT BREAKER-OPEN (E26F lights. As 

.soon as the breaker is closerl the lamp is extin¬ 
guished and the lamp closed (E27F) lights. The 
rectifier is energized and the meter power amp. 
PLATE (M7F^ should read about 12 kv. The lamp 
RESET (K3F) should be pushed to lipht the overload 
lamps. If any of these lamps become extingui.shed 
it indicates the operation of the jirotective or over¬ 
load relay in the circuit designated below the lamp 
in question, and after noting the circuits the lamp 
REs/r button should again lx; operated to restore the 
indication circuit to normal. 

7. Operation at Reduced Power. For full pow'cr 
(5 kw) operation switch power change (D12CD) 
should be in full position. By operating this 
swdtch to reduced, the carrier power is decreased 
to either 2.5 kw or 1 kw, depending on the connec¬ 
tions to the primary of plate transformer TIP, as 
given in Table 8, wdth corresponding connections 
to the powTr amplifier biasing resistors RIK and 
R2K to give the bias voltages specified in Table 7. 

With switch I)12C'D in reduced position, R56A 
should be adjusted to give the recjuired antenna 
current for the reduced power (2.5 kw or 1 kw). 
This adjustment is made without changing the 
position of R4A from that required for full power. 

When operating at 1 kw difficulty may be experi¬ 
enced in securing sufficient rectified current to oper¬ 
ate relay S8A. This may be corrected by reducing 
potentiometer R55A to zero. 

In order to operate at the same audio input level 
for both full and reduced power, an audio pad 
R78A to R82A inclusive .should be installed. This 
pad is shunted out by the contacts of relay S9A for 
full-power operation. The proper resistors for this 
pad arc supplied, and should be connected in circuit 
at the time of installation. 

When changing from low to high power or vice 
versa, the osc. ampl. overload reset button D13rD 
should be held in, the power-change switch operated, 
and the overload reset button held in continuously 
until the transmitter is in operation at the new 
power. When the power change is made a transient 
surge through the feedback circuit may cause un¬ 
wanted operation of the oscillator-amplifier overload 
relay S7A, and holding the overload reset button as 
above de.scribed is preferable to the introduction of 
a more complicated relay chain to avoid this condi¬ 
tion. Since the overload relay in question is con¬ 
nected in the ‘^trip-free” manner, this operation 
introduces no hazard to the equipment. 
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10-9i. Switch Functions 

1. Oscillator-Amplifier 

DIA—-osc. HEATER —Disconnect switch in power 
supply to the oscillator heaters. Leave in on 
position. 

D2A— POWER SUPPLY ccT BREAKER —Circuit breaker 
in power supply to oscillator-amplifier. Leave in 
ON position except when workinj^ in.this unit. 

D3A— POWER —Disconnects switch to turn oscillator- 
amplifier ON and OFF. Leave in on position. 

D4A— PLATE RECTIFIER —Controls hifi^h-voltage rec¬ 
tifier in oscillator-amplifier unit. Leave in on 
position and control this rectifier from switch 
D5F designated oscillator amplifier plate 

VOLTAGE in control unit. 

D5A— OSCILLATOR —This switch selects either of the 
oscillators provided in the unit. 

D6A—Link switch in d-c plate supply of 3rd RF 
amplifier. Leave closed except when neutralizing 
this stage. 

D7A—Link switch to remove plate voltage on 2nd 
audio stage. Mechanically coupled to D6A. 

D9A—Gate switches. 

DlOA— ^TEST METER —Connects the test meter M2A 
to the various circuits in this unit. 

Dll A—osc. AMPL. OVERLOAD RESET —A momentary 
contact push button for resetting the plate over¬ 
load circuit. 

D13A—Link switch for adding capacity to neu¬ 
tralizing condenser CIS A. Leave closed. 

D17A—Link switch—close to portion 3 to neu¬ 
tralize 3rd radio-frecjuency amplifier. Close to 
position 4 to tune RF by-pass circuit. Close to 
position 2 to adjust feedback and monitor recti¬ 
fiers. Leave in position 2. 

2. Power Amplifier 

Die— ^DOOR RELEASE —Momentary push button to 
operate electric door latches. Energizes the 
latches only if the rectifier grounding switch and 
door mechanism has been operated to ground the 
high voltage. 

D2C to DSC—Door switches. 

D7C— PROTECTIVE CIRCUIT switcli. Close to disable 
protective circuit. Normally leave open except 
during initial adjustments. 

KIC— FILAMENT VOLTAGE —Switches M3C to fila¬ 
ment of either tube. Leave in either position. 

3. Control Unit 

DIF—^RECTIFIER FILAMENTS—Operates contactor to 
energize bias and high voltage rectifier filaments. 
Energizes rectifier filament delay relays, the gate 
switch chain, and the bias rectifiers. 

D2F— COOLING SYSTEM —Operates contactor to start 
cooling system motors and line starter to start 
pump. 

D3F— AMPLIFIER FILAMENTS —Operates contactors 
to energize tube filaments of power amplifier. 


The operation of this switch is effective only if 
the water system is operating properly. 

D4F— HIGH voltage RECTIFIER —Close to operate 
circuit breaker to energize the high-voltage recti¬ 
fier. This control is dependent upon the cooling 
system, amplifier filaments and bias rectifiers. 

D5F— OSCILLATOR-AMPLIFIER PLATE VOLTAGE —With 
D4A closed this switch is used to apply and re¬ 
move plate voltage in the oscillator-amplifier unit. 

D6F— POWER SUPPLY VOLTMETER—CotlUeCtS MIF tO 
any phase of the regulated power supply. 

D9F— FULL POWER and reduced power —Transfers 
primary taps on high-voltage plate transformer 
(TIP) through relays S7.1P or S7.2T\ and 
changes the power amplifier bias voltages through 
relays SIK and S2K. 

DlOF— OSCILLATOR-AMPLIFIER FTL A ME N TS —Til i S 
operates a contactor to supply power to the 
oscillator-amplifier. 

DllF- OSCILLATOR-AMPLIFIER CONTROL -Tn the test 

position this switch permits operation of the 
oscillator-amplifier unit alone. The bias recti¬ 
fiers for the power amplifier are de-energized. Tn 
the operate position, the gate switches and plate 
control of the oscillator-amplifier are tied in to 
the control circuit of the rest of the transmitter. 
Leave in the operate position. 

D12F— PROTECTIVE CIRCUIT —This switch removes 
the control power from the protective circuit. 
Leave in on position, except for tuning of j)ower 
amplifier. 

D53F— A-C CONTROL CIRCUIT POWER —This is a 
thermal type overload circuit breaker which con¬ 
trols the a-c control circuit power. Leave in the 
ON position. 

D54F— ^D-c CONTROL CIRCUIT POWER —This is a 
thermal type overload circuit breaker which con¬ 
trols the a-c to a copper-oxide rectifier which in 
turn supplies the d-c control-circuit power. 
Leave in the on position. 

KIF— RECTIFIER FILAMENT DELAY RELEASE —A mo¬ 
mentary contact push button to lock up S4F with¬ 
out waiting for operation of delay relays. May 
be operated in an emergency after a power inter¬ 
ruption wdien the operator may prefer to risk a 
shortening of the life of rectifier tubes in order 
to avoid loss of program time. 

K2F— CIRCUIT BREAKER RECLOSE —This momentary 
contact push button may be operated to reclosc 
the plate circuit breaker CBIOP after it has been 
tripped open twice in rapid succession and the 
recloser will not operate automatically. 

K3F— ^LAMP RESET —A momentary contact push but¬ 
ton which may be operated to reset the overload 
lamps after an overload indication. 

K5F— -OSCILLATOR-AMPLIFIER OVERLOAD RESET —Tllis 
momentary contact push button may be operated 
to reset the oscillator-amplifier overload. 
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4. Pozver Equipment, All manual circuit break¬ 
ers in the distribution cabinet should be kept in the 
ON position. In case any of these breakers trip 
open due to an overload they should be reclosed by 
first throwing to the off position to latch the 
handle and then throwing to on. 

5. Cooling System. Circuit breakers DIW and 
D2W (405A-2), or switch DSC (405B-2) should 
be kept in the on position. 

6. Control Desk. The control circuit switches ir 
the desk operate in conjunction with control unit 
switches described above, as follows: 

D6CD operates 3 way with DlOF 
D7CD operates 3 way with DIF 
D8CD operates 3 way with D2F 
DOCD operates 3 way with D3F 
DIOCD operates 3 way with D5F 
DllCD o[K*rates 3 way with D4F 
D12CD operates 3 way with DOF 
D13CD operates with K5F 

D14CD operates with K2F 

10-9j. Lamp Functions —The control desk 
lamps are omitted from the following description. 
They operate in parallel with control unit lamps. 

1. Operation Lamps 

EIF—Green lamp above DIF kkctifier fila¬ 
ments. 

E3F—Green lamp above D2F— cooling system. 
E54F—(jrecn lamp above DlOF— osc.-amp. fila¬ 
ments. 

The above three lamps light as soon as power is 
supplied to the control circuit. I'hey are extin¬ 
guished only by opening the main disconnect circuit 
lireaker C^BIP, the branch circuit breaker CB3P, 
the a-c control-circuit breaker D53F, or a failure 
of TIF. 

E2F—Red lamp above DIF rect. fil. lights when 
DIF is ON. 

E4F — Red lamp above D2b' (ooling system lights 
when D2F is on. 

E55F — Red lamp above DlOb" osc.-amp. fil. lights 
when DlOF is on. 

E5F— RECTIFIER FILAMENTS White lamp on vertical 
nameplate. Lights when DIF, rect. fil. switch, 
is in ON position. 

E6F—Green lamp above D3F amp. fil. lights when 
the COOLING SY.STEM is ON and the flow relay 
WDIW (or ADIC) has operated to energize 
SIF. 

P37F—Red lamp above D3F amplifier filaments 
lights when D3F is thrown to on provided the 
green lamp is also lighted. 

E8F—White light on vertical nameplate cooling 
SYSTEM lights under same conditions as E6F. 
E9F— amplifier filaments lights when D3F is 
ON and has energized the filament contactor S2P. 

A.ssociated with each lamp is a series resi.stor. The 
lamp will be extinguished by a failure of either the lamp 
oi resistor. 


ElOF— RECTIFIER FIL. DELAY lights provided E5F 
has lighted and delay relays S2F and S16F have 
operated or KIF has been operated to energize 
S4F. 

El IF—osc. AMP. GATE lights after ElOF lights pro¬ 
vided DllF is in the operate position and all 
doors on oscillator-amplifier unit are closed. 
E12F— ANT. coup, gate lights after El IF provided 
door switches on the antenna coupling unit arc 
closed. 

E13F— POWER amp. gate lights after E12F pro¬ 
vided all doors on the power amplifier unit are 
closed. 

E15F—n. V. RECT. GATE lights provided the high- 
voltage grounding switch is open and the gate to 
the enclosure is closed and properly locked. 

E19F—(jreen lamp above D5F osc. amp. plate 
VOLTAGE lights after E15F provided D4A plate 
RECTIFIER is left ill ON position. Indicates D5F 
mav be operated to apply plate voltage in the 
o>cillator-ainpIifier unit. 

E2l)i‘'—Re<l lamp above D5F osc. amp. plate volt¬ 
age indicates D5F is in on position. 

E21F— POWER AMP. BIAS lights after E15F provided 
contactor 841* operates to energize the power 
amplifier bias rectifier. 

E23F—Green lamp above D4F ii. v. rectifier 
lights after E9F amp. fil. provided contactor 
S4P operates to energize the power amplifier bias 
rectifier. Indicates the transmitter is ready for 
the application of high voltage. 

E24F—Red lamp above D4F ir. v. rectifier lights 
with E23F if D4F is throw'ii to on. 

E26F, E27F— high voltage rect. circuit breaker, 
OPEN — CLOSED indicates the position of the plate 
circuit breaker after D4F has been thrown to on 
and E24F lights. If E24F is lighted, E27F indi¬ 
cates the breaker is in the open position. The 
breaker may be closed by operating K2F circuit 
breaker reclose. E26F will then light. 

E53F— FILTER condenser switch lights when the 
plate-circuit breaker is closed and after the delay 
relay S13F has operated .SIP, short-circuiting 
the conden.ser charging resistance. 

This is the last operate lamp to light and indi¬ 
cates that all power circuits have been properly 
energized. 

2. Oi’erload Lamps ^ 

E30F— power amp. v2 is extinguished by the opera¬ 
tion of overload relay S2C. 

E31F— POWER amp. f 1 is extinguished by the op¬ 
eration of overload relay SIC. 

6 These lamps are energized from transformer T2F 
through contacts on the lamp relays, the coils of which 
receive current from the c^per-oxide rectifier XlF sup¬ 
plied from transformer T4F. They are lighted only by 
the operation of key K3F designate lamp reset. Once 
lighted they are extinguished individually by the operation 
of some overload or protective relay. The opening of the 

A-C CONTROL CIRCUIT POWER or D-C CONTROL CIRCUIT POWER 

switches (DS3F or D.S4F) will extinguish all of them. 
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E48F— HIGH voltage rectifier i>-c is extinguished 
by the operation of overload relay SIG. 

E50F—HIGH VOLTAGE RECTIFIER ccT. BKR. is extin¬ 
guished by any circuit operation that opens the 
plate-circuit breaker. If this lamp (E50F) is 
extinguished without any other lamp indicating a 
circuit abnormality, then the a-c trip elements in 
the breaker have operated to open the breaker or 
the control circuit for the breaker hjvs opened. 
E51F—PROTECTIVE CIRCUIT is extinguished by the 
operation of relay S3C which energizes relay 
SlOA to momentarily remove the carrier. 

E52F—osc. AMP. is extinguished by the operation 
of S7A which occurs when the 3rd amplifier stage 
of the oscillator-amplifier draws abnormal plate 
current. 

10-9k. Supplementary Notes 

1. Puses. The only fuses used in the equipment 
are as listed in 'Fable 11. Each fuse should be 
tested for continuity before placing in the fuse 
mounting. 

2. Indicating Lamps. Western Electric type K1 
lamps are used for indicating lamps in the control 
unit and oscillator amplifier unit. General Electric 
Mazda No. 46 lamps are used to illuminate the 
meters. 

3. Vacuum Tubes. The types of vacuum tubes 
used and their circuit designations are given in 
Table 12. 

4. Rectifier Tubes. The life of the 31SA vacuum 
tube is greatly affected by the care that is taken to 
make certain that these tubes have been thoroughly 
warmed before the application of plate voltage. 
The relay S2F which is incorporated in the control 
circuit of this equipment prevents the application 
of plate voltage for three minutes, but it is advan¬ 
tageous when time permits to use a longer preheat¬ 
ing time particularly when the ambient temperature 
is low. Tubes which have not been operated for 48 
hours should be run with filament voltage for 30 
minutes before applying plate voltage. New tubes 
should be operated with filament voltage for at least 
two hours before application of plate voltage. If 
at the end of this time it appears that any mercury 
is still condensed on the anode or upper part of the 
tube, particularly on the glass near the anode seal, 
the heating should be continued until all of this 
mercury has been evaporated and deposited in the 
lower end of the tube. If this preheating is done 
at reduced filament voltage, as is done when the 
tube is inserted in the spare tube socket, the pre¬ 
heating time should be increased to four hours. If 
a new tube arcs back on application of plate voltage 
the filament should be heated further and the tube 
tried several times again before the tube is rejected. 

When first received all 315A vacuum tubes should 
be tested, after first warming the tube filaments as 
described above, by operating the tubes in the recti¬ 
fier at reduced plate voltage (power-change switch 


in REDUCED POWER position) for five minutes. The 
tubes should then be operated at full voltage for 
approximately ten minutes. Tubes kept as spares 
should be given a similar test monthly to make cer¬ 
tain that slow leaks or other troubles may not have 
developed while in storage. 

5. Air Filter. The spun-glass air filter in Unit 
C of the 405B-2 equipment may be cleaned, when 
and if necessary, by removing it from the unit, and 
pouring water through it, from the inside to the 
outside. Also, the outside may be brushed to re¬ 
move any accumulated dust. Warm water or car¬ 
bon tetrachloride may be used if there is any indica¬ 
tion of a grease deposit on the filter. 

6. Motor Blmver Lubrication. The blower oil 
cups should be occasionally filled with a medium 
machine oil. The motor has grease-packed ball 
bearings and requires infrequent attention, instruc¬ 
tions for which are printed on a card attached to 
each motor. The motor and blower are accessible 
through the front doors. 


Table 1 

D-1 51215 OSCILLATOR-AMPLIFIER 
TYPICAL METER READINGS 


Design 

No. 

Title 

Reading 

M3A 

Plate Rectifier 

2950 to 3050 volts 

M4A ! 

3rd Amp. Plate Current 

1.50 to200 ma. 

♦M5A 

3rd Amp. Plate Current 

0.4 to 0.8 am¬ 
pere 

M7A 

Antenna Current 

Ia=VP/R. 

M2A 

“Test Meter” Switch Posi¬ 
tion: 


Osc. No. 1 Grid/2 

.05 to .1 ma. 


Osc. No. 2 Grid/2 

.05 to .1 ma. 


Osc. Plate X 10 

2 to 5 ma. 


VI Plate X 20 

2 to 12 ma. 


V2 Grid X 5 

0 to 4 ma. 


V2 Plate X 100 

40 to 60 ma. 


3rd Amp. Grid x 10 

0-1 ma. 


V3 Plate X 200 

80 to 110 ma. 


V4 Plate X 200 

80 to 110 ma. 


V5 Plate X 200 

Not used 


V6 Plate X 10 

5 to 9 ma. 


V7 Plate X 100 

30 to 35 ma. 


V8 Plate X 100 

30 to 35 ma. 


V9 Plate X 20 

6 to 10 ma. 


VIO Plate X 20 

6 to 14 ma. 


Bias Load x 200 

120 to 160 ma. 


♦MSA will not incliciite after LlOA is disconnected. 


Table 2 


D-151215 oscillator-ampi.ifier 

PLATE SCREEN AND FILAMENT VOLTAGES 


Desig. No. 

Plate 

Screen 

Grid 

Filament 

VIA. V2A. V7A & 

450 to 500 

180 to 200 

325 

12.4 to 12.8 

V8A 





V3A. V4A 

2950 to 3050 


325 

13.7 to 14.3 

V6A 

200 to 250 

170 to 190 


9.8 to 10.2 

V9A & VlOA 




6.1 to 6.5 

VI1A 




4.9 to 5.1 

VI2A to VESA incl. 




2.45 to 2.55 

V16A 




1.3 to 1.7 

VIA of 702A Osc. 

240 to 260 




No. 1 & No. 2 

at Term. 2 



1.95 to 2.05 




STANDARD BROADCAST TRANSMITTERS 


395 


Table 3 


d-151215 oscillator-amplifier 

PRELIMINARY COIL ADJUSTMENTS 



L3A 

L5A 

LlOA 

Frcq. 

Active 

Unused 

Active 

Unused 

Active 

Unused 


Tunis 

Turns 

Turns 

1 urns 

T urns 

Turns 

550 

56 

Open 

55 

Open 

42 

Open 

600 

50 

Open 

50 

Open 

40 

Open 

700 

46 

Open 

43 

Open 

35 

Oj)en 

800 

42 

Open 

37 

Open 

32 

Open 

900 

39 

Open 

32 

Open 1 

29 

Open 

1000 

36 

Open 

28 

Open 

27 

Open 

1100 

34 

Open 

24 

Open 

25 

Open 

1200 

31 

Open 

21 

Shorted 

24 

Open 

1300 

29 

OjK'n 

18 

Shorted 

22 

Open 

1400 

28 

Open 

15 

Shorted 

21 

Open 

1500 

27 

Open 

13 

Shorted 

20 

Ofxjn 

1600 

25 

Optm 

11 

Shorted 

18 

Open 


LIA 

550 — 1000 kc T’se entire coil. 

1010 — 1600 kc Short upper section. 


L8\ 

550 — 800 kc XTsc entire coil. 

810— 1200 kc Tse 2 sections, 

1210— 1600 kc Use 1 section. 

CONDENSER ADJUSTMENIS 

It will be necessiiry to acid fixed condensers C51.1A 
to C51.3A to variable condenscT C20A dependinp: upon 
the grid input adjustment of the Power Amplifier unit. 


Table 4 


d-151215 OSCILLATOR-AMPLIFIER 
RESISTANCE ADJUSTMENTS 


Resistance 

Designatiun 

Terminations On 

Designated Resistance 

Approx. 
Re8i^tallce 
in Oliins 

R61A 

First slider to lower end 

600 

R61A 

First slider to second slider 

400 

R60A 

Second slider on R61A to first 
slider on R60A 

5000 

R60A 

First slider to second slider 

4200 

R62A 

First slider to lower end 

5000 

R62A 

First slider to second slider 

5000 

R63A 

Second slider on R62A to slider 
on RC3A 

5600 


VOLTAGES WITH ABOVE ADJUSIMENIS 


Designation 

Termination On 

Approximate 

Designated Resistances 

Voltage 

R61A 

First slitler to lower end (ground) 

14 to 20 

R61A 

Second slider to ground 

30 to 50 

R60A 

First slider to ground 

190 to 210 

R60A 

Second slider to ground 

460 to 510 

R60A 

First slider to ground 

80 to 100 

R62A 

Second slider to ground 

240 to 250 

R63A 

Slider to ground 
'I'hird slider to ground 

430 to 450 

R65A 

325 to 375 

R65A 

Second slider to ground 

325 to 375 

*R45A 

Slider to ground 

450 to 500 


* Adjustment ot the slider on R45A may recjuiie a readjust¬ 
ment of the slider on R63A to bring the screen voltage ot 
V7A and VKA within the limits specitied in Table 2. 


Table 5 

D-151239 (or d-151218) power amplifier 

PRELIMINARY ADJUSTMENTS 


Carrier 
h req. 
kc 

L3C 

L.SC 

L6C 

L7r 

Sect 

L8C 

Sect 

Lve 

LIOC 

LllC 

L12C 

Sect 

LUC 

LUC 

L15C 

L16C 

Sect 

L17C 

Sect 

L18C 

no.i 

c 

ClO.2 

C 

('20C 

r2ic 

C22C 

550 

110 

115 

110 

9 

10 

120 

37 

15 

5 

85 

125 

80 

8 

8 

17 

.0025 

.02 

.0(K)4 

.0025 

.0025 

600 

100 

95 

92 

9 

10 

100 

35 

16 

5 

75 

120 

72 

8 

8 

12 

.0025 

.02 

.0004 

.0025 

.0025 

700 

90 

82 

80 

8 

10 

115 

32 

20 

5 

68 

100 

66 

7 

7 

20 

.002 

.02 

.00035 

.0015 

.0015 

800 

90 

65 

62 

8 

10 

70 

28 

20 

4 

62 

90 

60 

7 

7 

17 

.0015 

.015 

.00025 

.00151 

.0015 

900 

75 

55 

53 

8 

10 

54 

30 

20 

4 

61 

80 

55 

6 

6 

15 

.0015 

.015 

.0002 

.0015 

.0015 

1000 

65 

52 

49 

8 

9 

45 

29 

15 

4 

56 

80 

50 

6 

6 

18 

.0015 

.015 

.0002 

.001 

.001 

1100 

58 

43 

40 

7 

9 

42 

28 

12 

4 

50 

70 

47 

5 

5 

17 

.0008 

.008 

.00015 

.001 

.001 

1200 

70 

48 

45 

7 

9 

35 

27 

16 

3 

46 

60 

43 

5 

5 

17 

.0008 

.008 

.00015 

.0008 

.0008 

1300 

58 

42 

40 

6 

9 

26 

26 

16 

3 

42 

50 

39 

4 

4 

15 

.0005 

.005 

.0001 

.0008 

.0008 

1400 

53 

40 

36 

5 

9 

31 

25 

17 

3 

29 

40 

36 

4 

4 

13 

.0005 

.005 

.0001 

.0008 

.0008 

1500 

46 

37 

34 

5 

8 

29 

18 

18 

2 

25 

30 

26 

4 

4 

13 

.0005 

.005 

.0001 

.0008 

.0008 

1600 

40 

34 

30 

4 

7 

26 

12 

19 

2 

20 

20 

20 

3 

3 

12 

1 

.0004 

.004 

.00005 

.0006 

.0006 


All above coil settings are approximate only, and are given merely for convenience in arriving at the correct adjustment 
as described in the text with a minimum of difficulty. 
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Table 6 

i>-l 51239 (or d-151218) power amplifier 

TYPICAL METER READINGS 


]>r8ig. 

No. 

Title 

5 kw 

Reading 
2.5 kw 

1 kw 

MU' 

TMate Current VI 

.55R-.60 A 

..38-..56 A 

.24-.3 A 

M2C 

Plate ('urrent V2 

.(W-.n A 

.05-.08 A 

.02-.04 A 

M.K* 

Filament Voltage 

iU-21..S V 

20-21.5 V 

20-21.5 V 

MU' 

Grid Ix>ad Current 

7(Ltl{)MA 

60-90 MA 

60-90 MA 

M.SC 

ToUl Plate Current 

.68-.70 A 

.46-.S1 A 

.26-.315 A 

M6r 

IraiiH. Line ('urrent 





Antenna ('urrent 




M7C 

d t Protective Circuit 

(KI MA 

0-2 MA 

0-1 MA 


'Iabli: 7 

d-151238 (or d-151219) control unit 

TYPICAL METER READINGS 


Desig. 

No. 

Title 

5 kw 

Reading 
2.5 kw 

1 kw 

MIF 

Power Supply 

2.m V 

2.R) V 

230 V 

M2F 

P. A. Bias VI 

300 V 

300 V 

275 V 

M3F 

P. A. Bias V2 

4.50 V 

3.50 V 

350 V 

M7F 

P. A. Plate 

11.8-12.2 KV 

8.2-8.4 K.V 

.5.3-5.4 KV 

M8F* 

lanikage Current 
(Max.) 

2 MA 

2 MA 

2 MA 

MIOF* 

Water I^ressure 

10-25 lbs. 

10-25 Ibh. 

10-25 lbs. 

ri)ur* 

Water renii)eratuie 

75“-180° F. 

7.5®-1.50“ h 

75°-1.50‘» F. 


* Note: M8K, MlOK, and TDIK are omitted in the 405B-2 
Equipment. 


Tabi.e 8 

H. V. PLATE IRANSFORMER CONNECTIONS 
FOR REDUCED POWER 


II 

Reduced 

Power 

Distribution ('abinet 
'rermiiials 41, 42, 4.1 
('oimected to 

I )isti ibutioti ('abinet 
'I erminals 34, 35, 36 
Connected to 

5 KW 

2.5 KW 

X8, X9, X7 

X4, X6, X5 

5 KW 

1.0 KW 

Xll, X12, XIO 

X4, X6, X5 

2.5 KW 

1.0 K W 

XU, X12, XIO 

X7, X9, X8 


'1'ABLK 9 

OVERLOAD RELAY ADJUSTMENTS 


I loHignation 
No. 

Set to 
OptM.ite at 

Adjust, by Means of 

S7A 

0.7 amp. 

R67A 

SIC 

1.0 amp. 

Relay adjusting screw.s 

S2C 

1.0 amp. 

Relay adjusting screws 

SIG 

2.0 amp. 

R2G 


Table 10 

SAFI'ITY GAP SETTINGS 


(>ap 

spacing 

GIC 

.010 inch 

G2C 

.010 inch 

GIG 

.010 inch 

Gap on Plate Retard (LIP) 

0.30 inches 


Table 11 


FUSES 

Desig. No. 

Current Rating 

Cat. No. 

Fl.lA 

F1.2A 

F2.1A 

F2.2A 

F3A 

5 Amp 250 Volts 

5 Amp 250 Volts 

2 Amp 250 Volts 

2 Amp 250 Volts 

1 Amp 2500 Volts 

D&W Cat. No. 1456 
D&W Cat. No. 1456 
O&W Cat. No. 91002 
D&W Cat. No. 91002 
D&W Cat. No. 2760 


Table 12 


vacuum tubes 


Unit 

Designation 

Code No. 

Desig¬ 

nation 

Code 

No. 

D-1.51215 

VIA 

RCA 837 

VlOA 

345A 

Oscillator 

V2A 

RCA 837 

VllA 

274A 

Modulator 

V3A 

241B 

V12A 

249B 


V4A 

241B 

V13A 

249B 


V6A 

31()A 

V14A 

249B 


V7A 

RC V 837 

VISA 

249B 


V8A 

RCA 837 

V16A 

249B 


V9A 

345A 

VI of 702A 
Ohc. No. 1 
VI of 702A 

247A 




Osc. No. 2 

247A 

D-151239 

VIC 

3«A 405A-2 



(or D-15121K) 


343AA 405 B-2 



Power 

V2C 

34 3A 405A 2 



Amplifier 


343A \ 405 B 2 




V3C 

271A 



D-99114 

vu; 

315 A 



(oi D-151224) 

V2G 

315A 



High Voltage 

V3G 

315A 



Rectifier 

V4(; 

315 A 




V5G 

315A 
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10-10. RCA Type 1-K Broadcast Transmitter 

—The RCA type 1-K bro»Tdcast transmitter equip¬ 
ment is identified !)y the stock number MI-7186-A 
and is comprised of the following items: 

1 type 250-K exciter 
1 type 1-K power-amplifier unit 

1 type 1-K power c(]uipment section 

2 type TMV-129B crystal unit, complete with 
crystal 

1 power-change equipment (supplied only if 
250/500, 250/10(X) or 500/1000 watt opera¬ 
tion is desired) 

2 sets tubes 

1 set miscellaneous hardware 
1 r-f output meter 

The RCA type 1-K amplifier equipment, for use 
with a 250-K transmitter already installed, is identi¬ 
fied by the stock number MT-7187, which is com¬ 
prised of the following items. 

1 type 1-K power-amplifier unit 
1 type 1-K power equipment section 
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1 conversion kit (to convert type 250~K trans¬ 
mitter for use as an exciter) 

1 power-chang:e equipment (supplied only if 
250/500, 250/1000 or 500/1000 watt opera¬ 
tion is desired) 

2 sets tubes for 1-K power amplifier-modulator 
and 1-K power equipment section 

1 r-f output meter 

lO-lOa. Technical Summary 

1. Electrical Characteristics 

Frequency Range: 550 to 1600 kc 
Frequency Stability: =tl0 cycles 

Carrier Shift: Less than 5% from 0 to 100^’,' modulation 
(50 to 7500 cycles) 

R-f Harmonics: Less than 0.05 

Power Outputs: 250/500, 250/1000, 500/1000, 500, 1000 
watts 

Output Circuits: Usual antenna, or 70 to 600 ohm trans¬ 
mission line 

I'ype of Modulation: High level, Class B 
Audio Input Level— 

At 100% modulation (sine wave): +11 vu 
At average program level: +5 vu 
Audio Response: Within ±1.5 db from 30 to 10,000 cycles 
Audio Distortion: Less than 3% r-m-s—from 50 to 7500 
cycles 

Noise Level: 60 db below 100% modulation level 
Main Power Supply: 220 to 240 volts, 50/60 cycles, single 
phase 

l^ermissible Line Voltage Variation: ±5% 

Power Consumption at 1000 watts r-f output: 

(at 100% modulation) approx. 5700 watts 
(at average program level) approx. 4500 watts 
Power Consumption at 500 watts r-f output: 

(at 100% modulation) aporox. 4900 watts 
(at average program level) approx. 3700 watts 
Power Consumption at 250 watts r-f output: 
at 100% modul.llion) approx. 4450 watts 
at average program level) approx. 3350 watts 
Crystal Heater Power Supply: 115 volts, 50/60 cycles, 
single phase 

Power Consumption: 30 watts 

2. Tube Complement 

Exciter—Amplifier Unit ‘‘250-K”- 
Cryst.'il Oscillator: 1 RCA-802 
Buffer: 1 RCA-828 

Intermediate Power-Amplifier: 1 RCA-810 
First Audio: 2 RCA-6J7 
St‘cond Audio: 2 RC.A-828 
Main Rectifier: 2 RCA-872 
Bias Rectifier: 1 RCA-80 
Power-Amplifier Unit— 

Power-Amplifier: 2 RCA-833-A 
Modulator: 2 RCA-833-A 
Bias Rectifier: 2 RCA-866 
Main Rectifier: 4 RCA-872 

3. Mechanical Specifications 

Number of Cabinets: 3 

Type of Constructitm: Vertical Chiissis 

Flcx)r Area: 14.5 sq. ft. 

Dimensions (overall)'- 
Width: 108J inches 

Height (including lead-in bushings): 84J inches 
Depth: 201 inches 

Depth (including rear door swing): 38i inches 
Weight (net)— 

Exciter-Amplifier Unit: 1360 pounds 
Power Amplifier-Modulator Unit: 1000 pounds 
Power Equipment Unit: 1050 jxiunds 
Total Floor Load: 3410 pounds 


lO-lOb. Description —This transmitter will pro¬ 
vide reliable, high-fidelity operation at any fre- 
queiKy between 550 and 1600 kc with negligible 
distortion and low carrier noise. It is very easily 
installed^ requiring only the connection of external 
wiring and the bolting of cabinets together. When 
the type 1-K amplifier equipment is being added to 
an existing 250-K installation, several minor altera¬ 
tions are required to convert the 250-K transmitter 
into an exciter for the type 1-K transmitter. A 
conversion kit is supplied with the equipment to 
facilitate the changeover. These changes have been 
made at the factory on the complete type 1-K trans¬ 
mitter. The eciuipment requires a single-phase 
power supply of 230 volts, 50/60 cycles. The trans¬ 
mitter will deliver rated power into a 70- to 600-ohm 
transmission line or into any type of antenna nor¬ 
mally Used with l)roa(lcast transmitters. Convenient 
terminals are provided for sup])lying energy to oper¬ 
ate modulation and fre(|uency monitors, and a moni¬ 
toring amplifier. 

The transmitter as normally supiffted is wired for 
operation only at its full-rated power output of 1000 
watts or only at a lower output of 500 watts. If 
it is desired to operate the equipment at 250/500, 
250/1000 or 500/1000 watts, this may be accom¬ 
plished by using the power change e(|uipmcnt kit 
listed under equu^ment. This kit may be added to 
the transmitter at any time. 

IQ-lOc. Construction —The cabinet enclosures 
are designed to produce a unified and distinctive ap¬ 
pearance as shown l)y h'igure 10-20. All necessary 
controls are groui)ed conveniently on illuminated 
panels. Adjustments are facilitated by the liberal 
provision of meters, which are mounted at eye level 
on hinged ])anels located just above the controls. 

Access to the rear of each meter panel is obtained 
by fir.st operating the release handle, which is 
reached through a chassis hand-hole from the rear, 
and then by swinging the panel forwtird. The panel 
is held in its raised position by stay joints. The 
handle which operates the panel-catches operates, in 
addition, a high volttige interlock switch. 

All transmitter components are mounted on verti¬ 
cal type chassis and each is readily accessible from 
the rear through full-length doors. The opening of 
these doors operates high-voltage interlock switches. 
In making repairs and replacements it is necessary 
to remove the chassis. The edges of all wire holes 
are rounded, and the holes are of sufficient size to 
permit wires to be removed or replaced easily should 
this ever be necessary. Sufficient lengths of wire 
are provided to permit ea.sy removal of the terminal 
boards and high voltage terminals. Shields arc 
placed behind the high-voltage terminal bushings to 
protect them against accidental short circuits.* The 
bushings may be removed and the wires “fished in” 
if necessary. 
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Fig. 19-20. RCA 1-k standard broadcast transmitter. 


The equipment is mounted in three cabinets, 
shown in Figure 10-22 as the 250-K exciter, the 
center unit, and the 1-K amplifier. The 250-K 
EXCITER includes the crystal oscillator, the low- 
power audio and radio-frequency staj?es, and their 
power supplies. The center unit contains the heavy 
power and modulation transformers. The 1-K 
amplifier cabinet contains the power-amplifier 
staj^e, components of the modulator stage, and their 
power supplies. 

IQ-lOd. Circuit Design—A schematic diagram 
for the complete transmitter is given in P'igure 
10-22. It will be noticed that the circuit is divided 
into two sections, one labeled type 250-K exciter 
and tile other type 1-K amplifier. The various 
items of the first section are designated by code 
numbers prefixed by the number “1”; the items of 
the second section have code numbers prefixed by 
the number The various, sub-divisions of the 

'‘250-K” section will be referred to in the following 
discussion as: oscillator; buffer; intermediate 
power-amplifier; first audio stage; second audio 
stage; second audio bias rectifier; exciter plate- 
voltage rectifier. The sub-divisions of the *T-K” 
section consist of the power-amplifier, modulator, 


modulator bias rectifier and power-amplifier plate- 
voltage rectifier. 

The names of the switches and controls on the 
25Q-K panel arc, in some cases, the same as those 
on the 1-K panel. To avoid confusion, references 
to controls located on the 250-K panel will include 
the control name, preceded by the word “exciter” 
or by “250-K.” Similarly, names of the 1-K panel 
controls will be preceded by the word “amplifier” 
or by “1-K.” 

1. Radio-frequency Circuits. Excellent frequency 
stability is attained by the use of a low temperature- 
coefficient crystal installed in a temperature- 
controlled chamber, and connected between the con¬ 
trol and screen grids of the RCA-802 oscillator 
tube. Vernier frequency control is obtained by an 
adjustment of capacitor 1C2 which is connected in 
parallel with the crystal. 

Two stages of r-f amplification follow the oscil¬ 
lator stage. The first, or buffer, stage uses an 
RCA-828 tube and the second, the intermediate 
power-amplifier, uses an RCA-810 tube. The 
powder-amplifier stage includes two RCA-833-A 
tubes, connected in a push-pull circuit. 

The power-amplifier is inductively coupled to the 
antenna or transmission line through a “T” section 
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Fig. 10-21. Rear view of RCA 1-K broadcast transmitter. 


filter, which ofiFcctively reduces radio-frequency 
harmonics. 

2. Audio-Frcqiicncy Circuits, The audio-fre¬ 
quency amplifier consists of two stajjes of push-pull 
amplification, the first containing^ two RCA-^SJ? 
tubes and the second two RrA-828 tubes operated 
Class A. The modulator contains two RCA-833-A 
tubes. 

The use of neg^ative feedback around the three a-f 
stages results in an extremely low order of distor¬ 
tion. The entire audio system is designed in such 
a manner that it is inherently stable. 

A 6-db pad (1A8), is connected across the pri¬ 
mary side of the input transformer to the first 
stage of audio amplification. If it becomes de¬ 
sirable, for any reason (such as insufficient audio 
level at the output of the line amplifiers), this pad 
may be eliminated from the circuit without any 
serious consequent change in the performance of 
the transmitter. 

3. Control Circuits, The control circuits serve 
to provide convenient operation and adequate pro¬ 
tection to the tubes and other components. No 
fuses are used except in the crystal heater circuit, 
protection elsewhere being afforded by magnetic or 
thermal circuit breakers. 

When the main line breaker (2S1) is open, all 
power is removed from the transmitter. However, 


voltage is still present in the connections between 
the power input terminals and this breaker, and 
power is still applied to the crystal heating circuit. 
When this breaker is closed, the panel illuminating 
lamps (2A1 and 1A7) are lighted. The filament 
lamp of the 1-K panel is also lighted when the i.ink 
switch (2S1) is closed. The filament breakers 
(1S2 and 2S2) protect all filament circuits and in 
addition, serve as filament switches. When these 
breakers are closed, and 2S1 and ISl are closed, 
filament power is available to all tubes. Under this 
condition, a buzz in the transmitter should be heard. 

This buzz originates at the holding coils of the 
PLATE breakers (1S3, 2S3), and is an indication 
that the electrodes of the time delay relay (1E4) 
have not yet ‘‘closed.” llie plate breakers cannot 
be closed until this time delay relay which protects 
the rectifier tubes filaments has operated. 

The time delay relay (1E4) is a plunger type, 
mercury-filled unit. A glass tube, containing two 
electrodes, is partially filled with mercury, on which 
floats an iron plunger. The tube is encircled by a 
solenoid, which is so positioned that when energized, 
it pulls the iron plunger down. The mercury dis¬ 
placed by the plunger rises and contacts the elec¬ 
trodes, thus closing that circuit. The velocity of 
rise of the mercury, or ‘‘delay,” is controlled by the 
rate of gas seepage through the porous wall of a 
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gas chamber. For this relay the design is such that 
an interval of about 30 seconds elapses before the 
electrode circuit is closed. The circuit is opened, 
however, about 2 seconds after the relay coil is 
de-energized. 

When the time delay relay contacts are closed, 
the coil of the auxiliary relay (1E5) is energized. 
This latter relay de-energizes the holding coils of 
the PLATE breakers (1S3, 2S3), permitting these 
breakers to be closed n)y operation of the front 
panel levers), and thus allowing application of the 
plate voltages. The 2 second opening time of relay 
(1E4) serves to prevent breakers (1S3, 2S3) from 
opening in case of a momentary power failure. In 
order to accomplish this, relay (1E5) operates con¬ 
siderably faster than breakers (1S3, 2S3). 

Seven interlock switches (1S4, 1S8, 1S9, 2S5, 
2S6, 2S7, 2S8) are connected in series with the pri¬ 
mary power circuits of the plate transformers. The 
PLATE indicator lamps (1A4 and 2A2), located on 
the control panels, are connected directly across the 
primary terminals of the plate transformers. These 
lamps are illuminated when the transformers are 
energized. 

4. Pmver Supply Circuits. A full-wave rectifier 
containing two RCA-872 tubes supplies plate volt¬ 
age for the oscillator, buffer, and intermediate 
power-amplifier, and for the first and second stages 
of audio amplification. Bias voltage for the .second 
audio stage is supplied by a rectifier using an 
RCA~80 tube. A full-wave, bridge type rectifier 
employing four RCA-872 tubes supplies plate power 
for the power-amplifier and modulator. Modulator 
bias is provided by a rectifier using two RCA-866 
tubes. 

Power reduction may be obtained by means of 
the resistors which are connected, in series with the 
high-voltage plate supply of the power-amplifier and 
by changing the connections to the taps on the plate 
transformer (2T7). The wiring diagram shows 
the connections which are required for different 
power operating conditions. For 500/1000-watt 
operation, the resistors 2R26 to 2R33 are combined 
to total 2050 ohms (maximum). For 250/1000- 
watt operation, thc.se resistors are combined to total 
4600 ohms (maximum). For 250/500-watt opera¬ 
tion, the plate voltage is reduced by means of the 
taps on the plate transformer, and the change is 
obtained with the resistors combined to total 2050 
ohms. One of these power change resistors is vari¬ 
able in order that adjustments may be made as 
required for a specific installation. When the 
power change is desired, these resistors may be 
inserted and removed from the circuit by means of 
a relay (2E1), which is operated by the power 
CHANGE switch, located on the control panel of the 
exciter unit. Wlien the transmitter is to be oper¬ 
ated only at 500 watts, the plate voltage may be 
reduced by means of the taps on the plate trans¬ 
former. In this case the relay, resistors and switch 


are not employed. When the modulator is operated 
at reduced plate voltage, such as in 500 and 250/500- 
watt operation, it will be necessary to change wires 
numbered 43 and 44 from taps 1 and 2 on the modu¬ 
lator bias transformer (2TS) to taps 4 and 5. 

5. Monitoring Provisions. Terminals 15C and 
16C are provided for connection of an audio¬ 
frequency monitor. A maximum level of approxi¬ 
mately -f 10 vu is available. A jack is provided 
in the buffer stage for connection of the frequency 
monitor. Another jack is provided in the power- 
amplifier for connecting the modulation monitor. 
An extra plug is supplied to permit connection of 
a cathode ray oscillograph for sampling the r-f 
voltages. 

lO-lOe. Preliminary Adjustments —All breakers 
should be opened before power is applied to the 
transmitter. It should be noticed that when the 
exciter p. a. overload and mod. overload breakers, 
and the 1-K mod. overload breaker (1S5, 1S6 and 
2S9 respectively) are open and high voltage is ap¬ 
plied to the transmitter, the cathodes of the associ¬ 
ated tubes are at a high potential with respect to 
ground. 

Refer to the capacitor and p. a. tank taps 
chart and connect the proper capacitors ^ and taps 
in the various tank circuits. These circuits are 
normally adjusted for 1000 kc when shipped. Since 
.'‘ome capacitors will have been relocated in 250-K 
exciters which have been converted from 250~K 
transmitters, it would be well to refer to the stock 
numbers and capacity values given in the parts list 
if any difficulty is experienced. A sutficient num¬ 
ber of links and connectors are provided to enable 
the connecting of any capacitor combination 
required. 

Check the primary tap connections on all trans¬ 
formers. Those in the exciter should be made to 
the 110 volt tap, with the exception of the plate 
transformer (1T5), which should be set on the 115 
volt tap, so that the rated plate dissipation of the 
tubes will not be exceeded. The primary connec¬ 
tions in the amplifier should be made to the 230 
volt tap. 

Insert all tubes in their proper sockets. 

Caution. Do not connect the plate caps of the 
6 RCA-872 rectifier tubes. Be sure that the plate 
caps of the RCA-828 tubes are connected. 

Close the exciter and amplifier line breakers. 
The panel illuminating lamps (1A7, 2A1) .should 
light and the line voltage meters (1M12, 2M11) 
should indicate. Adjust the variable transformer 
(2T2) until the meter 2M11 indicates 230 volts. 
Check all filament voltages. Adjust the controls 
1R23, 1R27 and 1R28 (located on the back of the 
rectifier chassis) if variation of filament voltages 
in the exciter unit is necessary. All filament volt- 

7 As stated previously, the terms “capacitor” and “con¬ 
denser” can be used interchangeably. 
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a8:es should be brought to within 2 per cent of their 
rated value. 

A total of about 95 volts should be available 
across the exciter bias-rectifier output. This volt¬ 
age may be measured across 1C61. Set the potenti¬ 
ometers (1R22 and 1R54), which are located on 
the back of the 250-K rectifier shelf, fully clockwise 
to provide maximum 2nd audio amplifier bias 
voltage. 

Allow the filament voltages to remain on. Insert 
the crystal holders in their proper sockets. Make 
certain that fuses (FI, F2) are installed in the fuse 
holders and then connect terminals 17B and 18B to 
a 115 volt power supply line. The crystal holders 
should reach their operating temperature (approxi¬ 
mately 60° C, 104° F) in about 30 minutes. Do not 
proceed further with any adjustments refjuiring the 
application of plate voltage during this period, since 
the rectifier tubes should have filament voltage ap¬ 
plied for approximately this length of time before 
the plate voltage is applied. 

Note: When an RC'A~872 tube is first placed in 
service, it should he operated for at least 15 minutes 
with the normal filament voltage, but without plate 
voltage applied, in order to properly distribute the 
mercury within the tube. This procedure need not 
be repeated unless during subsefiuent handling, the 
mercury is spattered on the filament or plate. 

Caution. During all tuning adjustments, it is 
essential that the 250-K moditlator overload and 
1-K MODULATOR ovKRi.oAD breakers (1S6 and 2S9) 
be kept open. Since the audio system will oscillate 
violently if the feed-back connections happen to be 
reversed, the plate voltage must not be applied to 
the audio tubes until after the feed-back polarity has 
been checked. The check will be described later in 
this instruction book. 

lO-lOf. Tabulation of Controls— 


KXCITKR (250-K) 

AMPLIFII-R (l-K) 

Panel Designation 

Symbol 

No. 

Panel Designation 

Symbol 

No. 

Buffer 

1L5 

P.A. Plate 

2L6 

P.A. Neut. 

1L7 

Modulator Bias, Left 

2R16 

P.A. Plate 

1L9 

Mridulalor Bias, Right 

2R17 

Power Output 

1R15 

Line \^)ltage 

2T2 

Loading 

ILIO 

Power Output 

2L7 

*None 

ILtl 



Power Change 

1S7 

Mod. Overload 

2S9 

Mod. Overload 

1S6 

Line 

2S1 

Line 

ISl 

Filament 

2S2 

Filament 

1S2 

Plate 

2S3 

Plate 

1S3 

P.A. Overload 

2S4 

P.A. Overload 

1S5 




♦ ILll is controlled by means of the knob at the rear of 
this inductor. It is accessible from the rear of the chassis 
after the rear doors have been opened. This control is 
referred to as “p-a grid tank coil.*' 

lO-lOg. Tuning —The crystal oscillator utilizes 
an RCA-802 tube with the crystal connected be¬ 


tween the control and screen grid. Any one of 
four reactors may be selectively connected in the 
plate circuit of this stage, each covering a portion 
of the total frequency range (550 to 1600 kc) as 
indicated in the tabulation which follows: 


Band Coverage (ftc) Coil 

550 to 700 .4 

700 to 1150. 3 

1150 to 1400 . 2 

1400 to 1600. 1 


The tuned circuit comprising coil of 1L3 and 
capacitor ICIO is provided so that this oscillator 
mav be used to cover the frequency band of from 
1600 to 2500 kc. 

The proper coil in the oscillator plate circuit 
should be connected before plate voltage is applied. 
If the oscillator should be sluggish in starting, the 
coil listed for the next higher frequency band should 
be emi)loyed. 

Aftci the 30 minute “aging” interval has elapsed, 
connec t the plate connectors to the 2 RCA-872 
mercury-vapor rectifier tubes in the exciter unit. 
The exciter plate breaker (1S3) may then be 
closed, thus applying plate voltage to the high- 
voltage rectifier. The control circuits should then 
be checked to see that all elements operate properly 
as previously described. The plate breaker should 
be checked to determine that the holding coil func¬ 
tions properly during the thirty-second warm-up 
periods, and the operation of the auxiliary relay 
(1E5), should be checked thoroughly. Each of the 
rear doors should be opened separately while plate 
voltage is applied to the rectifier. Opening cither 
door should remove the plate voltage. "Jlie meter 
panels should then be oj)ened to check the operation 
of the meter panel interlock switches. It should not 
be possible to apply plate voltage to the rectifier 
while either meter panel is open. 

This check should be repeated immediately after 
plate voltage has been ai)plied to the 1-K rectifier. 

When plate voltage is applied, three milliammeters 
should indicate current. They are, the oscillator 
PLATE (IMl); the I.st audio plate (1M9); and 
the BUFFER plate riM2) meters. The indications 
on these meters should correspond to those given in 
the chart of typical meter readings. 

The 1st audio plate meter should at first indi¬ 
cate approximately 2.5 ma. When plate voltage is 
later applied to the modulator stage, the plate cur¬ 
rent of this stage will change to that listed in the 
chart of typical meter readings. Measurement 
of plate current and plate voltages on the first a-f 
stage serves as a good check on these circuit ele¬ 
ments. The plate voltages to this stage should be 
read with a high resistance voltmeter, i.e., one hav¬ 
ing a resistance of at least 1000 ohms per volt. 

The oscillator may be checked for oscillation by 
removing the crystal holder from its socket. When 
this is done, the oscillator plate current should 
increase. 
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The buffer stag^e may be tuned by means of the 
control marked buffer (1L5). It should be ad¬ 
justed to the point which produces maximum grid 
current (on meter 1M4) in the intermediate power- 
amplifier tube. Minimum plate current in the buffer 
tube should be obtained at approximately the same 
point. When adjustments are made in the inter¬ 
mediate power-amplifier stage, it may be necessary 
to readjust the buffer tuning. It will be noted that 
the tank capacitors are arranged to form a capaci¬ 
tance voltage-divider in such a manner that when 
the values designated are used, proper excitation is 
supplied to the intermediate power-amplifier grid. 
Links are provided for capacitor connections in all 
exciter circuits in order that connections may be 
readily changed. 

Excitation for a frequency monitor is obtained 
from the potentiometer (1R14), which is connected 
across a capacitor in the ground side of the buffer- 
tank circuit. This potentiometer is provided in 
order that the excitation may be adjusted as re¬ 
quired. After the frequency monitor has been ad¬ 
justed, the frequency of the oscillator should be 
adjusted to zero beat with the monitor by means of 
the vernier capacitor (1C2), which is connected 
across the crystal. A screwdriver slot in a bakelite 
shaft, accessible from the rear of the oscillator unit, 
is provided for this adjustment. The spare crystal 
should also be checked against the frequency moni¬ 
tor by inserting it in the socket provided in the 
oscillator unit. The setting of capacitor 1C2 will 
probably be different for each of the two crystals. 

A shunt is connected across the intermediate 
power-amplifier plate-tank meter thermocouple 
(1M8). This shunt should be removed during the 
neutralizing adjustment and then replaced. The 
shunt gives the meter a multiplying factor of ap¬ 
proximately 1.6. After the transmitter has been 
completely adjusted and is operating at normal load, 
the shunt may be removed if the product of the 
meter indication and this factor (1.6) is less than 
3 amperes. 

The intermediate power-amplifier .should first be 
neutralized. Disconnect the two leads connecting 
the LOADING inductor, ILIO, at the point designated 
as *‘A” in Figure 10-22 and bolt them together. 
Then remove plate voltage from the intermediate 
power-amplifier by opening the plate lead at some 
point in the circuit, such as the plate terminal on the 
exciter modulation transformer (1T6). Close the 
250-K p A OVERLOAD breaker (1S5). Then, apply 
plate voltage to the rest of the exciter and tune the 
intermediate power-amplifier to resonance by means 
of the 250-K control marked plate. 

The approximate setting for this control may 
be obtained from the intermediate power-amplifier 
tuning chart. Resonance will be indicated by maxi¬ 
mum current on the 250-K output current meter 
(1M7) and on the 250-K power amp grid meter 
(1M4). The intermediate power-amplifier neu¬ 


tralizing control (1L7) should now be adjusted to 
the point where minimum currents are indicated for 
the intermediate power-amplifier plate tank and in¬ 
termediate power amplifier grid circuits. As the 
neutralizing control is varied, it will be found 
necessary to readjust the buffer and intermediate 
power-amplifier plate-tank tuning. 

If a noticeable peak on 1M7 and 1M4 is not ob¬ 
tained when tuning over the range of the plate tank 
inductor (p A plate), the setting of the neutralizing 
tank coil (pa neut) is probably near the neutraliz¬ 
ing point and it should be changed. 

Remove the plate voltage; reconnect the plate 
voltage lead of the intermediate-power-amplifier; 
turn the power output control (1R15) fully 
counter-clockwise; reapply plate voltage and adjust 
the 250-K p a plate control for mininnim plate 
current as indicated by the 250-K power amp plate 
current meter (1M3). 

The two leads to ILIO, previously disconnected, 
should be replaced and coils ILIO and ILll should 
be adjusted in accordance with the data of the tun¬ 
ing charts. Apply plate power to the r-f stages in 
the exciter and adjust the exciter loading control 
to the point that provides maximum power-amplifier 
grid currents. The grid circuit, consisting of load¬ 
ing COIL ILIO, coil ILll and the grid tuning capaci¬ 
tor ICA which is connected across these two coils, 
should now be tuned to parallel resonance. As this 
circuit is tuned, it may be found necessary to re¬ 
adjust the 250-K p a plate coil (ILO). 

If the p-a grid currents are found to be unbal¬ 
anced when the grid circuit is first tuned to reso¬ 
nance, balance may be obtained by rotating the p-a 
grid tank coil (ILll) a few turns and then re¬ 
adjusting the LOADING control to obtain the proper 
grid currents (sec table: typical meter readings.) 

When the proper loading has been obtained, as¬ 
suming that the 250-K p a plate coil (1L9) has 
been adjusted for minimum intermediate power- 
amplifier plate current, the intermediate power- 
amplifier should then be adjusted for maximum ef¬ 
ficiency. This condition does not occur at the point 
of minimum plate current. It is obtained by mak¬ 
ing the plate-tank circuit slightly capacitive and 
then adjusting the 250-K loading inductor for the 
proper output. A few such adjustments may be re¬ 
quired to arrive at the point of maximum efficiency. 

It is possible to adjust the grid circuit in a man¬ 
ner such that the grids of the power-amplifier are 
excited in parallel. If the loading coil (ILIO) is 
tuned to parallel resonance with the grid coupling 
capacitor and if there is sufficient reactance in the 
p-a grid tank coil (ILll), one power-amplifier tube 
(2V1) will be excited directly and the other tube 
(2V2) will be excited practically in phase through 
the p-a grid tuning capacitor (ICA). If this im¬ 
proper adjustment should be obtained, only a slight 
dip will result when the p-a plate tank coil (2L6) is 
tuned through resonance. Under this condition. 
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when the p-a grid currents are balanced, changing 
the setting of ILll will have little effect on tliis 
balance, i.e., changing the inductance of ILll will 
not unbalance the p-a grid currents. 

The transmitter, as shipped from the factory, has 
capacitor 1C58 (which is connected between the 
low potential terminal of coil ILIO and ground) 
short-circuited by means of a link. This link should 
be removed when the transmitter is operated at a 
frequency between 550 and 850 kc. When the 
transmitter is operated at a frequency between 1050 
and 1600 kc, capacitors 1C55 and 1C56 should be 
connected in series between the low potential ter¬ 
minal of ILIO and ground. This introduces a 
capacitive reactance at this point in the p-a grid 
tank circuit and prevents a parasitic condition from 
existing in the intermediate power amplifier stage 
in these two bands. No reactance is required at 
this point during operation in the frequency band 
between 700 and 1050 kc. 

lO-lOh. Power-Amplifier Tuning—Initial tun¬ 
ing of the power-amplifier should be performed with 
only a portion of the normal plate voltage applied. 
This may be effected by shifting the lead connected 
to terminal “2000” on the secondary side of the 
plate transformer (2T7) to tap “1450.” After the 
circuits have been tuned to resonance, the lead 
should be returned to the “2000” tap. 


The magnitude of the d-c voltage available from 
the power supply varies, depending upon the trans¬ 
former secondary taps connected, as follows: 

Secondary 2 crminaU ApproximaU Reehfied 

Used Voltage (d-c) 

Oand 2900 . 2650 

0 and 2050. 1870 

Oand 1450. 1325 

2050 and 2900. 780 

The number of turns on the tank coil (2L7) 
should be adjusted as specified in the capacitor 
AND P-A TANK TAPS CHART. At the lowcr broad¬ 
cast frequencies, only a few end turns normally 
will be shorted out of the circuit. If only one or 
two turns are left unused, they should be “opened” 
(instead of shorted) by detaching the end turn from 
its terminal post inside the coil form) at each end 
of the coil assembly, 'fhe tuning coil (2L6) should 
be set in its mid-position until the proper taps are 
found, in order to permit tuning through resonance. 
The plate tank capacitors, 2r 10-11-12-13, should be 
connected as indicated in the capacitor and p-a 
TANK TAPS CHART, Utilizing the connectors supplied 
as MT-7185-10H, C, D. Neutralization is unnece.s- 
sary since fixed neutralizing capacitors are employed. 

The plate caps should now be attached to the four 
RCA-872 rectifier tubes of the power-amplifier 
supply. 


Capacitor and PA Tank Taps Chari 
Frequency (k(.) 


( oil 


Capacitor 

Schematic 

Symbol 

sso- 

700 

700- 

750 

750- 

850 

850- 

1000 

1000- 

1050 

10.50- 

1250 

1 

12.50- 

1350 

1.V50- 

1500 

1500- 

1600 

Hiilfer 

1L5 

— 

A 

A 

A 

A 

A 

B 

B 

B 

B 

IPA Neutralizing 

1L7 

— 

C 

C 

I) 

1) 

D 

E 

E 

E 

E 

IPA Plate Tank 

1L9 

ICb 

F 

F 

F 

G 

G 

G 

H 

H 

H 

PA Grid Coupling 

ILIO 

ICc 

1 

1 

I 

J 

J 

J 

K 

K 

K 

PA Grid 'fcink 

ILll 

ICa 

L 

L 

M 

M 

N 

N 

p 

P 

« 

PA Plate Tank 

2L6 

2Cd 

2Cb 

R 

S 

S 

s 

T 

T 

T 

U 

U 

Tank Coil 2L7 

.\pproximalc No. of Turns 
Not Used 


0 to 5 

0 to 10 

0 to 10 

0 to 10 

6 to 12 

6 to 12 

6 to 12 

10 to 12 

10 to 12 


Note: The combinations of capacitors corresponding to the letters in the above chart are given Ixilow: 


A. 1C 17 connected in series with 1C18 and 1C 19 in parallel. 
1C18 and 1C19 connected from IPA giid to 1C16. 

B. 1C17, 1C18 and 1(T9 connected in series. 

1C19 connected tiom IPA grid to 1C 16. 

C. 1C20 and 1C21 connected in parallel. 

1). 1C20 and 1C42 connected in parallel. 

E. 1C21 connected in series with 1C20 and 1C42 in 

parallel. 

F. 1C54 and 1C57 connected in series. 

G. 1C48. 

H. 1C49. 

I. 1CS2 and 1C53 connected in parallel. 

J. 1C52. 

K. 1C52 and 1C53 connected in series. 


L. 1C48 and 1C51 connected in parallel. 

M. 1C49 and 1C50 connected in parallel. 

N. 1C49 and 1C51 connected in parallel. 

P. 1C50 and 1C51 connected in parallel. 

Q. 1C48 connected in series with 1C50 and 1C51 in 

parallel. 

R. 2C10 and 2C12 connected in parallel. 

2C11 and 2C13 connected in parallel. 

Connect the two combinations in series. 

S. 2C12 and 2C13. 

T. 2C10and2Cll. 

U. 2C10 and 2C12 connected in series. 

2Cn and 2C13 connected in series. 

Connect the two combinations in series. 
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Close the plate and plate overload breakers 
(2S3 and 2S4, respectively) and with the coupling 
coil set for least coupling, tune for resonance as 
indicated by a minimum plate current indication 
on the p.A. PLATE TOTAL mctcr (2M5). With mini¬ 
mum coupling to the antenna, the plate current of 
the final amplifier tubes should be low since the 
tubes are unloaded. 

lO-lOi. Output Circuit—The variable coupler 
in the PA plate coil 2L7 is designed to terminate 
into approximately 40 ohms, and it is necesesary to 
adjust the T network to match this input impedance 
and the output load impedance. Electrically, the T 
network consists of a low-pass filter in which the 
scries arms (2L9, 2L10) are inductive and the 
parallel section (2C15-2C17) is capacitive. The 
equivalent circuit is illustrated in Figure 10-23. 
The portion of each coil to be utilized and the selec¬ 
tion of the coupling capacitors (2C15-2C17) will 
depend upon the resistance and reactance of the 
antenna or characteristic impedance of the transmis¬ 
sion line, and on the operating frequency. 


Ct^L iL% COIL MUO 



The operation of transmitters into different types 
of load may be classified as follows: 

Case 1: Operation directly into an antenna. 
Case 2: Operation into an open-wire grounded 
transmission line. 

Case 3: Operation into a concentric transmission 
line. 

The correct values of capacitance and inductance 
for the respective output networks may be computed 
by means of the formulae which are explained and 
illustrated in the following paragraphs. 

Case 1, Output Directly into an Antenna: 

Let Ro = input impedance of network (approx. 
40 ohms) 

Ra = resistance of antenna 
Xa ** reactance of antenna (cither inductive 
or capacitive) 

These three quantities have known values. The 
three quantities to be determined arc: 


(1) Xo — required inductive reactance of input 

branch of network (coil 2L9) 

(2) Xi « required inductive reactance of output 

branch of network (coil 2L10) 

(3) Xc = required capacitive reactance of shunt 

capacitance (capacitors 2C15-2C17) 

To be strictly correct, Xo equals the required in¬ 
ductive reactance of the input branch of the net¬ 
work minus the leakage reactance of the coupling 
coil 2L7. In most cases this leakage reactance is 
small, and therefore it is neglected in the following 
description and calculations. 

Starting with the output load conditions, the 
antenna reactance may be highly inductive, only 
slightly inductive, or capacitive. Since the alge¬ 
braic sum of X\ and Xa (hereinafter called Xan) 
must always be inductive but should be held 
reasonably low, coil 2L10 may be short-circuited 
when the antenna reactance is highly inductive. 
If the antenna reactance is only slightly inductive, 
such as from 0 to 100 ohms, a portion of coil 2L10 
should be used to give the output circuit a definite 
inductive reactance (Xon). A good assumed value 
of X\ for this purpose is the inductive reactance 
corre.sponding to about one-fourth of the total 
inductance available in the coil, or 25 microhenries. 
The inductive reactance (X\) for this value depends 
upon the operating frequency according to the 
following table; 


requency 

(if.) 

Xi 

{ ohms ) 

500. 

. 78..5 

750. 

.117.5 

1000. 

.156.6 

1250. 

. . . 195.8 

1500.. . . 

. 234.9 

1750. 

. . . 274.1 

2000. 

. 313.2 


If the antenna reactance is capacitive, sufficient 
turns of coil 2L10 must be used to make the sum 
of Xi and Xa {Xan) inductive and of a value large 
enough to provide a definite assurance that the 
output branch (Xan) will never become capacitive 
due to climatic or other variations. When Ro is 
greater than R«, the minimum permissible value of 
Xan is given by; 

Xan (min.) = Vi^i(Ro — Ra) ohms 
Assuming that: 

X^an = Ro* + X^an (algcbraic values), 

then the values of Xo and Xe for correct impedance 
match may be computed from the following for¬ 
mulas; 

(1) X, - (Z\^ - RaR.) ohms 

(2) X, - —^ y - ohms 

V -L 
■A on *T n 
J\o 
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The value of Xo thus obtained should be checked 
against the total value available (coil 2L9) as shown 
in the following table: 


Frequency Xo 

(kr.) (ohms) 

500 ... . 3U 

750... . 471 

1000 628 

1250 .... 785 

1500. ... 942 

1750 . 1099 

2000. 1256 


The minimum permissible value of Xan isi 

Xan (min.) = V25(40 - 25) = V375 =■ 19.4 ohms 

This indicates that the above selection of Xi is 
amply large and probably should be reduced if a 
recalculation becomes necessar>\ F^roceeding to 
determine Xo and A'r, we have: 

== 25= -f 25()2 = 55,525 

Then 


The value of the total shunt capacitance (2C15- 
2C17) may be calculated from the equation: 


(-Y, found from Eq. (2) above) 

where C = capacitance in microfarads 

/ = operating fre(|uency in kilocycles 

The values of the capacitors 2C15, 2C16, and 
2C17 in various parallel and series combinations, 
and alone are given in the following table: 

( aparitanrr iinsf) Cemhtnatton 

A 5300 . 2C15, 2C16 and 2C17 in parallel. 

B 4500 . . 2C15 and 2C16 in parallel—2Cl 7 is not used. 

C v^800 , .2C15 and 2('17 in parallel—2C16 is not used. 

I) 3000 . .2C15 alone - 2C16 and 2C17 arc not used. 

K 2300 . 2C16 and 2C17 in parallel—2C15 is not used. 
F 1500.. .2C16 alone—2C15 and 2C17 are not used. 

G 1000 .. 2C15 and 2C16 in series—2C17 is not used. 

H 800.. .2C17 alone -2C15 and 2C16 are not used. 

I 630 2C15 and 2ri7 in scries—2C16 is not used, 

j 520 . 2C16 and 2C17 in series—2C15 is not used. 

K 445. . .2C15, 2C16 and 2C17 in series. 


A'„ = £5.}.525 - (25 X 50)1 

= VlTd X .52,775 = V«4,T40 = 290 ohms 

Checking this value against the total available 
(coil 2L9) as shown in the tabulation, it is found 
that the maximum inductiv'c reactance at 1250 kc 
is 785 ohms. Therefore, the preceding value of 
290 ohms (approximately one-third of 2L9) is 
satisfactory for Ah,. 

53,525 53,525 

. 5^^ . 130 ohm. 

412 

^ ^_W_^ 

6.28 X 1250 X 130 1020 

= .00098 txi = 980 fifii 


When properly adjusted, the antenna current 
(/„) should be very close to the value determined 
by the equation: 


la 


W 

~ amperes 

/va 


where W = expected power output in watts 
Ka = antenna resistance in ohms 


Referring to the table of capacitor values it will 
be seen that the combination G (1000 fifif) comes 
nearest to the value required. 

The antenna current 


(/.) 



V40 = 6.32 amperes 

(no modulation). 


As an illustrative example of the foregoing calcu¬ 
lations for Ca.se 1, it is a.ssumed that the power 
output {W) is 1000 watts, the antenna character¬ 
istics (Rtt -h jXa) are 25 -f j34, and the operating 
frequency (/) is 1250 kc. The known values are: 

Ro (network input impedance) = 40 ohms 
Ra (antenna resistance) = 25 ohms 
Xa (antenna reactance) = + 7*34 ohms 

Since the antenna is only slightly inductive, 
about one-fourth of the inductive reactance of coil 
2L10 should be used as a trial value. At 1250 kc, 
the table shows that this inductive reactance (A^i) 
is approximately equal to 196 ohms. 

Then 


Case 2. Output into an Open-Wire Grounded Trans¬ 
mission Line: 

A four-wire or six-wire transmission line with two 
or four wires grounded is the most usual form of 
Case 2. Such a line will have an impedance of 
approximately 235 ohms when constructed accord¬ 
ing to RCA recommended specifications. 

The calculation for the value of the shunt ca¬ 
pacitors (2C15-2C17) and for the adjustment of 
coils 2L9 and 2L10 is the same as for Case 1, sub¬ 
stituting the known surge impedance, 235 ohms, of 
the transmission line for Ra and letting Xa = 0. 
Care must be exercised in terminating the antenna 
end of the transmission line into its own impedance, 
so that no standing waves will appear on the line 
itself. 


A:„n = A*i + X. = 196 -f 34 = 230 ohms 
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Therefore: 

Xan = -f- - Xi 4- 0 = Xi 


where W = expected power output in watts 

Ra == characteristic impedance of transmis¬ 
sion line in ohms 


where X\ = inductive reactance of coil 2L10 

Xa = transmission line reactance, which 
should always be zero 

Assuming the characteristic impedance of the 
transmission line to be 235 ohms, the known values 
arc: • 

Ro — input impedance of network (approx. 40 
ohms) 

Ra = transmission-line impedance = 235 ohms 
Xa = transmission-line reactance = 0 

The three quantities to be determined are: 

(1) Xo — required inductive reactance of the input 

branch of the network, coil 2L9. 

(2) A"i = required inductive reactance of the out¬ 

put branch, coil 2L10. 

(3) X( ^ required capacitive reactance of the 

shunt capacitance, capacitors 2C15-2C17. 

Starting with the output load conditions, the 
transmission line is considered as a pure resistance, 
whence: 

Xa = 0, and Xan = 

From the formula for the minimum permissible 
value of Xan. 




fl 

vvv -' 

» 

R " 

2Cl5-fCI7 , 

^ REOMREO) 



N-MJItt 


Fif.. 10—24. Output test circuit. 


TO ANTENNA 
ON TRANS¬ 
MISSION LINE 


As an illustration of Case 2, it is assumed that 
the power output {W) is 1000 watts, the transmis¬ 
sion line has a characteristic impedance {Ra) of 
235 ohms, and the operating frequenc> (/) is 
1250 kc. 

Z^an = 2352 -f 1962 = 55,225 + 38,416 = 93,641 
Then 

X, = yl~ (93,64^ 9400) = Vl4,320 = 120 ohms 
V 93.641 

l%+(f X120) 


6.28 X 1250 X 104 


93,^ 
' 901 


= 104 ohms 


816 


= 1225 fjLfjif 


Xi (min.) = ^Ra{Ro — Ra) ohms 


it is evident, since Ro is less than Ra, that coil 2L10 
may be short-circuited. However, it is usually 
advisable to use a few turns of the coil to aid in 
suppressing harmonic radiation. As before, a good 
assumed value for A’'i(2L10) for this purpose is the 
inductive reactance corresponding to about 25 
microhenries of inductance. Then 


* Ra* 4- ATi* 

and: 

X = - K„R.) ohms 

Xc ^ ohms 


where C «= shunt capacitance in microfarads 
/ = operating frequency in kilocycles 


The transmission line current is: 
r 

la = amperes 


This value may be obtained approximately by 
connecting capacitor 2C15 in series with the ca¬ 
pacitor (2C16), for a total of 1000/x/xf. (Combina¬ 
tion G on capacitor table.) 

Thus an impedance match for this assumed illus¬ 
tration of Cdvse 2 may be obtained by using approxi¬ 
mately one-fourth of the reactance of coil 2L10, 
one-seventh of the reactance of coil 2L9, and 
capacitors 2C15 and 2C16 in series. 

The transmission line current for zero modulation 
is: 



At 100-percent modulation, this would increase 
to- 

2.06 X 1.22 = 2.52 amperes 

It is advisable to check the accuracy of the fore¬ 
going calculations by computing the r-f voltage 
across the shunt capacitors, from both the input 
and the output circuits. If the two calculations 
give identical results, a perfect impedance match 
has been obtained. 

From the output load circuit: 

£. = V(/.X)» 4- (/.X)» _ 

= V (2.06 X 235)« + (2.06 X 196)» 

= V397.500 * 630 volts 
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From the input circuit: 


= V 25 = 5 


amperes 


Eo == SihRoY + 

= V (5 X 40 )» + (5 X 120)» 

= V400,0()0 = 632 volts 

3. Output into a Concentric Transmission 
Line: 


The two rotor terminals of coil 2L7 may be con¬ 
nected directly to the two terminals of this trans¬ 
mission line with approximately 0.002 ^f in series. 
It is recommended, however, that the concentric 
transmission line be connected identically as in C'ase 
2 for the open-wire p^rounded line, thus obtaininj? 
attenuation of harmonic radiation in the T network. 

When connected in this manner, the calculation 
of values for impedance match is the same as for 
Case 2, using; the characteristic impedance of the 
concentric line (70 ohms) for R^,, instead of the 
hig;hcr value of 235 ohms for an open-wire g^rounded 
line. 

The values of capacitance and inductance deter¬ 
mined as above should be applied to the netw'ork and 
final adjustments made wdth the aid of an r-f bridge 
connected to the input of the network. If a bridge 
is not available, the following substitution method 
may be used in adjusting the input resistance of the 
nctw^ork (R„) to 40 ohms, and the output to the 
impedance of the antenna or transmission line. 

lO-lOj. Output Adjustment—Referring to Fig¬ 
ure 10-24, the coil, L, should be loosely coupled to 
a low-power source of radio frecjuency. Only suf¬ 
ficient power to afford a readable deflection on the 
thermo-galvanometer, G, is necessary. It is desir¬ 
able that the test circuit be shielded and wired in 
such a manner that stray capacities are reduced to 
a minimum. The test resistor, R, should be a non- 
inductive, 40 ohm resistor capable of dissipating 
about five watts. The calculated value of shunt 
capacitance should be connected in the circuit and 
adjustments made as follow\s: 

First, throw the switch to the resistor position 
and adjust capacitor C for maximum current indica¬ 
tion. Note the capacitor dial and current readings. 
If the maximum current indication is too low for 
accurate observation, increase the coupling slightly. 

Shift the switch to the network position and vary 
the taps of inductor 2L10 until a point is found at 
which the galvanometer reading is the same as that 
previously observed when capacitor C is tuned for 
maximum indication. 

When this adjustment has been completed, adjust 
the taps of 2L9 to a point which gives maximum 
current indication for the setting of capacitor C 
used with the switch in the resistance position. 
Finally, repeat the procedure again and make slight 
adjustments of 2L9 and 2L10 as required. 


A value of slightly smaller than that calcu¬ 
lated must be used to “tune out** the coupling coil 
inductance. This value can best be determined by 
inserting a low range r-f ammeter in the input arm 
of the network, and with very loose coupling and 
the lowest plate voltage appliecl, reducing the induc¬ 
tance of 2L9 until the maximum current point is 
reached. 

When the output circuit has been properly ad¬ 
justed, full plate voltage may be applied and the 
coupling adjusted for the normal power output as 
indicated by the antenna ammeter. When the trans¬ 
mitter is to be operated at two output powers, all 
adjustments should be made at the higher power. 

When the antenna network has been properly ad¬ 
justed, the exciter power output control (1R15) 
should be rotated until the amplifier grid current 
meters indicate their recommended value. The grid 
currents of the two power-amplifier tubes should be 
balanced, but if not. a slight adjustment of inductors 
ILIO and ILll w ill bring them into balance. Check 
all r-f stage meter readings against the typical 
METER READINGS table and make whatever adjust¬ 
ments are necessary. 

The power output of the final amplifier may be 
varied by means of the 1-K power output control 
(2L7) if, for any reason, the fintenna resistance 
varies and changes the transmitter load. 

When the proper loading has been obtained, as¬ 
suming that the 1-K pa plate variable inductor 
(2L6) has been adjusted for minimum power- 
amplifier plate current, the power-amplifier should 
be adjusted for maximum efficiency. 'J'his condi¬ 
tion does not occur at the point of minimum plate 
current. It is obtained by making the plate-tank 
circuit .slightly capacitive and then adjusting the 
coupling for the proper output. Since there are 
four positions of the coupling coil (2L7) that give 
the same degree of coupling, each of these positions 
.should be tried. It may be found that with the grid 
currents of the power-amplifier tubes balanced, the 
plate currents may be slightly unbalanced. This 
unbalance will usually vary with each of the four 
positions of the coupling coil. The position which 
gives the maximum efficiency will usually result in 
the best balance. It may be necessary then to un¬ 
balance the location of the taps on the two sides of 
the power-amplifier tank coil (2L6) slightly in order 
to completely balance the power-amplifier tubes. 

A cathode resistor is provided in the cathode cir¬ 
cuit of each power output tube in order to keep the 
plate currents of these tubes within the maximum 
rated value when plate voltage is applied in the ab¬ 
sence of excitation. These resistors (2R3, 2R4) 
are provided with taps. The 250-K plate breaker 
should be opened and the 1-K plate breakers 
should be closed, thus applying plate voltage to the 
power-amplifier tubes with no excitation at the 
grids. The tap to be used is that which inserts suf¬ 
ficient resistance in the cathode circuits to keep the 
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power dissipation of each tube just under 300 watts. 
Plate voltage and current for each tube are indicated 
by the panel meters. 

A pickup coil (2L8), which supplies excitation to 
the modulation indicator, is coupled to the coil 
(2L7). It may be necessary to remove turns from 
this coil to obtain sufficient excitation to the modu¬ 
lation indicator. The effect is to resonate the in¬ 
ductance of the coil with the capacitance of the 



Fig. lQ-25. The tank coil in the 1-K is a high Q in¬ 
ductor. Variable inductive coupling is employed which pro¬ 
vides an extremely simple arrangement for coupling the 
load to the power amplifier tank circuit. 

connecting cable. This adjustment is rather critical 
and turns should be removed from the coil one at a 
time. While the adjustment is being made, the coil 
should be in the position for maximum coupling. 
After maximum output is obtained, the coupling 
may be adjusted to the desired value by rotating 
the coil on its mounting. 

10~10k. Modulator Adjustment —When the r-f 
stages have been correctly adjusted for normal op¬ 
eration, close the second audio stage plate breaker, 
250-K MOD. OVERLOAD (1S6). (Be .sure that the 
modulator breaker 1-K mod. overload (2S9) is 
open before closing 1S6. Leave breaker 2S9 open 
during this adjustment.) The tubes should not 
draw plate current with the grid bias potentiometer 
set as previously indicated. These potentiometers 
(1R22 and 1R54) should now be adjusted so that 


the sum of the plate and screen-grid currents (which 
is what is actually indicated on the plate current 
meters) for each of the second audio stage tubes is 
100 ma. The designations left and right on the 
meters refer to the tubes as viewed from the front 
of the transmitter. Taps are provided on the 
bleeder resistors (1R62 and 1R63), in order that 
the screen and suppressor voltages of the tubes 
may be changed when necessary. Caution, Open 
1S6 before proceeding. 

Inspect the safety gaps on the primary of 2T4. 
These gaps should have a spacing of 0 050 inch 
and should always be kept well polished. Next, 
the grid bias of the modulator tubes should be set 
by closing the mod. overload breaker 2S9 (be sure 
1S6 is open before closing 2S9) and adjusting the 
MODULATOR BIAS potentiometers 2R16 and 2R17 for 
plate current as indicated in the table of typical 
METER READINGS. Approximately 90 volts should be 
available across the modulator bias rectifier bleeder 
(2R18). This voltage may be measured across ca¬ 
pacitor 2C20 or 2C21. 

Since the inverse feed-back is connected exter¬ 
nally between the two units, it is quite possible that 
the polarity of this feed-back has been reversed in 
these connections. It is necessary to check this as 
follows: Reduce the plate voltage on the modulators 
by moving the tap connection on the plate trans¬ 
former (2T7) from tap “2000*^ to tap “1450.” 
Turn on the transmitter, but do not close the two 
MOD. oviRi.oAi) breakers (1S6 and 2S9). Next, 
clo.se the 250-K mod. overload breaker. Then, ob¬ 
serving the modulator plate current meters, close the 
modulator breaker (2.S9). If the indicated modu¬ 
lator plate current is low (between 0 and 50 ma 
per tube) then the feed-back polarity is correct. 
However, if the indicated plate current is high 
(150-300 ma per tube) then the audio system is 
oscillating, and the feed-back polarity must be re¬ 
versed. To do this, reverse the twisted pair going 
to terminals 19 and 20 on terminal board “B” in 
the exciter unit. Then recheck for oscillation by 
turning on the transmitter and closing the audio 
overload breakers. The plate current should no 
longer rise excessively. Restore the plate voltage 
to normal value. With correct feed-back polarity, 
there should be no appreciable change in the no¬ 
signal value of the modulator plate current when 
the 250-K mod. overload breaker is opened and 
closed. If necessary, readjust the bias controls for 
the drivers (RCA-828) and modulators (RCA- 
833-A) for the correct static (unmodulated) plate 
currents as indicated in the table typical meter 
readings. (When the transmitter is set up for 
straight 500-watt operation, it is not necessary to 
reduce further the plate voltage when checking the 
feed-back polarity.) 

10-101. Operation— After the transmitter has 
been tuned to the operating frequency and the other 
adjustments just described have been completed, the 
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Typical Meter Readings 

EXCITER 


Line Voltage 110 V^jlts 


Tube 

Ep \ 

(volts) 

1 

Eu 

(volt*.) 

h 

(ina) 

R,o 

(volts) 

JBiNp 

(volts) 

Crystal Oscillator 

240 

15-18 



160 


Buffer 

1250 

60-70 



210 

65 

Intermediate Power-Amplifier 

1500 

180-205 


45-60 



1st Audio 

270 

*7-8 



160 


2nd Audio 

780 

80-100 

-71 


690 

65 

(per tube) 





670-690 

i 


Plate Tank (Output) Current—2.0 to 4.5 amp 
* This value includes sciceii current. 


Typical Meter Readings 

AMPLIFIER 


Line Wiltage 230 \ olts 


1 ube 

1000 Watts 

500 Watts 
Power ( haiige 
Panel 

500 Watts 
StraiKht 

250 Watts 
Power Change 
Panel 
(250/5(K)) 

250 Watts 
I*ower ('hange 
Panel 
(250/500) 

Grid Current (ma per tube) 

95 

1000 

100 

100 

100 

Amplifier Plate Current (ma total) 

550 

403 

403 

286 

286 

Amplifier Plate Voltage (volts) 

2450 

1770 

1770 

1250 

1250 

* Modulator Plate Voltage (volts) 

2550 

2600 

1850 

1850 

2600 

Modulator Plate Current (ma) (100 per cent 

210 

160 

185 

115 

100 

modulation) 






Modulator Plate Current (ma) (0 per cent 

50 

50 

45 

48 

50 

modulation) 






* Modulator Grid Voltage (volts) 

61 

61 

40 

40 

61 


* Must be measured with an external metei 


equipment is ready for operation. In normal use, 
witli the transmitter sliut down, the following break¬ 
ers should be in their closed position: ISl, 1S2, 
1S5, 1S6, 2S2, 2S4 and 2S9. 


FRIQUCNCY mirONlC 



nuoutNCT iNCYCUf mi ikcono 


Fig. 10-26. Thi.s curve taken at 25-pcrcent modulation 
indicates the hiRh-frcqucncy cutoff obtained in the output 
t^ircuits of modulator in order to reduce adjacent channel 
interference. 

To Place the Transmitter in Operation, The 
following operations should be performed, in the 
order 1 isted: 

(a) Close the 1-K line breaker, 
fb) After the time delay relay has operated, close 
the 250-K plate breaker. 

(c) Close the 1-K plate breaker. 


(d) Adjust the 1-K link volt \(.e control for 230 
volts. 

(e) Adjust the power output control, if necessary, 
for correct antenna current. 

2, To Shut Down the Transmitter, The follow¬ 
ing operations should be performed in the order 
listed: 

(a) Open the 1-K plate breaker. 

(b) Open the 250-K plate breaker. 

(c) Open the 1-K link breaker. 

IQ-lOm. Maintenance —With ordinary care, 
little attention will be re(|uired to keep this trans¬ 
mitter in operation. However, to avoid program 
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Fig. 10-27. Distortion has been reduced to low levels 
in the 2S0.K. 
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interruption throuj^h failure in the transmitter, a 
regular schedule of inspection should be established. 

It is important that the transmitter be kept free 
from dust and for this purpose a small electric 
hand-blower may be used to advantage. 

The transmitter should be inspected periodically 
for poor contacts and loosened connections. At 
such times, each contact of every switch and relay 
should be inspected and cleaned.* The contacts 
should be cleaned with carbon tetrachloride applied 
with a soft brush. A small amount of vaseline 
should be applied to the contacts of the door- 
interlock switches after they have been cleaned. 
All r-f and ground connections should be kept tight. 

A regular check should be made of all tubes in 
the transmitter. Each tube should be inspected and 
tested immediately upon its receipt, to make certain 
that no damage has been caused by shipment. So 
far as possible, tube failure should be anticipated 
by keeping a log of tube life. All meter readings 
should be recorded and checked against readings 
previously taken. 

When a rectifier tube is replaced in the trans¬ 
mitter, make certain, before placing the equipment 


in operation, that the new tube has been properly 
“aged.” The procedure is described under prelimi- 
nary adjustments. Spare rectifier tubes may be 
aged before they are stored. If they are then stored 
in an upright position and are not subsequently 
jarred, the initial warm-up period when they are 
placed in service may be reduced to approximately 
one minute. 

The external appearance of the transmitter may 
be kept like new by judicious applications of the 
matching lacquers, which arc included as a part of 
the equipment. 

Rf:ferences 

Pender and McIlwain, “Electrical Engineers' Hand¬ 
book—Communications, Electronics,” 4th Edition. 
John Wiley & Sons, Inc., 1949. 
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Limiting Amplifiers,” Proc, l.R.Ll., Vol. 35, No. 11, 
November 1947. 

-, “F.C.C. Standards of Good Engineering Practice 

Concerning Standard Broadcast Stations (550-1O00 
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CHAPTER 11 


FM BROADCAST TRANSMITTERS 


Frequency-modulated broadcast stations in the 
United States operate in a fre<iuency band ex¬ 
tending from 88 to 108 megacycles. Each F-M 
broadcast channel in this band is 200 kc wide. 
The channels start at 88.1 me and continue in steps 
of 200 kc up to and including 107.9 me, resulting 
in a total of 100 usable F-M broadcast channels. 

11-1. Definitions —The following definitions, 
peculiar to frequency modulation, have been taken 
from the F.C.C. “Standards of Good Engineering 
Practice Concerning F-M Broadcast Stations”: 

1. FM broadcast The term “FM broadcast 

station” means a station employing frequency modulation 
in the FM broadcast band and licensed primarily for the 
transmission of radiotelephone emissions intended to be 
received by the general public. 

2. Frequency modulation —The term “frequency modu¬ 
lation” means a system of modulation where the in¬ 
stantaneous radio frequency varies in proportion to the 
instantaneous amplitude of the modulating signal (am¬ 
plitude of modulating signal to be measured after pre¬ 
emphasis, if used) and the instantaneous radio frequency 
is independent of the frequency of the modulating signal. 

• 3. FM broadcast band —The term “FM broadcast 
band” means the band of frequencies extending from 88 
to 108 megacycles, which includes those assigned to non¬ 
commercial educational broadcasting. 

4. Center frequency —The term “center frequency” 
means: 

(a) The average fre(|uency of the emitted wave 
when modulated by a sinusoidal signal. 

(b) The frequency of the emitted wave without 
modulatitjn. 

5. Frequency szoimj —The term “frequency swing” 
means the instantaneous departure of the frequency of 
the emitted wave from the center frequency resulting 
from modulation. 

6. FM broadcast channel —The term “FM broadcast 
channel” means a band of frequencies 200 kilocycles wide 
and is designated by its center frequency. Channels for 
FM broadcast stations begin at 88.1 megacycles and 
continue in successive steps of 200 kilocycles to and 
including 107.9 megacycles. 

7. Antenna field gain —The term “antenna field gain” 
of an FM broadcast antenna means the ratio of the 
effective free space field intensity produced at one mile 
in the horizontal plane expressed in millivolts per meter 
for 1 kilowatt antenna input power to 137.6 mv/m. 

8. Free space field intensity —The term “free space 
field intensity” means the field intensity that would exist 
at a point in the absence of waves reflected from the 
earth or other reflecting objects. 

9. Multiplex transmission —The term “multiplex trans¬ 
mission” means the simultaneous transmission of two or 
more signals within a single channel. Multiplex trans¬ 
mission as applied to FM broadcast stations means the 
transmission of facsimile or other signals in addition to 
the regular broadcast signals. 

10. Percentage modulation —The term “percentage 
modulation” as applied to frequency modulation means 
the ratio of the actual frequency swing to the frequency 


swing defined as 100 percent modulation, expressed in 
percentage. For FM broadcast stations, a frequency 
swing of + 75 kilocycles is defined as 100 percent 
modulation. 

11. F.ffcctwe radiated power —The term “effective 
radiated i)ower” means the product of the antenna power 
(transmitter output power less transmission line loss) 
times (a) the antenna power gain, or (b) the antenna 
field gain squared. 

12. Serznee a/u.i —The term “service area” as applied 
to FM broadcasting means the service resulting from 
ar assifined effective radiated power and antenna height 
above the average terrain. 

1»3. Antenna height aboz>e az^erage terrain —The term 
“antenna height above average terrain” means the aver¬ 
age of the antenna heights above the terrain from two to 
ten miles from tlie antenna. (In general a different an¬ 
tenna height will be determined by each direction from 
the antenna. The average of these various heights is 
considered as the antenna height above the average 
terrain.) 

11-2. Location of FM Transmitters —Due to 

the fact that the transmission characteri.stics of the 
very high frequencies employed in F-M broadcast¬ 
ing resemble the characteristics of visible light in 
many ways, some of the considerations in selecting 
a transmitter site differ considerably from those 
involved in selecting a site for a broadcast trans¬ 
mitter operating in the standard broadcast band. 
A site for an F-M transmitter should be chosen 
with the following factors in mind: 

1. An F-M transmitter should be centrally located 
in the area to be served. It is usually desirable that 
the location be clo.se to the business and factory 
areas of the principal city in the service area as this 
results in a strong signal intensity being produced 
in these areas where a high noise level, due to local 
electrical disturbances, exists. 

2. The transmitting antenna should be at the 
highest possible elevation; higher than all surround¬ 
ing buildings, hills, and other obstructions in order 
to reduce “shadow” effects to a minimum. Antenna 
height is important because of the quasi-optical na¬ 
ture of the very high frequencies which makes it 
important that the location provide “line-of-sight” 
over the entire area being served. 

3. The transmitter must be at a location which is 
accessible at all times of the year; adequate space 
must be available for the equipment, keeping in 
mind the possibility of future increases in power; 
and services such as power and telephone lines must 
be available. 

The transmitter locations listed below have all 
proven satisfactory in individual cases and all are 
in present-day use; however, careful study is neces¬ 
sary for each specific installation in order that the 



412 


RADIO MANUAL 


most satisfactory of a number of possible sites may 
be chosen. 

1. Locations on top of a tall building: in the busi¬ 
ness area of the city beinj? served. Such a location 
has the advantage that the strongest signal intensity 
is delivered in the business and manufacturing areas 
where the electrical noi.se level is usually the great¬ 
est. It is important that the building be capable 
of accommodating the desired type of transmitting 
antenna. 

2. Locations on a high hill or mountain overlook¬ 
ing the desired service area. Such a location must 
be reasonably close to the city, otherwise the signal 
intensity from such a site may not compare favor¬ 
ably with competitive stations located within the 
city. The advantage of such a location is the 
height it affords, but an installation of this nature 
may prove quite expensive. 

3. Location of the F-M transmitter in the same 
building with an existing standard broadcast trans¬ 
mitter, with the F-M antenna mounted atop one of 
the A-M towers. An installation of this nature is 
j)ossible when the F-M and A-M transmitters are 
under the same ownership. It has the advantage 
of low installation cost, but the disadvantage that 
the site may not be the best for good F-M coverage. 

4. Locations where the F-M antenna is mounted 
on a tall tower erected expressly for this purpose 
either on a builditig of medium height or resting 
directly on the ground. Such an installation is 
often employed when none of the other sites is avail¬ 
able. Although rather expensive, it is effective in 
gaining the desired antenna height. 

11-3. Service Area of F-M Broadcast Stations 
—Although some F-M .service may occasionally be 
provided by tropospheric waves, the service area of 
an F-M broadcast transmitter is considered to be 
only that served by the ground wave. The extent 
of the service is determined by the point at which 
the ground wave is no longer of sufficient intensity 
to provide .satisfactory broadcast service. The field 
intensity considered necessary for satisfactory 
broadcast service in city, business, or factory areas 
is 1000 microvolts per meter, while in rural areas a 
field intensity of 50 microvolts per meter is con¬ 
sidered satisfactory. 

11-4. Antenna Systems —It is standard practice 
in F-M broadcasting to employ horizontal polariza¬ 
tion. The transmitting antenna is usually non¬ 
directive in a horizontal plane: however, inasmuch 
as practically all receiving installations lie within a 
few degrees of the horizon, it is often desirable to 
employ a transmitting antenna which directs the 
radiation toward the horizon. Such an antenna re¬ 
sults in a considerable increase in “effective radiated 
output*' ^ and makes it possible to achieve a given 
output power level with a transmitter of consider- 

1 “EflFective radiated power’* is the actual power delivered 
to the antenna multiplied by the power gain of the antenna 
in the direction of the horizon. 


ably lower output rating. F-M transmitting an¬ 
tennas of this type are described in Chapter 17. 

In many cases the savings in initial transmitter 
cost and transmitter operating expense more than 
justify the cost of such a directive transmitting 
antenna; however, every installation is an individual 
ca.se, and it is necessary to compare the cost of 
tran.smitters of various output power ratings with 
the cost of antennas of various directional effective¬ 
ness in order to determine the most economical 
combination. 

11-5. The F-M Transmitter Plant —An F-M 

broadcast transmitter plant, in addition to a suitable 
transmitter and transmitting antenna, should also 
contain the following facilities: 

1. Audio input equipment similar to that de¬ 
scribed in the preceding chapter. The local origi¬ 
nation facilities may be omitted in the event that 
the studios and transmitter are located in the same 
building. A peak-limiting amplifier is just as ef¬ 
fective in an F-M system and should be included 
in the audio facilities. 

2. A regular and emergency supply of a-c power. 

3. Measuring equipment capable of measuring the 
transmitter frequency, percentage of modulation, 
response-frequency characteristics, harmonic distor¬ 
tion and noise level. 

It is usually convenient to mount all the amplifiers 
and measuring equipment in cabinet type relay racks 
and extend all the audio and transmitter operating 
controls and indicating devices to a conveniently 
located control console. In this way, complete con¬ 
trol of the plant may be achieved from a central 
operating point. 

11-6. Performance Requirements for F-M 
Broadcast Systems —The following performance 
requirements have been extracted from the F.C'.C. 
“Standards of Good Engineering Practice Concern¬ 
ing F-M Broadcast Stations” and outline the gen¬ 
eral performance standards required for this type 
of broadcast service. Additional F.C.C. rules and 
regulations governing the operation of F-M broad¬ 
cast stations are given in Chapter 19. 

1. Electrical Performance Standards. The general 
design of the FM broadcast transmitting system (from 
input terminals of microphone pre-amplifier, through 
audio facilities at the studio, through lines or other cir¬ 
cuits between studio and transmitter, through audio 
facilities at the transmitter, and through the transmitter, 
but excluding equalizers for the correction of deficiencies 
in microphone response) shall be in accordance with the 
following principles and specifications: 

(a) The transmitting system shall be capable of trans¬ 
mitting a band of frequencies from 50 to 15,000 
cps. Pre-emphasis shall be employed in accord¬ 
ance with the impedance-frequency characteristic 
of a series inductance-resistance network having 
a time con.stant of 75 microseconds. (See Figure 
11-1.) The deviation of the system response 
from the standard pre-emphasis curve shall lie 
l)etween two limits as shown in Figure 11-1. 
The upper of these limits shall be uniform (no 
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deviation) from 50 to 15,000 cps. The lower 
limit shall be uniform from 100 to 7500 cps, and 
three db below the upper limit; from 100 to 50 
cps the lower limit shall fall from the three db 
limit at a uniform rate of one db per octave (four 
db at 50 cps); from 7500 to 15,000 cps the lower 
limit shall fall from the three db limit at a uni¬ 
form rate of two db per octave (five db at 15,000 
cps). 

(b) At any modulation frequency between 50 and 
15,000 cps and at modulation percentages of 25%, 
50%, and 100%, the combined audio frequency 
harmonics measured in the output of the system 
shall not exceed the root-mcan-square values 
given in the following table: 


Modulattng Frequent \ Dt<!tortton 

50 to 100 cps. . 3,5% 

100 to 7500 cps. ... 2.5% 

7500 to 15,000 cps . . 3.0% 


Measurements shall be made employing 75 micro¬ 
second de-emphasis in the measuring equipment 
and 75 microsecond pre-emphasis in the transmit¬ 
ting equipment, and without compression if a 
compression amplifier is employed. Harmonics 
shall be included to 30 kc. 

It is recommended that none of the three main 
divisions of the system (transmitter, studio to 
transmitter circuit, and audio facilities) contribute 
over one half of these percentages since at some 
frequencies the total distortion may become the 
arithmetic sum of the distortions of the divisions, 

(c) The transmitting system output noise level (fre¬ 
quency modulation) in the band of 50 to 15,000 
cps shall be at least 60 db below the audio fre¬ 
quency level representing a frequency swing of 
i 75 kilocycles. The noise-measuring equipment 
shall be provided with standard 75 microsecond 
de-emphasis; the ballistic characteristics of the 


instrument shall be similar to those of the stand¬ 
ard VU meter. 

(d) The transmitting system output noise level (am¬ 
plitude modulation) in the band of 50 to 15,000 
cps shall be at least 50 db below the level repre¬ 
senting 100-percent amplitude modulation. The 
noise-measuring equipment shall he provided with 
standard 75 microsecond de-emphasis; the ballis¬ 
tic characteristics of the instrument shall be simi¬ 
lar to those of the standard VU meter. 

(c) Automatic means shall be provided in the trans¬ 
mitter to maintain the assigned center frequency 
within the allowable tolerance (+2000 cps). 

(f) If a limiting or compression amplifier is em¬ 
ployed, precaution should be maintained in its 
connection in the circuit due to the use of pre- 
emphasis in the transmitting system. 

2. Interference Standards. Field intensity measure¬ 
ments are preferable in predicting interference between 
FM broadcast stations and should be used, when avail¬ 
able, in determining the extent of interference. In lieu 
of measurements, the interference should be predicted in 
accordance with the method described herein. 

Objectionable interference is considered to exist when 
the interfering signal exceeds that given by the ratios of 
the following table. In this table, the desired signal is 
the median field and the undesired signal is the tropo¬ 
spheric signal intensity exceeded for 1% of the time. 

Ratio of Desired to 


Channel Separation Undesired Signals 

Same channel. . 10:1 

Adjacent channel (200 kc removed). 2:1 


Objectionable interference is not considered to exist 
when the channel separation is 400 kc or greater. Ac¬ 
cordingly, FM broadcast stations in the same city or 
same area may be assigned channels 400 kc apart. In 
the assignment of FM broadcast facilities, the Commis- 
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sion will endeavor to provide the optimum use of the 
channels in the band, and accordingly may assign a 
channel different than that requested in an application. 

3. Operating Power: Determination and Maintenance. 
The of^rating power of FM broadcast stations shall be 
determined by the indirect method. This is the product 
of the plate voltage (Ep) and the plate current (Ip) of 
the last radio stage, and an efficiency factor, p; that is: 

Operating power EpX JpX F 

The efficiency factor, F, shall be established by the 
transmitter manufacturer for each type of transmitter 
for which he requests F.C.C. approval, and shall be 
shown in the instruction lx)oks supplied to the customer 
with each transmitter. In the case of composite equip¬ 
ment the factor F shall be furnished to the Commission 
by the applicant along with a statement of the basis used 
in determininf^ such factor. 

The operating power shall be maintained as near as 
practicable to the authorized operating power, and shall 
not exceed the limits of 5 percent above and 10 percent 
below the authorized power except in emergencies. In 
the event it becomes impossible to operate with the au¬ 
thorized power, the station may be operated with reduced 
power for a period of 10 days or less provided the Com¬ 
mission and the Inspector-in-Charge of the district in 
which the station is located shall be notified in writing 
immediately thereafter and also upon the resumption of 
normal operating power. 

11-7. F-M Transmitters—The representative 
commercial transmitting equipments described in 
the remainder of this chapter are designed to per¬ 
form in accordance with good engineering practice. 
The method of accomplishing modulation, as well 
as the method of maintaining a stabilized frequency, 
differ. Most of the material covering these trans¬ 
mitters has been taken directly from the material 
supplied by the manufacturer and has been modified 
only to the extent necessary to adapt it to the text 
of this book. 

11-8. Westinghouse 1- and 3-Kw F-M Trans¬ 
mitter.—In this new Westinghouse F-M trans¬ 
mitter, a new idea in F-M control circuits that 
offers advantages in broadcast dependability and 
fidelity is employed. Another improvement is found 
in the audio circuit. To place the transmitter in 
operation, it is only necessary to connect the audio 
input, r-f transmission line, and input power supply. 
Higher powers may be obtained by adding amplifiers 
to the basic unit. At the top of the front panel, at 
convenient eye level, are six large 270® scale meters 
with special wide blade pointers. 

From top to bottom on the front panel are (1) 
a hinged window that lifts up and locks in open 
position, thus allowing easy access to the low volt¬ 
age regulator, driver, and power amplifier tubes; 
(2) access to the control panel by means of a door 
which folds up out of the way in such a manner 
that only the inside finish is exposed to the acci¬ 
dental dropping of tools or continued wear, thus 
the exterior finish is protected; (3) two lower doors 
give complete access to the removable oscillator- 
driver-audio unit and frequency control unit, power 
switches and relays. A glass panel allows visual 


inspection of the high voltage rectifier tubes when¬ 
ever desired. 

The oscillator-driver-audio and center-frequency 
control units are built on standard relay rack chassis 
and are equipped with plug-in connectors to allow 
easy removal. Additional center-frequency control 
and oscillator-driver-audio units may be purchased 
as spare equipment. 



f 


Fig. 11-2. Front view of Westinghouse 1- and 3-kw 
F-M broadcast transmitter showing accessibility to tubes 
and back of control panel. 

ll-8a. Features 

1. Single tuning control adjusts center fre¬ 
quency; one meter indicates correct center fre¬ 
quency alignment. 

2. Frequency modulation is obtained in a simple 
circuit using condensers, resistors and nonmicro- 
phonic diode tubes. 

3. Center-frequency control established by crystal- 
controlled pulse-counting circuit. Only two factory- 
set, noncritical adjustments required. 

4. R-f carrier is generated, multiplied and ampli¬ 
fied in five simple steps. Cathode-input, grounded 
grid, triode power amplifier provides screen-grid 
tube stability. 

5. Long-life transformers are operated under 
low-temperature Class A conditions. Glass tape 
covered wires and mica insulation. 

6. Controls, indicating instruments, and lamps are 
centrally located on the front panel. All tubes are 
accessible from front of transmitter. 

7. Only eight r-f tank circuit tuning adjustments 
in the entire transmitter. 
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8. Forced-air cooling of power amplifier accom¬ 
plished by a blower whose air intake is equipped 
with cleanable air filter. 

9. R-f driver and power amplifier stages are neu¬ 
tralized by two noncritical adjustments. All impor¬ 
tant circuits contain individual indicating instru¬ 
ments. No meter-switching is used. 

10. Standard commercial type tubes used through¬ 
out; all tubes operated below rated plate voltage to 
provide high reliability and economy. 

11. Blocking condenser used in shunt-fed power 
amplifier is ^ wave length, open-circuit transmis¬ 
sion line, concentric with the plate, concentric-line 
type, tank circuit. 

12. Adjustment of r-f driver grid and plate, 
power amplifier cathode and plate, and antenna 
coupling circuits accomplished by motor-drive 
tuning. 

13. Continuously variable power amplifier plate 
voltage allows power output to be varied from 25% 
to 125% of rated value. 

ll--8b. Schematic Diagram—A simplified sche¬ 
matic diagram of the 1 kw F-M transmitter is 
shown in Figure 11-3. 

ll-8c. Circuits—Audio input at -1- 10 dbni, ap¬ 
plied to a balanced input transformer, feeds a type 
6SJ7 audio amplifier. Amplifier output drives a 
type 1614 modulator control tube which in turn op¬ 
erates the frequency modulator. A simplified cir¬ 
cuit employing only resistance, capacitance and two 
type 6H6 diode tubes constitutes the modulator, thus 
providing variation of the tank circuit frequency 
without additional tuned circuits. The use of 
diodes reduces microphonics to a minimum; and to 
effect noise reduction and insure high-fidelity, a 
di.scriminator-type feedback circuit with a type 6H6 
tube is coupled between the master oscillator tank 
circuit and the type 6SJ7 audio amplifier. 

The frequency control unit performs the function 
of providing frequency correction voltage to the 
F-M generator to maintain the carrier at the as¬ 
signed frequency. And it is here that a revolution¬ 
ary development in F-M control circuits has been 
utilized; nowhere does the development of the cor¬ 
recting voltage depend upon the stability of a tuned 
circuit. 

The r-f reference voltage is developed in a 
temperature-controlled crystal oscillator (supplied 
in duplicate) that uses a type 1614 tube operating 
at Via the assigned center frequency. This crystal 
is a Bliley type TC-91, BT-low-temperature- 
coefficient cut, 1 cycle/mc/degree C, constantly 
maintained at correct operating temperature. 

The second harmonic of the crystal oscillator out¬ 
put is applied to two fixed phase-shift circuits to 
obtain two voltages at reference frequency at a fixed 
90® phase relation. These signals are each mixed 
in two type 6SA7 tubes, with a portion of the F-M 
master oscillator output. 

Thus, if the center frequency deviates from its 


assigned value, each mixer tube develops a beat- 
frequency voltage dependent upon the difference be- 
tv^een the F-M oscillator frequency and the crystal 
oscillator frequency, and these two beats are out of 
phase by a fixed 90®. 

These beat signals are applied to pulse-counting 
circuits to develop the frequency correcting voltage. 
The polarity of the correction voltage corresponds 
to the direction of deviation of the oscillator center 
frequency and is always of the proper sign to return 
the F-M oscillator to the crystal second-harmonic 
frequency. 



5 ;- 

> 



m mm 




Fig. 11-4. G.E. BT-l-A 250-watt F-M radio broadcast 
transmitter. 

The circuit maintains a close frequency control 
without the use of critically-tuned elements or mov¬ 
ing parts which simplifies both construction and 
adjustment as well as improving reliability.^ A de¬ 
tailed description of the frequency control circuits 
will be found in Chapter 7. 
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The modulated master oscillator employs two type 
1614 tubes operating in push-pull at % the assigned 
center frequency. The tank circuit frequency is 
tripled in the oscillator plate circuit and again tripled 
in the next stage, a type 815 tube, to provide output 
at the assigned frequency. 

The next stage, a type 815 tube, amplifies the 
modulated carrier to a 12.5-watt output. This tube 
drives a type 4-125A tube that in turn drives the 
type WL-473A tube in a cathode-input grounded- 
grid, power amplifier circuit. 

A vjicuum-tubc voltmeter in the transmission line 
output circuit indicates transmitter power output. 

ll-8d. Technical Data 


the power amplifier uses two type WL-473A tubes 
and the h.v. rectifier uses six type WL-872A tubes. 

11-9. General Electric F-M Broadcast Trans¬ 
mitters —Following is a description of the Gen¬ 
eral Electric BT series of F-M broadcast trans¬ 
mitters. The power output ratings in watts of these 
transmitters are: 


BT-l-A. 250 

BT.2-A. 1000 

BT-3-A. 3000 


The BT-l-A equipment is the basic unit around 
vrhich higher power transmitters can be built. The 


TYPE FM-1 


TYPE EM-3 


Power output ... 1000 watts 

Frequenty range (single s|)erified frequency). . 88-108 mc/s 

Center-frequency stal)ility. ±1000 cycles 

Modulation capability. ±100 kc 

Audio-frequency response, 50 to 15,000 cps... ±1 db from 1000 cycle value 

without pre-emphasis; ±1 db 
from 75 microsecond curve with 
pre-emphasis 

Audio-frequency harmonic dwtortum, ±75 kc 

swing. Not greater than 

50-15.000 cps. 1.5% rms 

100-7,500 cps.... 1.0% rms 

Frequency-modulation noise. At least 65 db below 75 kc swing 

Amplitude-modulation noise.At least 50 db l>elow 109% ampli¬ 

tude modulation 


Audio-input level for lOO^o nujdulation (75 kc 

swing).. -f 10 dbm±2 db 

Audio input impedance. 600/150 ohms 

R-f output coupling impedance range. 40-80 ohms 

Power supply. 208/230 volts, single-phase, 50 or 

60 cycles 

Power input. 3600 w’atts at 90% power factor 


v^OOO watts 
88-108 mc/s 
±1000 cycles 
±100 kc 

±1 db from 1000 cycle value 
without pre-emphasis; ±1 db 
from 75 microsecond curve with 
pre-emphasis 

Not greater than 
1.5% rms 
1.0% rms 

At least 65 db below 75 kc swing 
At least 50 db below lOO^o ampli¬ 
tude modulation 

4-10 dbm±2 db 
600/150 ohms 
40-80 ohms 

208/230 volts, 3-phase, 50 or 60 
cycles 

8500 watts at 90% power fat'tor 


11-^. Tube Complement 


Type FM-1 Transmitter Quantity 

Type 6SJ7 (audio amplifier). 1 

Type 1614 (modulator control). 1 

Type 1614 (FM master oscillator). 2 

Type 6H6 (feedback discriminator). 1 

Type 6H6 (resistance modulator). 2 

Type 815 (r-f tripler). 1 

Type 815 (intermediate amp.). I 

Type 4-125A (r-f driver). 1 

Tyi>e WL-473A (power amplifier). 1 

'Fypc fiSA7 (freq. control buffer). 1 

Type 6SA7 (freq. control mixer). 2 

Type 1614 (crystal oscillator). 2 

Type 6SN7 (pulse generator). 2 

Type 6H6 (pulse detector, limiter and charging 

rectifiers). 4 

Type 6SL7 (pulse, bias and output amplifier). 2 

Type 6X5 (bias rectifier). 1 

Type WL-872A (h.v. rectifier). 2 

Type WL-866A (l.v. rectifier).2 

Type 6Y6G (voltage regulator).2 

Type 6SJ7 (voltage regulator). 1 

Type 0<J3/VR105 (voltage regulator). 2 

Type OD3/VR150 (voltage regulator).2 

Type 9006 (v.t.-voltmeter).... 1 


Type FM-3 Transmitter. In the 3-kw appa¬ 
ratus, the r-f driver has two type 4-125A tubes, and 


air-cooled, Z-7C29 tubes arc used in the power am¬ 
plifier stage of the BT-2-A transmitter, while the 
Z-7D21 screen grid tubes are used in the BT-3-A 
transmitter. 

ll-9a. Electrical Design —Frequency control 
and modulation are independently accomplished 
electronically through the use of the “Phasitron” 
tube. A single crystal directly controls the output 
carrier frequency. The modulation process in the 
Phasitron tube is “phase modulation,” but the char¬ 
acteristics of the field producing the modulation are 
such that the output is “frequency modulation.” 
The temperature-controlled crystal oscillator output 
is modulated directly by the Phasitron tube, multi¬ 
plied to the output carrier frequency, and amplified 
to the required power level. An explanation of the 
operation of the Phasitron will be found in Chap¬ 
ter 7. 

Block diagrams of the BT-l-A and BT-2-A 
transmitters are shown in Figures 11-5 and 11-6 
respectively. A block diagram of the BT-3-A 
transmitter would be similar to that of the BT-2-A 
except that the power amplifier stage would have 
a SOOO-watt output rating. 
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250-WATTS 
88-108 MEGACYCLES 



Fu;. 11-5. Block diagram of 250* watt F-M broadcast transmitter, 
General Electric BT-1*A. 


1000-WATTS 
88-108 MEGACYCLES 



Fig. 11-6. Block diagram of 1000-watt F-M broadcast transmitter, 
General Electric BT-2-A. 


ll-9b. Performance Characteristics—The per¬ 
formance characteristics of the BT-l-A transmitter 
are: 

1. Carrier power output: 250 watts. 

2. Carrier frequency range: 88 to 108 me. 

3. Carrier frequency stability: Within 1000 cps. 
over normal room temperature range. 

4. F-M carrier-noise leT>el: 65 db below ± 75 kc 
swing, unweighted. 

5. A-M carrier noise level: 50 db below 100% 
amplitude modulation, unweighted. 

6. R-f load characteristics: The r-f output cou¬ 
pling circuit is designed to operate into an un- 
lialanced load impedance having a resistive compo¬ 
nent in the range 40 to 80 ohms and a power factor 
not less than 0.866. Provisions are made for the 
use of a single %-inch coaxial transmission line 
having a surge impedance of 50 ohms. 

7. Modulation capability: ± 100 kc carrier swing, 
50 to 15,000 cps with less than 3% rms distortion. 

8. Audio input level: + 12 dbm±2 db required 
for 100% modulation at 400 cps; input impedance, 
600 ohms. 


9. Audio response: Within ± 1 db of F.C.C. pre¬ 
emphasis standard from 50 to 15,000 cps. 

10. Audio harmonic distortion: Less than 1.5% 
rms for any single modulating freiiuency from 50 
to 15,000 cps and less than 1% rms from 100 to 
7500 cps at a carrier swing up to ± 75 kc. 

11. Intermodulation distortion: Less than 1.5% 
rss distortion at a carrier swing of ±75 kc with 
combinations of 400 and 700 cps and 4000 and 7000 
cps. 

12. Power supply: 208/230 volts, 50/60 cps 
.single-phase. A continuously variable input voltage 
control makes it possible to operate with any supply 
voltage in the range 195-245 volts. In addition, a 
small amount of power is reijuired from the station 
lighting supply at 115 volts for the crystal thermo¬ 
cell heater. 

13. Power input: Approximately 1.3 kw at 90% 
power factor. 

The performance characteristics of the higher 
powered BT-2-A and BT-3-A transmitters differ 
only in the rated power output and the primary 
power supply requirements. 
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ll~9c. Features —The modulation characteris¬ 
tics of the Phasitron tube are such that these trans¬ 
mitters operate with improved noise level, distortion, 
and frequency response. Other electrical features 
are: 

1. No neutralization. High-frequency screen- 
grid tubes are used in the power amplifier stages. 

2. Conservative operation of all tubes for long 
life and reliability. 

3. High-efficiency power amplifier output circuit. 

4. Metering of all important circuits. 

5. Door-operated, high-voltage interlock and 
grounding sw'itch for safety. 

6. Continuously variable input voltage control. 
This control makes it possible to operate the trans¬ 
mitter from a power supply voltage in the range 
195-245 volts. 

7. Fast-acting a-c and d-c overload protection. 

8. Time-delay protection of rectifier filaments. 

9. Design co-ordinated with high-power amplifier 
units to make possible power increases without 
changes in existing equipment. 

10. Simplified control circuit, isolated from main 
power source and grounded for safety. 

ll-9d. Tube Complement —The tube comple¬ 
ment of the General Electric BT-l-A, BT-2-A, 
and BT-3-A transmitters follows: 


BT-t-A 

Type 

Number 

Audio amplifier. 

. 6SL7 

1 


6SN7 

1 

Crystal oscillator. 

. 6SJ7 

1 

Crystal amplifier. 

. 6SJ7 

1 

Phasitron. 

. GL-2H21 

1 

Frequency multipliers. 

. 6SJ7 

5 


6V6 

1 


GL-815 

1 

Intermediate power amplifier.... 

. GL-829-B 

1 

Pfiwer amplifier. 

. Eimac 4-250A 

2 

Transmission line voltmeter. 

. 6H6 

1 

Power supplies and voltage 
regulator. 

.. GL-866-A/866 

2 


5R4-GY 

2 

bt-2-a 

Type 

Number 

Audio amplifier. 

. 6SL7 

1 

6SN7 

1 

Crystal oscillator. 

. 6SJ7 

1 

Crystal amplifier. 

. 6SJ7 

1 

Phasitron. 

. GL-2H21 

1 

Frequency Multipliers. 

. 6SJ7 

5 

6V6 

1 


GL-815 

1 

Buffer amplifier. 

. GL-829-B 

1 

Intermediate power amplifier. .. 

. Eimac 4-250A 

2 

Power amplifier. 

. Z-7C29 

2 

Transmission line voltmeter. 

. 6H6 

1 

Power supplies and voltage 
regulator. 

.. GL-8008 

2 

GL-866-A/866 

2 


5R4-GY 

2 


6B4-G 

3 


6SJ7 

1 


OC3/VR105 

1 


Type Number 

6SL7 1 

6SN7 1 

6SJ7 1 

6SJ7 1 

GL-2H21 1 

6SJ7 5 

6V6 1 

GL-815 1 

GL-829-B 1 

Eimac 4-250.A 2 

Z-7D21 2 

6H6 1 

GL-8008 6 

GL-866-A/866 4 

5R4-GY 2 

6B4-G 3 

6SJ7 1 

OC3/VR105 1 

11-10. REL 10,000-Watt Model 520 DL Quad- 
riline F-M Broadcast Transmitter— Radio Engi¬ 
neering Laboratories 10,000-watt model 520 DL 

quadriline F-M broadcast transmitter is designed 
for operation on any selected frequency between 88 
and 108 me. The electrical performance is better 
than F.C.C. requirements for F-M broadcast serv¬ 
ice and better than R.M.A. standards applicable to 
F-M broadcast transmitters. All components are 
moisture-proofed and in every way conform to the 
most rigid specifications. Inductors, busses, and 
other parts in the high-frequency circuits arc heav¬ 
ily silver-plated. The unit is designed to operate 
satisfactorily over a temperature range from 0° C 
to + 60° C. 

One of the outstanding features incorporated in 
the transmitter design is an automatic recycling 
device which functions in such a manner that with 
overload it will reduce the power amplifier high 
voltage to a lower value. Should the overload re¬ 
occur, the high voltage is again reduced, with this 
cycle continuing until the overload clears or the 
voltage is reduced to zero. High voltage can be 
restored or returned to its former value at the 
discretion of the operator by means of push switches 
located on the equipment front panel or desk con¬ 
trol unit. Voltage is reduced in discrete .steps and 
pilot lights at all times indicate the value of high 
voltage in use. 

11-lOa. Construction —The complete transmit¬ 
ter consists of three basic units which may be as¬ 
sembled in a variety of ways to suit available build¬ 
ing space. The basic units are: 

1. The 1-kw model 518 DL transmitter driver 
unit is housed in a cabinet 84 inches high by 40 
inches wide by 36 inches deep. This cabinet con¬ 
tains the Armstrong crystal-controlled phase shift 
modulator, one-kilowatt power amplifier, and asso¬ 
ciated power supplies. Each chassis in the modu¬ 
lator section is mounted on hinges allowing them 
to be swung separately into a position of accessi¬ 
bility for all components. Modulator high voltage, 
bias supply, and control circuits are likewise 


bt-3'A 

Audio amplifier. 

Crystal oscillator. 

Crystal amplifier. 

Phasitron. 

Frequency multipliers 


Buffer amplifier. . 

Intermediate power amplifier. . . . 

Power amplifier. 

Transmission line voltmeter. 

Power supplies and voltage 

regulator. 
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Fig. 11-7. Front view of the 10-kw qnadriline F-M transmitter developed by Radio Engineering Laboratories. From 
left to right (a) the 1-kw model 518 I)L driver unit w-hich includes tlie dual channel motlulator, (b) access doors to rear 
of transmitter units, (c) the 10-kw amplifier power supply and control circuits, (d) the 10-kw quadriline power amplifier. 


mounted on liinj^ed panels. Access to the modu¬ 
lator proper is throu^jh two hinged doorb located at 
the rear of the cabinet. 

2. The 10-kw power supply and control circuits 
are housed in a cabinet of the same dimensions as 
the driver. It contains the power amplifier high- 
voltage power supply with motor-driven primary 
tap switch, control relays, and switches and bias 
and screen voltage power supplies for the power 
amplifier tubes. An automatic high-voltage filter 
condenser shorting device is provided which oper¬ 
ates from the door interlock circuits. 

3. The 10-kw power amplifier is similarly housed 
in a cabinet of the same dimensions as that of the 
driver and contains the four power amplifier tubes, 
and associated grid and plate lines, connected in the 
(juadriline circuit, as well as one filament trans¬ 
former with variac control, and one blower for each 
pair of tubes. Driver output power is coupled to 
the P.A. grid circuit via a %-inch co-axial line 
running over the top of the cabinets, while output 
power to the antenna is fed via either two 1 %-inch 
co-axial, one 3y8-inch co-axial, or open-wire tran.s- 
mission line. Individual screen current meters for 
each of the four final amplifier tubes are provided 
together with individual screen voltage controls 
which simplify final balance adjustment. 

The cabinet fittings are of rugged construction 
and include specially designed door grips and con¬ 
cealed hinges. The doors and removable panels are 
fitted with switches that are connected into the 
safety inter-lock system. Cabinet doors are fitted 
with additional switches which turn on interior 
lights to facilitate servicing. Each cabinet is pres¬ 
surized and openings are sealed with special gaskets. 


Air intakes in the individual cabinets are provided 
with filters that will last indefinitely. 

It is recommended that power lines to the equip¬ 
ment be brought up through floor trenches. The 
cabinets are so designed that power may be brought 
in from the bottom, thus entirely concealing the 
lines. However, provision is made for exposed 
conduit wiring if desired, by means of conduit 
knock-outs. Convenience a-c putlets are mounted 
in the rear of each unit. 

Each cabinet is provided with large-scale illumi¬ 
nated meters from which voltage and other condi¬ 
tions in the high power circuits can be read. The 
principal circuits in the modulator chassis are 
equipped with built-in meters and all other impor¬ 
tant circuits may be examined through tip jacks. 
The front panel of the P.A. cabinet carries a meter 
which is connected to a vacuum tube voltmeter ar¬ 
ranged to measure r-f voltages on the output trans¬ 
mission line. This meter is a means of monitoring 
relative power outputs and is approximately linear 
with power. 

ll~10b. Technical Data 

Operating frequency: Any single frequency in the 
88 to 108 me band. 

Power output: 3000 to 10,000 watts, as measured 
into a properly terminated transmission line. 
Power output coupling is designed to permit the use 
of any type transmission line. 

Primary power: 208/230 volts, 60 cycles, 3 phase, 
19,300 volt-amperes for 10,000 watts output^ provid¬ 
ing an over-all efficiency from a-c line to antenna 
of approximately 53%. 
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Noise level: F-M signal-to-noise ratio is at least 
70 db below 100% modulation measured at the out¬ 
put of a monitor receiver within a band of 50 to 
15,000 cycles. A-M signal-to-noise ratio is at least 
55 db below 100% modulation measured at the 
output of a monitor receiver within a band of 50 to 
15,000 cycles. 

Maximum saving: ± 100 kc. 


11-lOc. Tube Complement 

Model 518 DL 1-Kw Driver 


Two 4X500A 
Four 872A 
Two 5U4G 
Two 3B25 
Four 6B4G 
One VR-105 
One 7F8 


Two 7N7 
Three 707 
Three 7A7 
Fifteen 7C7 
Two 7C5 
Two 829B 
One 2X2 


Model 520 DL 10-Kw Power Supply 
Two 3B25 Seven 872A r one 

I'wo 5R4GY on standbv) 


Model 520 DL Quadrilinc 10-Kw Power Amplifier 
Four 4-1000A 






Fio. n-7a. A close-up of the output stage of the REL 
518 DL 1-kw driver. Two Eimac 4X500A tetrodes are 
used This unit may be emplo>ed as a complete 1-kw 
transmitter. 

Audio input’ Audio input level for 100% modula¬ 
tion is -f-12, ± 2 dbm. Input impedance, 600 ohms 
balanced to ground. 

Monitor output: 2 watts r.f. at operating fre¬ 
quency for frequency-modulation monitor. 

Frequency stability: ± 2000 cycles. 

Fidelity: Over-all response is within ± 1 db from 
50 to 15,000 cycles at 25%, 50%, and 100% 
modulation. 

Distortion: The measured rms harmonic distor¬ 
tion is less than 1%% all signal frequencies 
between 50 and 15,000 cycles at 25%, 50% and 
100% modulation. 



Fig. ll“7b. A close-up of the 10-kw REL quadriline 
amplifier. This amplifier employs 4 Eimac 4-1000A tet¬ 
rodes, the resonant input and output circuits consisting of 
short sections of four-wire line. 
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Fig. 11-8. Simplified diagram of the RFL 518 DL 1-kw 
driver unit. 


11-11. Federal F-M Radio Broadcast Equip¬ 
ment— In Federars “Frequematic'* F-M modu¬ 
lator, frequency modulation rather than phase modu¬ 
lation is employed, and a much higher initial fre¬ 
quency of approximately 4 me is used, thereby 
eliminating to a large extent the difficulty encoun¬ 
tered by excessive multiplication of minor modula¬ 
tions produced by power supply ripple or micro¬ 
phonics. The modulating capabilities of the FTR 
frequency modulator arc such that a frequency ex¬ 
cursion many times that set up by the F.C.C. as 
representing 100-percent modulation can be obtained 
with very low distortion. 

Five pentode stages, three of them being doublers, 
one a tripler, and one a buffer-amplifier, follow the 
modulated oscillator in the equipments. Two push- 
pull pentode stages, at the final output frequency, 
increase the power to 2500 watts, followed by a pair 
of push-pull triodes to either 1000 watts or 3000 
waits. The 1-kw power amplifier is identical to 
the 3-kw power amplifier, except that the former 
uses a plate voltage of 2000 volts, while the latter 
uses 3000 volts. 

In line with R.M.A. recommendations, the pri¬ 
mary power of the 1-kw transmitter is obtained 
from a single-pha.se, 220-volt power source, while 
the 3-kw unit operating at higher power, requires 
a thrce-pha.se, 220-volt source. 

11-1 la. Power Tubes—Power tubes developed 
by Federal are employed in the power amplifier 
.stages of all F-M transmitters. These air-cooled, 



Fig. 11-*^. General arrangement of the REL model 520 DL 10,000-watt F-M broadcast transmitter. 
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high-efficiency vacuum tubes assure long life, stable 
operation at 100 me, and low noise level. Typical 
of the improved power tube developed by Federal 
is the FTR 7C26 triode, the characteristics of which 
are given below. Two of these tubes are used in 
the Federal 1-kw and 3-kw F-M transmitters in 
grounded filament circuits. 


Data on 7C26 


Filament typo. 

Filament voltage. 

Filament current.. 

Available peak emission. 

Amplification factor. 

Mutual cxinductance. 

Type of cooling.. 

Maximum over-all dimension 

Length. 

Diameter. 

Approximate direct interelectrode 
capacitances 

Plate to grid. 

Grid to filament. 

Plate to filament. 


'rhoriated tungsten 
9.0 volts 

28.5 amp 

8.5 amp 
17 

20,000 /Kumhos 
Forced-Air 75 CFM 

4J inches 
21 inches 


12MMf 
.12 M/if 
1.0 M/if 


Maximum Ratings and Typical Operation for 
Maximum Frequency of 150 Me 
Class C power amplifier and oscillator 
Key-down conditions without amplitude modulation 
Maximum ratings 

D-c plate voltage. 3000 volts 

D-c plate current. 1.0 amp 

Plate input. 3000 watts 

Plate dissipation. 1000 watts 

I)-c grid current.0.1 amp. 

D-c grid voltage. — 800 volts 

'Pypical operation 

D-c plate voltage. 3000 volts 

D-c plate current. l.O amp. 

Power output. 2350 watts 

Plate efficiency. 79% 

Class C high level amplitude-modulated amplifier for use 
with a maximum modulation factor of 1.0 maximum 
ratings 

D-c plate voltage. 2vS00 volts 

D-c plate current.815 amp 

Plate input. 2000 watts 

Plate dissipation. 660 watts 

D-c grid current. 1.0 amp 

D-c grid voltage. — 800 volts 

'Fypical operation 

D-c plate voltage. 2500 volts 

D-c plate current.0.815 amp. 

Power output. 1580 watts 

Plate efficiency. 78% 


11-1 lb. Mechanical Characteristics —In the me¬ 
chanical design of the FTR F-M radio transmitter, 
simplicity of control has been emphasized, together 
with arrangements for complete accessibility of 
component parts. Electrical components are so as¬ 
sembled on vertically mounted aluminum chassis 
that they are entirely accessible from both front 
and rear. Appreciating the necessity for quick re¬ 
moval and replacement of components, these trans¬ 
mitters were designed with this feature in mind. It 
is possible to service any one of the components 
without interfering with others. 

The operating controls are arranged on vertical 
front panels, one on the right and one on the left. 


Switches and controls are an integral part of the 
main chassis, and the individual controls are me¬ 
chanically adjusted at the factory. 

1. Cabinet. The FTR F-M broadcast equip¬ 
ment is housed in a cabinet of modern design which 
presents a highly attractive appearance and enables 
convenient access to all components as well as in¬ 
suring protection to the operator. The cabinet is 
finished in a beige color which very successfully 
blends with the remainder of the equipment. 

Complete access to all apparatus locked in the 
rear side of the vertical chassis is possible through 
the full length doors located in the rear. Complete 
personnel protective circuits are used in conjunction 
with these doors which arc electrically integrated 
with the control circuits so that all power is cut off 
when the door is open. Included in this protective 
system is a switch which automatically shorts out 
the rectifier bus when the door is opened. 

Two full-length front doors cover the operating 
front of the transmitter proper. These doors are 
opened by a centrally located knob which operates 
a three-point catch. Upon opening the front doors, 
the operating front of the transmitter is exposed. 
Accessibility into the fronts of the vertical chassis 
is accomplished by opening small access doors which 
cover the various units in the transmitter. Each 
door giving access to high voltage is interlocked 
with the high-voltage power supplies to insure oper¬ 
ating personnel safety. The cabinet is constructed 
entirely of aluminum to minimize weight and to 
minimize corrosion. 

2. Weight. The 1-kw unit weighs approximately 
1500 pounds, the 3-kw unit approximately 2000 
pounds, and the 250-watt unit approximately 750 
pounds. 

3. Dimensions. 1-kw and 3-kw units: 66% 
inches wide, 39% inches deep, 83 inches high; 250- 
watt unit: 34% inches wide, 39% inches deep, 83 
inches high. 

4. Ventilating and Air Filtering. One blower 
provides forced air cooling for the 250-watt trans¬ 
mitter while two blowers arc used for the 1-kw and 
3-kw transmitters. These are mounted on rubber- 
cushioned mounting cradles. Filters in the rear of 
the transmitter prevent entrance of dust when the 
blowers are in operation, and the air outlet at the 
top of the cabinet is covered by copper screening 
to prevent the entry of foreign substances. 

Warning of excess temperature, such as might be 
caused by failure of the blower or by clogging of 
the air-intake filter, is given by thermostat, buzzer, 
and an indicating light on the front panel. 

The exciter unit is cooled by means of a duct 
system running up the left side of the equipment. 
The duct is provided with openings which dis¬ 
charge air horizontally, allowing complete cooling 
of components. The air then flows upward through 
the vertical chassis, due to chimney effect, thereby 
providing the most efficient type of cooling possible. 
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Fig. 11-10. Federal 250-watt F-M exciter unit. 


The cooling in the power amplifier unit is accoin- 
pliifhed by duct work which channels air directly to 
the radiator elements of the air-cooled tubes. 

S. Arrangement of Component Units. The F-M 
transmitter consists of two individual vscctions made 
integral by means of unified cabinet design. The 
left section, known as the “exciter unit” consists of 
a meter panel, intermediate power amplifier, multi¬ 
plier, a modulator, a regulated power supply, and a 
control unit. 

The right section consists of a meter panel, a 
power amplifier, and a power supply and control 
unit. 

11-llc. Technical Data 

1. Frequency range: 88 to 108 me. 

2. Mochtlafion: Linear modulation of all audio 
signals between 50 and 15,000 cps is maintained 
even when the transmitter is overmodulatcd by as 
much as 300%. The modulator circuits are inde¬ 
pendent of the center-frequency control system and 
will operate correctly even if the CFS unit is 
removed. 

3. Audio input Ictrl: Program level approxi¬ 
mately 0 vu for full modulation of ± 75 kc per 
second. Single-frequency level of -f 10 dbm for 
same excursion. 


4. Frequency response: Flat for all audio signals 
between 50 and 15,000 cps to within ± 1 db. 

5. Noise Ie7Tl: The F-M noise present in the 
transmitted wave measured under normal broadcast 
conditions is — 65 db below full carrier modulation. 

6. Pre-emphasis of audio frequencies: Pre¬ 
emphasis circuits, in accordance with R.M.A. stand¬ 
ards, have been provided at the audio input. The 
use of this circuit is optional and can be cut out 
if so desired. 

7. Frequency stability: The mean frequency of 
the master oscillator is synchronized to that of a 
temperature-controlled quartz crystal, thus main¬ 
taining the center frequency to within 0.001% of 
its assigned value. 

8. Primary power: 250-watt exciter operates from 
a 220-volt, single-phase, 60-cps power source, and 
requires an input of 3% kva for full powef output. 

1-kw transmitter operates from a 220-volt, single¬ 
phase, 60-cps power source, and requires an input 
of 5% kva for full power output. 

3-kw transmitter operates from a 220-volt, three- 
phase 60-cps power source, and requires an input of 
8% kva for full power output. 

9. Control system: Toggle and puslj button 
switches control the application of power to the 
transmitter. For normal on-off control, a single 
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Fk., 11-11. R-f unit of Federal l-kw F-M transmitter. 


master switch is used with the sequencing and time 
delay cyclinj; entirely automatic. Individual plate 
and bias switches are provided for maintenance and 
checking purposes. Automatic time delay equip¬ 
ment for filament preheating is a standard feature 
of this unit. 

11-1 Id. Technical Description of “Freque- 
matic” Modulator —The solution of one of the 
major problems in F-M transmitters, stability of 
the mean frequency, as well as an improved method 
of direct frequency modulation, has been accom¬ 
plished by the Federal Telephone and Radio Cor¬ 
poration. Utilizing an all electronic system, per¬ 
mitting performance well within limits established 
by the F.C.C. “Standards of Good Engineering 
Practice,** this unit features simplicity and economy, 
for it employs standard receiver tubes and contains 
only two tuned circuits. 

The mean carrier frequency is precisely controlled 
by means of a crystal via a method of frequency 
division. The frequency division is accomplished 
through multivibrator circuits which depend mainly 
on resistance and capacitance components for criti¬ 
cal and non-critical functions, thus enabling the 


equipment to have outstandingly stable and rugged 
mechanical as well as electrical characteristics. In 
addition, it assures extreme ease of initial alignment 
and a minimum of operational maintenance. 

Some essential features of the Federal F-M 
center-frequency-stabilization modulator system are: 

1. Operational Features 

(a) Precision lock-in of carrier to crystal fre¬ 
quency by frequency division and phase 
comparison. 

(b) High performance with simple single-ended 
modulator circuits: 


A-F Distortion. 0.5% 

F-M Noise. 75 db below 100% modulation 

A-M Noise. 60 db below carrier level 


(c) All-electronic action. 

(d) Correct modulator emergency operation with 
center frequency control system inoperative. 

(e) Wide-range frequency pull-in (±50 kc). 

2. Circuit Features 

(a) No tuned circuits in crystal oscillator. 

(b) Minimum number tuned circuits (only two). 
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(c) Untuned-type frequency dividers. 

(d) D-c operation of filaments. 

(e) Carrier deviation indicating meter. 

(f) Single crystal used with spare crystal 
provision. 

(g) Maximum accessibility to tubes and all cir¬ 
cuit components for check or replacement. 

(h) Standard tubes throughout. 

The Federal modulator unit, the circuit of which 
is shown in Figure 11-15, is of extremely simple 
design using only three tubes, a 12J5 oscillator, a 
6AB7 modulator, and a 6AB7 buffer. Modulation 
is effected by reflection of the effective capacitive 
variation of the niodulator tube grid circuit across 
the master oscillator tank. This capacitive change 
is proportional to the total voltage on the 6AB7 
modulator tube grid which is the sum of the pro¬ 
gram audio frequency input and the CFS phase 
detector output voltages. Thus the modulator not 
only converts the audio voltage into the desired 
frequency variations, hut also acts in conjunction 
with the CFS system to maintain accurately the 
mean carrier frequency in exact coincidence with 
that of the temperature-controlled precision crystal. 

The linear relationship between the input capaci¬ 
tance and the transconductance of a vacuum tube 
amplifier is made use of in the hVderal modulator 


to swing the frequency of a Hartley oscillator. 
Operating the modulator in its region of linear 
transconductance and applying a modulating signal 
to its control grid, we obtain an input capacitance, 
applied to the oscillator, directly proportional to the 
amplitude of the modulating signal (Figure 11-16). 

To a first approximation, and for a qualitative 
discussion of the mechanism of the action of the 
modulator, it can be shown that the input capaci¬ 
tance of the vacuum tube is given by: 

Cin “ ^yp(l “I” 

where Ri is the load impedance at resonance. 
Since the frequency of oscillator is approximately 


1 



we have the differential of frequency, for an incre¬ 
ment of capacitance AC; 



This shows that the frequency swing is directly pro¬ 
portional to the change in injected ca])acitance and 
inversely proportional to the fixed tank capacitance 
C. To obtain a fixed frequency swing for a given 
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Fig, 11-12. R-f unit of Federal 3-kw F-M transmitter. 
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Fig. 11-13. Rear view of the FTR 1-kw F-M trans¬ 
mitter manufactured by Federal Telephone and Radio 
Corporation. 


chanffc in input capacitance, as the oscillator capaci¬ 
tance is changed to cover the frequency band, an 
fuljustable capacitance Cc used to couple the 
modulator to the oscillator. To reduce the r-f sig¬ 
nal on the modulator grid, the capacitance is in¬ 
jected across only a portion of the tank inductance. 

The Federal center-frequency stabilization sys¬ 
tem, Figure 11-17, is based upon the automatic 


synchronization of two oscillators, a crystal oscil¬ 
lator and a master frequency-modulated oscillator, 
to obtain mean center-frequency control. The fre¬ 
quencies of the crystal oscillator and the master 
oscillator are each divided to a common frequency 
and are then combined in a balanced phase detector. 
The integrated rectified output is used to actuate the 
Federal modulator so as to pull-in and lock the 
master oscillator mean frequency to that of the crys¬ 
tal oscillator. 

If synchronization of the two frequencies is as¬ 
sumed, the output of the balanced phase detector 
depends on their relative phase. Any attempt of 
the mean frequency of the master oscillator to drift 
from the crystal frequency results in an instan¬ 
taneous change of the phase difference of the two 
oscillations and a corresponding change in the rec¬ 
tified output of the phase detector, thereby acting 
on the Federal modulator to increase or decrease 
the master oscillator frequency and so restore 
synchronization. 

If synchronization of the two frequencies is not 
assumed, the output of the detector is the beat dif¬ 
ference between the divided crystal oscillation and 
the divided master frequency-modulated oscillation. 
This beat frequency, acting on the Federal modu¬ 
lator swings the carrier frequency of the master 
oscillator at a rate equal to the beat frequency and 
with a deviation proportional to the amplitude of 
the beat. If the deviation is made sufficiently large 
and the beat rate sufficiently low, the instantaneous 
frequency of the modulated oscillator is in ncar- 
synchronization with the crystal oscillation for a 
sufficient number of oscillation cycles for the condi¬ 
tion of synchronization to take hold. Thereafter 
we have the condition described in the previous 
paragraph. 
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Block diagram of Federal F-M center-frequency stabilization 
and modulator unit. 
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It would not be possible to synchronize a 
frequency-modulated oscillator accurately with a 
crystal oscillator at the carrier frequency, since 
under modulation the carrier fre(iuency amplitude is 
reduced and passes through innumerable conditions 


HARTLEY OSCILLATOR MODULATOR 



Fir,. 11-16. Basic circuit of Federal modulator. 


of zero amplitude. But if frequency division is 
performed, the effect is to reduce the frequency 
swing and the modulation index to an extent where 
the reduction of carrier amplitude is very small. 
In the present case, we have a maximum swing of 
3 kc at an oscillator center frequency of 4 me. A 
frequency division of 256 brings the maximum 
swing to 3000/256 = 12 cycles. Considering an 
audio frequency of 30 cycles, the maximum modula¬ 
tion index is 12/30 = 0.4 radians = 24°. This 
index reduces the carrier to 0.96 of its unmodulated 


value, giving an essentially constant carrier for 
synchronization. The crystal oscillator is also di¬ 
vided to a frequency corresponding to the divided 
frequency of the master oscillator. 

The dependence of control on a balanced phase 
detector, Figure 11-18, imposes a condition that the 
instantaneous phase variation at the detector not 
exceed db 90°, since this is the maximum range 
over which the detector operates as a phase control 
device. Since the frequency division reduces the 
phase variation due to modulation to less than 24°, 
the system is always within the control of the phase 
detector when the system is under synchronization. 
As a matter of fact, it is possible to exceed con¬ 
tinuous 200-percent modulation and still be in 
control. 


AUDIO INPUT 



Fio. 11-17. Basic black diagram of Federal CFS 
modulator system. 
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The output circuit of the phase detector is essen¬ 
tially an integrator and low-pass 10-cycle filter that 
responds only to slow mean frequency drifts and 
removes the residual modulation. 



Fk;. 11-18. Basic circuit of balanced phase detector. 


It can he shown that under conditions of synchro¬ 
nization the output voltage of the balanced phase 
detector is given hy 

1 output ~ I 1 fu I I I' fbl 

= 1.414r„r[Vl -h Cos 5 — Vl — cos 6] 

where S is the phase angle between the divided mas¬ 
ter oscillator input and the divided crystal input. 
This is shown in Figure 11-19. The output voltage 
is plotted against 8 in Figure 11-20. 

The physical picture of the action of the balanced 
phase detector may he considered as the action of 
two peak-reading diode detector circuits whose out¬ 
puts are combined in opposition. F^a is 
voltage acting on the upper diode and is the 
peak voltage acting on the lower diode. The time 
constants of the output network RiCi and 
are high enough to prevent any appreciable delay 
in the peak voltage during the time when the diode 
is not conducting. If 90® phase between the two 
identical frequencies is assumed, Vea is equal to 
and their difference gives zero output voltage. 
This is the normal operating condition. Any at¬ 
tempt at slow drift of the master oscillator fre¬ 
quency will shift the phase in a direction to give a 
correcting output voltage to the Federal modulator. 
This voltage wdll change the injected capacitance so 
that the fretiuency will remain the same. There¬ 
fore, we may operate at any point within the region 
of control of the S curve, and the system will be 
in synchronization. In the same manner, should 
any of the parameters of the oscillator circuit 
change, normally causing a change in frequency, 


Vcb Ve. 



Fig. Vector diagram of phase detector. 


the phase will shift to compensate for the parameter 
shift and the frequency will remain constant. 

It has been previously noted that the phase swing 
due to modulation is well within the limits of con¬ 
trol of the balanced phase detector. Since the 
lowest modulating frequency is 30 cycles, the 10- 
cycle, low-pass filter following the detector removes 
the residual modulation. 

To effect the frequency division, the frequency- 
modulated master oscillator is fed through a total 
of six multivibrator frequency divider circuits to 
reduce the original 3.7-4.5 me carrier frequency 256 
times to 14.3-17.6 kc. In a similar manner the crys¬ 
tal frequency of 114.5-140.7 kc is divided by a 
factor of 8 in two multivibrator circuits to the 
common 14.3-17.6 kc value. All multivibrators are 
of the well known Abraham-Bloch type, which 
divides the applied frequency accurately by means 
of extremely simple and reliable circuits. 

The carrier is controlled by a crystal mounted iti 
a Bliley type TC-93 oven holder. The frequency 
of this crystal is of that of the carrier. 



Fig. 11-20. Response characteristic of phase detector. 

11-12. RCA Type BTF F-M Transmitters— 

The RCA type BTF series consists of three trans¬ 
mitters with power ratings of 250 watts, 1000 watts 
and 3000 watts, which employ new circuit features 
including a new exciter of unique design, a new 
tube especially designed for 100-mc operation, and 
a grounded-grid amplifier. All transmitters are 
made up of basic units 25 inches square by 84 
inches high, and so designed that adding an ampli¬ 
fier in any power category entails very little equip¬ 
ment or cost. Each unit has vertical chassis con¬ 
struction providing unimpeded up-draft ventilation; 
full length, full width doors provide quick access to 
all parts. The units are dust-proof, since the only 
openings are into cabinets through dust filters in 
the base, and each unit is provided with blowers in 
the base or ventilating fans in the top. 

Add-on Amplifier Design —^As men¬ 
tioned previously, an increase in power can be ac¬ 
complished readily due to the fact that each succes- 
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sive power category is formed by adding an ampli¬ 
fier to the next lower-powered unit. Thus, the 
BTF~2S0 (250-watt) transmitter plus an amplifier 
becomes the BTF-IC (1000-watt) transmitter; the 
B'^I'F-IC plus an amplifier becomes the BTF-3B 
(3000-watt) transmitter, and so on. 

Ordinarily, it would not be economical to add an 
amplifier for a three-to-one step-up in power because 
conventional tubes and circuits are usually designed 
for, and operate most efficiently at, step-up ratios of 
the order of ten-to-one. As a result, with conven¬ 
tional amplifiers, the combination of a low-powered 
unit plus an amplifier costs more than a unit built 
originally for the higher power. However, when 
grounded-grid amplifiers are used, as in the new 
RCA F-M transmitters, this is not true; for with 
grounded-grid circuits, the driver stages also con¬ 
tribute to the actual antenna output of the trans¬ 
mitter. Thus, a much smaller amplifier tube can be 
used than in conventional circuits, and a three-to- 
one step-up becomes more economical and more 
practical. The new RCA F'-M transmitters have 
been designed to facilitate the addition of amplifiers 
to increase power. 

It is worth noting also, that another feature of 
the new F-M transmitters adds naturally to the ease 
of power increases. This is the aptly titled “Multi- 
Unit” construction whereby all of these transmitters 
are made up of standard cabinet units which go 
together like building blocks. With this type of 
construction, the addition of amplifier units is rela¬ 
tively easy. The extra units fit directly on the 
original units; no additional air or wiring ducts are 
required. And, not the least important, the over-all 
installation has a matching appearance; it looks like 
an equipment designed originally as a single unit, 
which, as a matter of fact, it was. 

Even for the station that never actually makes 
use of the add-on amplifier feature, it has some 
value. This is because standardization greatly in¬ 
creases the quantity of low-power units manufac¬ 
tured and thereby substantially reduces the cost of 
each. 

ll-12b. Specifications of RCA Type BTF-250A 
Transmitter —The RCA type BTF-250A trans¬ 
mitter is designed for operation at output powers 
of SO watts to 250 watts. While this transmitter 
is the smallest of the new RCA F-M transmitters, 
it incorporates the same circuits as those in flie 
larger transmitters, uses the same type of compo¬ 
nents and is built to the same standards as the larger 
equipments. In fact, this same unit is used, with 
minor modifications, as the driver unit of the high- 
powered transmitters. Thus it makes available to 
“community” stations and educational stations a 
transmitter which, although of relatively low power, 
will nevertheless meet the same standards of per¬ 
formance and reliability as the largest and most 
deluxe types. Moreover, because of the savings 
effected in manufacturing standardized units in 


large quantities, it costs no more than similar power 
equipments which are built in much less substantial 
manner. 

Electrically the BTF-250A consists of a standard 
exciter followed by two r-f amplifier stages. The 
output frequency of the exciter falls in the range 
of 44 to 54 me. This is doubled to the final operat¬ 
ing frequency in the first 4-125A stage. This stage 
drives a final amplifier which employs two type 
4-125A tubes in parallel. There are two rectifiers; 
a low-voltage unit utilizing one RCA 5U4G and a 
high voltage unit employing two RCA 866A/866’s. 

Mechanically the BTF-250A consists of a single 
cabinet of the type standardized for all RCA F-M 
transmitters. In this cabinet arc the F-M exciter 
unit, its power supply, the r-f amplifiers, their power 
supplies, and the necessary control circuits. The 
schematic diagram is shown in Figure 11-21. 'I'he 
performance specifications follow: 

1. " rcqucncy range: Any specified freciuency be¬ 
tween 88 and 108 me. 

2. tower output {into transmission line): 50 to 
250 watts. 

3. R-f output impedance: 35 to 75 ohms. 

4. Carrier frequency stability: Deviation less than 
2000 cps. 

5. Modulation capability: i 100 kc. 

6. Audio input impedance: 600 ohms. 

Average program Icifcl: +4 + 2 vu. 

100% modulation Ict'cl: + 12 + 2 dbm. 

7. Audio-frequency response (30 to 15,000 cps, 
1000 cps reference): Within + 1 db. 

8. Audio-frequency distortion (30 to 15,000 cps, 
including all harmonics up to 30 kc/s at +75 kc 
szving): Less than 1.5% rms. 

9. F-M noise level, below + 75 kc swing: 65 db. 

10. A-M noise level, below 100% amplitude 
modulation: 50 db. 

11. Po%ver line requirements (transmitter) 

Line voltage: 208/230 volts. 

Frequency: 50/60 cps. 

Power consumption: 1050 watts. 

12. Power line requirements (crystal heaters) 

Line voltage: 115 volts. 

Frequency: 50/60 cps. 

Power consumption: 28 watts. 

ll-12c. Specifications of RCA Type BTF-IC 
Transmitter —The RCA type BTF-IC transmit¬ 
ter is intended for operation at output powers of 
250 watts to 1000 watts. It is built in the same 
manner as the larger RCA F-M transmitters, uses 
the same circuits and components, and can, at rea¬ 
sonable cost, be increased in power by addition of 
standard amplifier units. It is well suited for the 
requirements of stations in metropolitan centers of 
medium size and may also be used by larger educa¬ 
tional stations when the very highest standards of 
performance and reliability are desired. 

The electrical circuits of the BTF-IC are similar 
to those of the BTF-250A with the addition of an 
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Fig. 11-21. Simplified schematic diagram of the RCA BTF 250A transmitter. 


extra amplifier stage to give increased power. A Jn the right-hand cabinet are mounted the high- 

standard exciter is followed by a type 4-125A as a voltage rectifier and the standard F-M exciter unit; 

doubler. This doubler is followed by an intermedi- in the left-hand cabinet, the r-f amplifiers. Addi- 

ate r-f stage employing two type 4-125A's in paral- tional space in this cabinet is utilized when it is 

lei. This stage acts as the driver for a grounded- desired to increase output power above 1000 watts, 

grid amplifier stage in which one of the new RCA- The controls on the right-hand door are the 
7C24*s is used to furnish the required power to filament rheostat and filament and plate switches, 

the antenna transmission line. In addition, there is The controls located on the left-hand door are for 
a low-power rectifier using one RCA 5U4G and a tuning purposes. From right to left they tune 
high-voltage rectifier using four RCA 8008*s. successive stages. The final control on the extreme 

All the components of the BTF-IC are mounted left varies the power output from 250 to 1000 

in two of the new standard transmitter cabinets. watts, the level being indicated in percent by the 

2 TYPE 4-125A 

ITYPE4-I25A . INTERMEDIATE I RCA-7C24 



Fig. 11-22. Simplified schematic diagram of the RCA BTF-IC transmitter. 
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power output meter above, which is adjusted to read 
100 percent when the output is determined for the 
specified coverage. See Figure 11-22 for simplified 
schematic diagram. The performance specifications 
follow: 

Frequency range: Any specified frequency be¬ 
tween 88 and 108 me. 

Foufcr output (into transmission line): 250 to 
1000 watts. 

/?-/ output impedance: 35 to 75 ohms. 

Carrier frequency stability: Deviation less than 
2000 cps. 

Modulation capability: i 100 kc. 

Audio input impedance: 600 ohms. 

Ai’crage program lezfcl: + 4 ± 2 vu. 

100% modulation level: +12 + 2 dbm. 

Audio-frequency response (30 to 15,0(K) cps, 1000 
cps reference): Within + 1 db. 

Audio-frequency distortion (30 to 15,000 cps, in- 
eluding all harmonics up to 30 kc/s at +75 kc): 
Less than 1.5% rms. 

F-M noise level, below + 75 kc, siving: 65 db. 

A-M noise level, behnv 100% amplitude modula¬ 
tion: 50 db. 

Pozver line requirements (transmitter) 

Line voltage: 208/230 volts. 

Frequency (50 cps available at slightly higher 
cost): 50 or 60 cps. 

Instantaneous regulation (maximum) : 5%. 

Penver consumption (approximate): 3000 watts. 

Pozver line requirements {crystal heaters) 

Line voltage: 115 volts. 

Frequency: 50/60 cps. 

Pozver consumption: 28 watts. 

ll-12d. Specifications of RCA Type BTF-3B 
Transmitter —The RCA type BTF-3B transmit¬ 
ter is suitable for stations reijuiring a power output 
(to the transmission line) of 1000 to 3000 watts. 


Circuits, components, and construction are essen¬ 
tially the same as those of the other BTF trans¬ 
mitters. It is probable that this transmitter will be 
used by many stations in metropolitan areas, and 
this possibility has been given special consideration 
in the design. Space in which a spare exciter unit 
may be mounted is one of the features. 

Electrically, the BTF-3B has the same circuits 
as the BTF~1C plus an additional amplifier stage. 
The standard exciter unit is followed by a doubler 
stage using a type 4-125A and two r-f amplifier 
stages using, respectively, two type 4~125A’s and 
an RCA 7C24 (^the latter operating as a grounded- 
grid amplifier). This stage acts as the driver for 
a final output stage which consists of another RCA 
7r24, also using a grounded-grid circuit. The use 
of the same size tube in both driver and output 
stages is made practical by the fact that with the 
grounded-grid circuit the driver stage contributes 
a sub.^tantial share of the output power, thereby 
making it possible to use a much smaller tube in 
the output stage than would be retjuired with a 
conventional grounded-filament circuit. Rectifiers 
in the RTF-3B include a low-voltage unit using 
one RCA 5U4G and a high-voltage unit using six 
RCA 8008’s. The control circuit includes automatic 
starting and recycling. A schematic circuit of the 
BTF“3B transmitter is shown in Figure 11-23. 

Structurally, the BTF-3B consists of three of 
the standard transmitter cabinets. The exciter (and 
a spare, if used) and its power supply are located 
in the center cabinet. The r-f amplifier circuits 
are located in the left-hand cabinet, and the high- 
voltage power supply and control circuits are in 
the right-hand cabinet. The performance specifi¬ 
cations follow: 

Frequency range: Any specified fretiuency be¬ 
tween 88 and 108 me. 


2 TYPE 4-125A 

1TYPE4-125A ISl R F 


i RCA 7C24 I RCA 7C24 

INTERMEDIATE POWER 



Fig. 11-2.3. Simplified schematic diagram of the RCA BTF-3B transmitter. 
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Poivcr output (into transmission line): 1000 to 
3000 watts. 

R-f output impedance: 35 to 75 ohms. 

Carrier frequency stability: Deviation less than 
2000 cps. 

Modulation capability: ±100 kc. 

Audio input impedance: 600 ohms. 

Average program level: ± 4 ± 2 vu. 

100% modulation level: 4-12 + 2 dbm. 

Audio-frequency response (30 to 15,000 cps, 1000 
cps reference) uniform within: ± 1 clh. 

Audio-frequency distortion (30 to 15,000 cps, in¬ 
cluding all harmonics up to 30 kc/s at ± 75 kc 
saving): Less than 1.5% rms. 

P-M noise level, belozv ± 75 kc swing: 65 db. 

A-M noise level, below 100% amplitude modu¬ 
lation : SO db. 

Poioer line requirement (transmitter) 

Line z>oltage: 208/230 volts. 

Frequency: 50 or 60 cps. 

Pozver consumption (approximate): 8300 watts. 

Pozver line requirements (crystal heaters) 

Line voltage: 115 volts. 

Frequency: 50/60 cps. 

Pozver consumption: 28 watts. 

ll-12c. Power Circuit Features —In the BTF 
transmitters, all power circuits are protected by 
magnetically or thermally tripped circuit-breaker 
switches. These circuit breakers automatically 
open under overload conditions and thus isolate the 
fault from the a-c bus. They are used in high 
power, filament, blower, and low-power circuits. 
Their use eliminates the delay and danger involved 
in replacing fuses in these circuits. The only fuses 
in these transmitters are the two in the crystal 
heater circuits for the exciter unit. In the 3 kw 
transmitter, high-speed overload relays are provided 
in the high power circuits in order to give additional 
protection to expensive components. In all trans¬ 
mitters, an interlocking control prevents-the applica¬ 
tion of plate power until the rectifier filaments have 
reached operating temperature. 

In the BTF--3B both manual and automatic start¬ 
ing are provided. When in the Automatic position, 
a 3-shot recycling sequence is provided which auto¬ 
matically returns the transmitter to the air up to 
three times in case of repeated overloads and then, 
if the overload condition persists, automatically 
shuts the transmitter down. The carrier monitor is 
connected to this circuit; hence, any arc on the 
transmission line will cause the transmitter to shut 
down momentarily to permit the arc to clear. A 
special hold-in circuit permits the transmitter to 
return instantly to the air in case of a momentary 
power line failure, thus avoiding the 30-second 
delay required for the plate time-delay relay to close. 
A power reduction switch located in the primary 
circuit of the main rectifier provides a reduced 
power position for tune-up and emergency 
operation. 


In the BTF-3B transmitter a new type rectifier 
tube, the RCA 8008, is used. In prewar transmit¬ 
ters of this power category 872 or 872A’s were used. 
While these tubes have ratings sufficient for the 
service it was found that many transmitter outages 
resulted from the rectifier failures (because of the 
number of these tubes involved). Since the cost 
of these tubes is relatively small, it seemed worth¬ 
while to consider means of obtaining longer life. 
However, to go to the next larger size would entail 
using tubes altogether too large. This problem 
has been solved by the production of the RCA 8008. 
Essentially the same internally as the 872/872A, 
the 8008 has a larger base and pins, and an im¬ 
proved anode cap. It is expected to give much less 
trouble and considerably improved life. 



Fig. 11-24. RCA F-M exciter unit used in all RCA F-M 
broadcast transmitters. 


ll-12f. F-M Exciter Unit —The F-M exciter 
unit associated with the BTF series of RCA trans¬ 
mitters consists of two vertical panels, as shown in 
Figure 11-24, one panel of which contains the r-f 
modulator circuits and the other the regulated power 
supply. Electrically, the exciter unit includes all 
of the frequency generating, modulating, and fre¬ 
quency multiplying circuits of the transmitter ex¬ 
cept the final doubler. Modulation is accomplished 
by the reactance or “direct*' method as described in 
Chapter 7. However, a new method of frequency 




FM BROADCAST TRANSMITTERS 


433 


control is employed having operational advantages 
over the former method. 

It will be recalled from Chapter 7 that it is neces¬ 
sary to compensate for the drift in frecjuency of the 
master oscillator by a crystal-controlled oscillator 
used in connection with a mixer and discriminator 
circuit. The crystal oscillator is operated at a fre¬ 
quency 1 me higher than the master oscillator, and 
Uie beat note developed between the two oscillators 
rectified in a mixer tube and fed into a discriminator 
in such a manner that any fluctuation in the 1-mc 
frequency caused by variation of the master oscil¬ 
lator frequency is converted to a varying d-c poten¬ 
tial. After filtering, to remove rapid fluctuations 
such as would be caused by modulation, this d-c 
potential is used to control the grid potential of one 
of the reactance tubes with such polarity as to 
reduce any change in frequency of the master 
oscillator. 

The disadvantage of such a system is that the 
d-c control potential is dependent on the discrimi¬ 
nator characteristic and it fluctuates because of 
changes of contact potential of the rectifier required 
for operation of the discriminator. 

This disadvantage can be offset in part by placing 
the master oscillator, the reactance tube modulator, 
and the discriminator in a temperature controlled 
oven ; however, the oven tends to offset the desirable 
feature of circuit simplicity as it makes access to 
circuit elements difficult and time consuming. 

The operation of the RCA FM exciter unit has 
been described by N. J. Oman, of the RCA Trans¬ 
mitter Engineering Department, as follows 

“Two balanced modulators are set up to obtain in the 
output of each a beat frequency corresponding to the dif¬ 
ference between the crystal reference fre(iuency and that 
of the master oscillator. The signal output from the 
crystal oscillator divides and feeds through phase shift 
networks designed to give a 90° displacement in phase 
between the inputs to the two modulators. The signal 
from the master oscillator is of the same phase in both 
modulators. It is rather obvious that the 90° displace¬ 
ment in the crystal oscillator signal will result in a 90° 
displacement of the beat frequencies in the output cir¬ 
cuits of the two modulators. Not so obvious, but never¬ 
theless true, the direction of rotation of the two 90° vec¬ 
tors, that might be considered as generating the two-beat 



Fig. 11-25. Simplified diagram of the reactance modu¬ 
lator circuit developed by RCA. This circuit accomplishes 
frequency modulation directly. 

2 “A New FM Exciter Unit of Greatly Improved Per¬ 
formance/* N. J. Oman, Broadcast News, No. 42, January, 
1946. 
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FUNDAMENTAL FREQUENCY CONTROL CIRCUIT 


Fig. 11-26. This is the basic control circuit used in the 
exciter. Two beat frequency voltages, 90° out of phase, 
are used to drive a two-phase motor which controls the 
position of the fri ciuency-determining condenser. 

frequency outputs, changes from clockwise to counter¬ 
clockwise depen/iing on whether the master oscillator 
frequency is higher or lower than the crystal frequency. 
In other words, there is a reversal of one phase of the 
two-phase output of the two modulators when the master 
oscillator frequency passes through zero beat with the 
crystal frequency. If the two-phase output of the two 
modulators is utilized to energize the field windings of 
a two-phase motor, the direction of rotation of the motor 
shaft will be clockwise if the master oscillator frequency 
is higher than that of the crystal oscillator, and counter¬ 
clockwise if the master oscillator frequency is lower than 
that of the crystal. The motor can therefore be used to 
turn a capacity or other tuning means to effect a cor¬ 
rection of the master oscillator frequency should it de¬ 
part from that of the crystal oscillator. A preliminary 
arrangement of this kind is illustrated in Figure 11-27. 



4.5*6 M.C 

PRELIMINARY FREQUENCY CONTROL 
FM EXCITER 


Fig. 11-27. Block diagram of the preliminary form of 
the exciter unit. In this arrangement the crystal-controlled 
oscillator operates in the 4.5 to 6.0 me band, thus permitting 
direct comparison with modulated oscillator frequency. 

“If the frequency control is to be a precision device the 
method of drive (or the mechanical coupling) between 
the motor and the tuning element is very important. It 
will be recognized that the system, as described so far, 
has a very desirable feature in that the rate of rotation 
of the free motor shaft would, within limits, be propor¬ 
tional to the difference of the oscillator frequencies, as 
opposed to an on-off device that would give full motor 
speed up to correct frequency. This characteristic of 
the system helps reduce difficulties with hunting so 
prevalent with automatic controls of similar type. In 
preliminary tests of this control a worm-and-pinion 
speed-reduction gear was used between motor and tun¬ 
ing condenser. This method of drive proved td be un¬ 
satisfactory. When sudden large frequency corrections 
were required, a relatively long time was consumed by 
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the operation. For small frequency deviations the action “The third circuit considered was the locked-in oscil- 
was sluggish, since the motor turned very slowly. It lator frequency divider as shown in Figure 11-28. This 

had first to take up lost motion in the gearing and it circuit reduces the number of circuit components to a 

had to develop enough torque to overcome static friction. minimum. The wave shape of the output is sufficiently 

“To correct the above-mentioned condition the tuning good for the purpose. It will cover the tuning range 

condenser rotor was mounted on an insulator on one end required for the exciter by means of an adjustable iron 

of the motor shaft. The fixed plates of the condenser slug in the coil. The lock-in range may be as high as 

were split in half, one half was grounded, the other half i 5%. 

was connected to the master oscillator plate circuit. “Having selected a circuit for frequency division the 
This construction eliminates all backlash or lost motion, next consideration was to fix the frequency at which the 
and also eliminates friction other than that of the motor comparison of frequencies was to be made. During the 

bearings. With this construction the motor is never re- , war the RCA crystal group developed a crystal and 

quired to turn more than ±45® to include the full range holder desigied to operate in the frequency range of 90 

of control, and friction is reduced to a minimum. The to 125 kc. The performance of these units has been very 

action is fast and positive. The motor can easily follow good and they, therefore, were selected for use as a fre- 

the slightest variations in frequency. The rate of fre- quency standard. 

quency correction is limited only by the requirement of “A preliminary test of the performance of the fre- 
not causing demodulation of the lowest signal frequency. quency control with frequency comparison made at 100 

“Several types of two-phase motors were consider^ kc gave excellent performance, except for loss of con¬ 

fer the control. One was of synchronous type with a trol in the presence of tone frequency modulation when 
permanent magnet rotor. This motor provided very ac- the modulating frequency was below one hundred cycles, 
curate control, but none tested would start if the initial 
frequency exceeded 60 cycles-per-second. No damping 
could be used with this synchronous motor and inertia 
had to be kept low so as not to hamper starting. A sec¬ 
ond type tested was an induction motor. This had 
torque enough to start at frequencies up to 1000 cycles- 
per-second. Further tests with this induction motor, 
with viscous damper and direct-mounted condenser, dem¬ 
onstrated that it would respond to the slightest rotation 
of its magnetic field. This motor, therefore, was selected 
as most suitable for the control. 



“Since the limit on the control range with this system 
is the high frequency response limit of the motor, an in¬ 
crease in the range of control can be obtained by divid¬ 
ing the modulated oscillator frequency, so that it can be 
compared to a crystal oscillator at a lower frequency. 
The range of control can thus be increased by a factor 
equal to the division in frequency. There are several 
ways of accomplishing the required frequency division. 
One is by the use of frequency dividing stages employ¬ 
ing the principle of regenerative modulation, whereby a 
subharmonic is obtained by a modulation process. Since 


6AC7 AS A TRIOOC 



Fig. 11-28. Circuit of the Beer’s locked-in oscillator as 
used in the exciter unit. This circuit permits division 
ratios of as much as five-to-one, thereby reducing the num¬ 
ber of frequency divider stages which are required. 

the output energy is obtained by a modulation process 
involving both the input and output waves, the output 
signal will appear only when an input wave is applied 
and bears a fixed frequency ratio with resiiect to it 
The circuit makes use of copper oxide modulators and 
the output circuit is tuned to one-half the input fre¬ 
quency. The tuned circuits are made sufficiently broad 
to permit substantial output voltage over a frequency 
range of ±1.5%. The disadvantage of this circuit is 
the number of tubes and circuits r^uired. 

“Another possible way to obtain frequency division 
would be to make use of multi-vibrators. The wave 
shape would be poor, but it would be possible to get 
higher division per stage. 


WCA FM EICITCR 

Fig. 11-29, Block diagram of the final arrangement of 
the exciter unit. The crystal-controlled oscillator operates 
in the 94 to 125 kc band. 

A fundamental characteristic of frequency modulation is 
that the power output (or the energy in the modulated 
signal) does not change with the degree of modulation. 
However, as the amount of modulation is increased from 
zero, there is a transfer of power from the carrier to 
the sidebands lying above and below the carrier fre¬ 
quency. This effect continues with increasing modula¬ 
tion until a point is reached where all the energy is in 
sidebands and there is no power in the carrier. With 
further increase in modulation, or frequency swing, the 
carrier again reappears. With the ±75 kc swing of 
frequency used for broadcasting, there are several cycles 
of this effect at low modulating frequencies. In early 
experiments where the frequency comparison was made 
at 5 me (Figure 11-27) this phenomenon showed only 
as a loss of torque in the motor. 

“Theoretically we should have been able to find con¬ 
ditions of modulating frequency and degrees of modula¬ 
tion where there was no torque. Actually these points 
were so critical and sharply defined that it required some 
care to find them. In actual operation with program 
modulation, the condition of no-torque would not exist 
long enough to lose control. 

“The effect of frequency division is to reduce the 
swing of frequency with modulation, along with the re¬ 
duction of carrier frequency. This is carried far enough 
(when the frequency comparison is made at 100 kc) 
that carrier loss occurs only at frequencies of modula¬ 
tion below 100 cycles and for 100 cycle modulation only 
with full frequency swing of 100% modulation. 

“This effect was not serious with program modulation, 
but in taking performance data on a transmitter with 
tone modulation it would be apparent. An additional 
division by 5, to 20 kc, eliminates this trouble except for 
modulation below 20 cycles which is low enough to be 
neglected. 
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“The final circuit of the new exciter is shown in the 
block diagram of Figure 11-29. The tubes in the top 
tow are, from left to right, the reactance tubes, modu¬ 
lated oscillator, a frequency tripler, followed by a second 
tripler, and a wwer amplifier. The power amplifier is 
used to get sufficient power to feed through a transmis¬ 
sion line to the main transmitter. The output frequency 
of the exciter will fall in the range of 40.5 to 54 me. 
With a multiplication of two in the main transmitter a 
frequency range of 81 to 108 me is provided. 

“A lead shown at the left in Figure 11-29 conducts 
synchronizing voltage from the modulated oscillator to 
the first divider at the lower left. The dividers are set 
up as shown with four stages, giving a total division of 
240. This places the output frequency of the last di¬ 
vider in the range of 18.75 to 25 kc. The output of the 
last divider is connected directly to the two balanced 
modulators. 

“The crystal oscillator shown at the lower right may 
operate at any frequency between 94 and 125 kc. This 
is accomplished without the use of any tuning adjust¬ 
ments. The crystal output synchronizes a divider at 
one-fifth the crystal frequency. This frequency is also 
fed to the balanced modulators, but in this case a phase 
shifting network is included in the lead to each modu¬ 
lator adjusted to maintain a 90® displacement in phase 
between the modulators over the range of frequencies 
involved. The only tuning required in the crystal or 
reference frequency part of the circuit is to set the slug 
in the divider so that its frequency is locked to one-fifth 
of the crystal frequency. 

“Each balanced modulator has a pair of 6L6 tubes 
biased to cut off and connected push-pull. The induction 
motor used has high impedance center-tapped windings 
on each phase so that it can work in the plate circuit of 
the balanced modulator tubes without the use of match¬ 
ing transformers. In this way the motor receives full 
voltage down to d-c beat frequency. The need for this 
is evident when one considers that the motor must re¬ 
spond to a beat frequency lower than one part in a mil¬ 
lion at 20 kc. This comes out to be .02 cycles-per-second 
or 1.2 cycles-per-minute. This rather surprising per¬ 
formance from an induction motor is largely made pos¬ 
sible by the elimination of load on the motor. The ab¬ 
sence of gearing and the use of viscous damping estab¬ 
lish a condition in which there is little or no resistance 
to small or slow rotation of the motor shaft. The motor 
responds to frequencies up to 1000 cycles whereas the 
motors used in previous exciters of this general type 
were limited to 60 cycles, thereby requiring comparison 
at about 5 kc instead of the higher frequency, 

“The operation of the circuits may be checked easily 
and rapidly by means of test equipment built into the 
exciter. A cathode-ray oscilloscope, with a selector 
switch, is provided making it possible to check the op¬ 
eration of each divider and also the tripler amplifiers 
by means of lissagous figures. A three position selector 
switch enables the operator to apply a d-c potential to 
either reactance tube grid, causing the frequency of the 
modulated oscillator to shift high or low over a range 
considerably in excess of the range encountered due to 
ambient temperature, humidity, or line voltage variation. 
The behavior of the frequency control motor and the 
relative rotation of the shaft required to correct the arti¬ 
ficial frequency shift may be observed on a dial on the 
motor shaft. This operation gives a rapid check of the 
performance of the reactance tubes and the frequency 
control mechanism. A meter is provided to read the 
plate current of the reactance tubes and the modulated 
oscillator. A buzzer, operated by a cam switch on the 
frequency control capacitor shaft, gives warning if for 
any reason the frequency control is about to fail because 
of passing through maximum or minimum capacity. 
The buzzer will sound only if there is maladjustment of 


oscillator tuning control or for the failure of all but a 
few of the frequency control circuit elements. 

“The accuracy of the frequency control is limited by 
the heat cycle of the crystal oven. On test this effect 
shows a regular variation of ±40 cycles at 100 me as 
the thermostat of the crystal oven goes on and off. The 
control action is smooth and rapid. There are no criti¬ 
cal adjustments. The range of control can be as high 
as ± 1000 cycles at 20 kc or ± 5%. At 100 me this 
amounts to + 5 me. 

“In case of failure of the frequency control during a 
program, operation can be continued with manual fre¬ 
quency control by locking the motor shaft and adjusting 
frequency with a vernier tuning control on the master 
oscillator tank coil. 

“The distortion in the frequency-modulated output of 
the exciter is of the order of 0.5% for modulating fre¬ 
quencies from 30 cycles to 15,000 cycles. The noise level 
in the output is 74 db below 100% modulation.” 

ll-12g. Grounded-Grid Amplifiers—Grounded- 
grid amplifiers are used in all of the BTF trans¬ 
mitters of powers above 250 watts. Amplifiers of 
this t' pe are extremely stable, and in this respect 
are superior to either conventional triode circuits 
or those employing screen grid tubes. This fact is 
particularly important at frequencies above 50 me 
where circuits must be kept simple and where 
feedback, either through tube or circuit, is particu¬ 
larly hard to control. They require no neutralizing, 
and the associated circuits are simpler and require 
fewer components. Moreover, more power output 
can be obtained from an amplifier using a tube of 
a given size, thereby making possible the use of 
smaller, less expensive tubes with a consequent re¬ 
duction in overall operating cost. 

In the grounded-grid amplifier, as the name indi¬ 
cates, the grid of the tube is at r-f ground potential 
(instead of the filament as in conventional ampli¬ 
fiers). Normal bias is necessary and is supplied in 
the same manner as that of the conventional 
grounded-cathode circuit. Since the grid is at 
ground potential, it performs the dual function of 
acting as the control grid, and as a screen between 
plate and cathode circuits. It follows that if a tube 
which has been properly designed to take advantage 
of the screening action is used, no neutralizing cir¬ 
cuits are required. 

Grounded-grid amplifiers require more power 
from the driver stage than do conventional ampli¬ 
fiers. This, however, does not represent a loss of 
efficiency, for all the extra driver power actually 
appears in the plate circuit of the amplifier tube 
as output power. In other words, in this type of 
amplifier, the actual output power comes partly 
from the amplifier stage and partly from the driver 
stage. This characteristic is used to advantage in 
the BTF transmitters, since it makes possible the 
efficient use of amplifiers of three-to-one power 
step-up ratio. Moreover, it allows the same type 
of tube to be used in the 1-kw and 3-kw stages. 

11-13. The Grounded-grid Amplifier —A sche¬ 
matic circuit of the grounded-grid amplifier is 
shown in Figure 11-30. Fundamentally, the 
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FILAMENT EXCITED 



Fic. 11—30. Grounded-grid ampliOrr. 


j?rounded-grid amplifier can be represented as two 
generators in series as shown in Figure 11-31. In 
this case, Eg is the input voltage and Eg is the plate 
to cathode voltage. The driver Eg is required to 
furnish power to the load, to the grid losses of the 
tube, and to the bias resistor. The last two can be 
considered as Rg of Figure 11-31. The generator 
Ep supplies no power to Rg: hence neutralization 
is not usually required. 



Fig. 11-31. The grounded-frriil amplifier can be repre¬ 
sented as two Kenerators in series as shown above. 

Inasmuch as the driver supplies the grid losses 
as well as the load with power, from the <lrivcr 
vicwjioint, the load presented becomes two resist¬ 
ances in parallel, 

R, and ^ = Ro 

V 

as shown in Figure 11-32. 

Rg, representing the grid losses, is substantially 
a constant resistance, if Eg is constant, but the 
value of R^^ varies inversely as the plate load cur¬ 
rent, becoming infinite if no load current flows 
(plate circuit open) and being the lower of the two 
resistances at normal load. The total resistance 
presented to the driver varies inversely as the plate 
load current, and since the driver is required to 
develop substantially the same value of Eg into 
lower resistance, more power mu.st be supplied by 
the driver. Consequently, it can be seen that the 
circuit is highly degenerative, requiring the driver 
to supply increased power in proportion to any 
increase in plate load current. This increase in 
driver power is reflected in the plate circuit as in¬ 
creased power output. 


ll-13a. Neutralization at High Frequencies— 

It may be necessary to neutralize the grounded-grid 
amplifier at high frequencies for the following 
reasons: 

1. The presence of inductance between the active 
grid element and the common returns of the input 
and output circuit (due to tube lead inductance). 

2. Feedback through the plate-to-cathode capaci¬ 
tance (if of any appreciable magnitude). 

With regard to (1), the inductance from the ac¬ 
tive portion of the grid-to-ground (tube lead) will 
usually be small enough to be ignored, since it will 
have a tendency to neutralize the plate-to-cathode 
capacitance. With respect to (2), the cathode-to- 
plate capacitance of tubes designed for grounded- 
grid operation will usually be low enough so neu- 



Fig. 11-32. The load presented to the driver of a 
grounded-grid amplifier can be represented as two resist- 
anees in parallel as shown above. 

tralization will be unnecessary. From the stand¬ 
point of stability, a certain amount of capacitive 
feedback may be tolerated since the inherent de¬ 
generation characteristics of the circuit causes the 
input impedance to be lower than in the conven¬ 
tional amplifier; consc(|Ucntly, considerable more 
power transfer from output to input would be re¬ 
quired to sustain oscillation. 

As the frequency is increased, a point will be 
reached where either of the above effects may be 
sufficient to cause the feedback energy to become 
sufficient to overcome the degeneration. Neutrali¬ 
zation will then be necessary. 

ll-13b. Neutralization Procedure —Under cer¬ 
tain conditions of operation, neutralization of the 
grounded-grid amplifier can be accom])lished suc¬ 
cessfully only by removing the filament power from 
the amplifier tube, since during operation the cath¬ 
ode is driven negative (rather than the grid posi¬ 
tive) and the plate and grid will have a positive 
potential relation to the cathode over part of the r-f 
excitation cycle. Therefore, if a path is provided 
for d-c plate current flow (plate supply grounded 
or left with rectifier filament excited) the plate 
ammeter will indicate plate current even though 
neutralization is complete. Moreover, at the same 
time the a-c components flow through the plate 
circuit and cathode circuits, developing a-c voltage 
in both of these circuits. The a-c component of 
power will be delivered to the load while the d-c 
component is supplied to the rectifier. Conse¬ 
quently, under these conditions of operation, the 
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output power cannot be reduced to zero by the usual 
method of neutralization and it becomes necessary 
to remove the filament heatinj^ power to accomplish 
neutralization. Minimum feedback by this method 
of neutralization (cold filament) may not be exact 
when the filaments are reheated due to chanf^es in 
tube capacity and it may be necessary to check the 
neutralization again by observing the behavior of 
the tube under operating conditions. 

I'he usual observation can be made to check neu¬ 
tralization, that is, observing if maximum grid 
current coincides with tniniinuin plate current. 

ll“13c. Plate Circuit Adjustments— Since a-c 
plate current appears in the amplifier plate circuit 
when r-f drive is applied to the grid circuit, means 
are provided to tune the plate circuit to resonance, 
and to a certain extent to adjust the loading before 
applying plate voltage to the amplifier. 

It has been previously explained that the grounded- 
grid amplifier is highly degenerative; conseciuently, 
the driver power demands will vary over a wide 
range according to the amplifier plate input, hence 
the drive must be readjusted for each value of d-c 
grid current. 

ll-13d. Efficiency —Since the driver supplies 
power to the output of a grounded-grid amplifier, 
the usual equation for amplifier efficiency. 

Efficiency = X 100 percent 

-» in 

(where P'oiit power output as a grounded- 

grid amplifier and is the power input), must 
be corrected to take care of the power contributed 
to the output by the driver. 


Hence the true efficiency may be represented by: 
Efficiency (grounded-grid) 

P' p 

* out out I I 

-5-X 100% 

P 111 

with the power contributed by the driver being 
represented by the factor 



This quantity is a function of the tube parameters 
and operating conditions, varying directly as the 
amplifier plate current. 

ll~13e. Amplitude Modulation —While it does 
not apply to transmitters described in this chapter, 
it should be pointed out that when the grounded- 
grid amplifier i> plate modulated, it is necessary to 
modulate the driver simultaneously in order to limit 
distortion. Distortion arises in a grounded-grid 
amplifier from three sources: (1) nonlinearity of 
the power amplifier, (2) nonlinearity of the driver, 
which is introduced directly into the output, and 
(3) reaction of the nonlinear elements on the 
modulator. 

Distortion arising from (1) can be reduced to 
a minimum by providing 6()-pcrcent modulation to 
the driver whereas it is necessary to use 100-perccnt 
modulation of the driver to reduce the second source 
of distortion to a minimum. This same ratio holds 
for the third source of distortion. Because of these 
conflicting driver modulation reciuirements, experi¬ 
ence shows that 80-i)ercent modulation is a good 
compromise to insure a minimum over-all distortion 
value when the three distortion factors mentioned 
above are considered as being added to the over-all 
distortion product. 
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12-1. Introduction —The treatment accorded to 
television in this chapter is intended primarily to 
provide a clear explanation for the student and for 
the operator of television equipment. Inasmuch as 
television is a relatively new art, a brief description 
of the general principles of television operation is 
presented first. As is common with such new art, 
television has led to the development of many novel 
types of circuits not heretofore used in radio prac¬ 
tice and a new vocabulary has arisen with these 
developments. Following the general discussion 
will be found a group of definitions of some of 
these television terms, after which there will follow 
certain details elaborating upon the various circuits 
and functions of television equipment common to 
the broadcasting station, with a brief section on re¬ 
ceiver characteristics and general propagation. 

Electronic television is accomplished by convert¬ 
ing pictures into corresponding electric impulses, 
transmitting these impulses and utilizing the signals 
to vary the intensity of an electron stream in the 
receiving equipment, at the same time employing 
synchronized scanning at the transmitted scene and 
at the receiving tube, so that a picture is reproduced 
for transient visual observation. Figure 12-1 
shows a functional diagram of the essential elements 
in operation between the initial camera where the 
picture is converted into electric impulses and the 
final receiver where these electric impulses arc re¬ 
converted into a picture on a screen, 

1 This chapter was prepared by Dr. Thomas T. Gold¬ 
smith, Jr., Director of Research, Allen B. Du Mont Labo¬ 
ratories, Inc. 


The cathode-ray tube is the heart of the electronic 
television system. Figure 12-2 indicates the stages 
in the processes of television transmission and re¬ 
ception, where the cathode-ray tube is essential. A 
stream of electrons formed by an electron gun 
within the cathode-ray tube is readily influenced by 
either electric fields or magnetic fields. By suitable 
focusing, this stream of electrons can be brought 
down to a fine spot which covers substantially one 
single picture element of the picture to be trans¬ 
mitted or received. Television is best accomplished 
by breaking a scene down into individual picture 
elements and employing a systematic scanning proc¬ 
ess, so that the picture elements are converted into 
electric signals, each characteristic of the brightness 
of successive picture elements and succeeding one 
another in rapid sequence. A picture having thus 
been analyzed may he sent out on a single radio¬ 
frequency carrier as a succession of intelligible elec¬ 
tric amplitudes. In the receiver it is necessary to 
synthesize or reassemble these signals into a replica 
of the original picture. This is done by means of 
a cathode-ray tube using a fluorescent screen upon 
which the pictures are viewed. 

In practice, a television system operates in the 
following manner. The scene to be transmitted may 
originate either from motion picture film, from a 
special stage in a studio, or from some direct out¬ 
door event. Figure 12-3 shows studio televising as 
viewed from the control room. The scene is fo¬ 
cused by a suitable lens system onto the mosaic of 
the television camera tube. I'his mosaic has many 
thousand individual islands which are photo- 
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Fig. 12-1. Functional diagram of a television system. 
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WHAT IS TELEVISION? 

Ahc ElMfren k back and thk Ham ha has hb own ovarihnpUHad onplanaHon at Hib qvasHoa 



ikr$ Imtftm-LHik dksBsttm 

I m the works in Television—and how' 



Fauiette Gsddard* is hculg^ televised by a camera which 
has, instead of film, a vacuum tube with a fiat surface of 
tiny particles of an unusual substance Here we electrons 
are comparatively free Vhen h^t hits us» some of us 
absorb enough energy so that we re able to /ump off 


When the light of Paulette's image falls on this surface, 
we lump with |oy, and |ufflp right off' It's really the light 
that makes us leave, and t^ stronger the light, on each 
point of the unage. the more of us |ump from that point 
Thus we recreate her image in lights 



Now, this tube has a arpud of Military Police elections 
who check up on us They act u a Cathode Ray beam, and 
with It thirty tunes each second they scan the whole flat 
surface left to right, top to bottom, r^ing the whole pic 
hire exactly as you d r^ the page of a booL 


They send out messages which tell |ust when each new 
' scanning starts (saentist^ call it the synchronizing sig 
nal) And u they scan the picture they also send to the 
M P s in your receivmg set information u to the number 
of us jumping from each pomt 


These messages, both starting signals and the number of 
electroiu leaving each point are sent to the television 
transmitter and pumped into the air as radio waves They 
are instantly intercepted by your antenna and sent into 
your receiving set, where the pictures are reproduced. 










The radio wave orders are picked up by Gnd ScrgeMts 
in the Cathode Ray Tube in your receiver This Cathode 
Ray Tube Is the heart of the television set, and was com- 
meiaaliy developed by the Allen B DuMont Labora 
torki When these Sergeants get tbeu signals, we elec 
trons get ordered around As die Sergeants respond to the 
radio d«ai they auncuvcr us to scan the fluorescent 


screen in perfect coordination with the electron beam in 
the camera tube As directed, they send exactly the same 
number of us to each point of the screen in your set, u 
was on each pomt of ^ saecn m the televisioo camera. 
When we hit the screen we produce a point of light m 
proportion to our nuote, shading Ibieii^ light and 
dark areas, the contours of a picture. 



V 



Hut s how we reproduce the same picture m your 
televisKM set almost at the same Irutant it is 
"scanned' in the studio Back in the statioo those 
Military Pohee are sending out thirty oompkle 
pictures every second Of course, nobody's eyes 
work that fast, so the effect you get u of one coo* 
tinuous movmg pictureo^ tdevtsion* 


Fig. 12-2. Pictorial explanation of operation of television station. 
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Fig. 12-3. Television studio and control room. 



sensitive. Thus the scene focused on these islands 
will charjjfe up the individual elements of a mosaic 
to an extent depending upon the brightness of the 
individual small picture areas or elements in the 
scene. A systematic method of electron beam scan¬ 
ning of this mosaic is employed in the camera tube. 
The beam is made to produce a series of parallel 
lines going from left to right across the scene at a 
relatively high speed governed by the horizontal line 
scanning electric circuits. At the same time a low- 
freciuency or vertical-field scanning circuit causes 
the beam to move slowly from top to bottom of this 
scene, thus spreading out the horizontal scanning 
into a closely woven pattern substantially covering 
the entire scene. 

As the electron stream in the camera tube strikes 
a given picture element on the mosaic, it releases an 
electric charge corresponding in strength to the 
brightness of that portion of the scene. As the 
electron beam moves on to a new picture element, 
the released electric energy assumes a new value 
corresponding to the new picture element brightness. 
This electric energy is collected by a terminal in 
the camera tube and is led off to a suitable wide¬ 
band video-frec|uency amplifier. 

A synchronizing generator is part of the standard 
television equipment. It consists of oscillators suit¬ 
ably interlocked so as to produce line-frequency im¬ 
pulses and field-frequency impulses stably related to 


one another These impulses are used to control the 
line and field-scanning action on the camera tube. 
Certain blanking signals are also generated from 
these same impulses for use in suppressing un¬ 
wanted signals otherwise generated on the flyback 
time of the scanning action in the camera tube. 
These same line- and field-frequency impulses, after 
suitable shaping, are combined with the video sig¬ 
nals to form a composite television signal suitable 
for transmission either by cable or by radio to 
remote points. 

At the receiver, this composite television signal 
contains the three basic types of information neces¬ 
sary for synthesis of the television picture. The 
horizontal line-frequency synchronizing pulses are 
used to control the line deflection circuits of the 
receiver. The vertical synchronizing pulses are 
used to control the field scanning circuits of the 
receiver. The video signals in the composite tele¬ 
vision waveform are applied to the intensity modu¬ 
lating electrode of the cathode-ray tube to vary the 
number of electrons falling on the fluorescent screen 
so as to produce a replica of the original scene. 

One important difference between the electronic 
requirements of television and of sound broadcasting 
is that television employs much higher frequencies 
for its satisfactory transmission than the frequen¬ 
cies usually involved in sound broadcasting. To 
produce a television picture of high definition, it is 
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necessary to transmit faithfully a very large number 
of picture elements per picture. In order to prevent 
serious flicker of the received pictures and to pro¬ 
vide a satisfactory illusion of motion, it is necessary 
that the picture repetition rate be at least of the 
order of 30 per second. In each television picture 
there are transmitted between 200,000 and 500,000 
picture elements to give adequate resolution. For 
example, 300,000 picture elements per picture and 
30 pictures per second will require transmission of 
9,000,000 picture elements per second, not yet cor¬ 
recting for blanking time. With the crude assump¬ 
tion that the resolution might be made up of a 
checkerboard pattern of successive black then white 
adjacent areas, a black element and a white element 
can be said to provide one sine wave cycle of the 
highest video frecjuency. Thus our 9,000,000 pic¬ 
ture elements may be divided by 2, yielding 4,500,000 
cycles per second as the highest video frequency. 
Even thus, crisp edges are not possible on this 
checkerboard unless still higher frequencies are 
used. Of course, much of the detail in the scene 
will not have this fine resolution and, consequently, 
the video or picture signal may vary slowly for 
certain portions of the picture and rapidly for other 
portions of the picture, resulting in video signals 
covering a wide frequency range beginning at low 
frequencies for transmission of the regions of uni¬ 
form shading and going to high frequencies of the 
order of several megacycles to reproduce the finest 
detail. This requirement is, of course, vastly differ¬ 
ent from the conventional sound broadcasting equip¬ 
ment wdth its range requirements of, say, 15 cycles 
per second to 15,000 cycles per second for audio 
frequencies. 

Consequently, in a television system much more 
care has to be given to wide-band amplifier design 
in the pick-up equijmient and in the station ampli¬ 
fying equipment. Since the modulating frequencies 
cover an extremely wide band, it is necessary to 
employ a still higher carrier frequency, at least 
several times the highest video frequency. The 
transmitter must be capable of modulation by these 
wide frequency band signals, so that all of the 
modulating frequencies arc faithfully transmitted. 
With this wide-band modulation it is generally not 
possible to obtain as great an efficiency in the 
transmitter as may be realized in the broadcasting 
of sound. However, once the general principles of 
television are understood, the operation and mainte¬ 
nance of television equipment becomes straight¬ 
forward, even though somewhat more complex. 

Sound signals accompany the television pictures. 
It is the practice to employ two transmitters in a 
television station, one for the picture and one for 
the sound. These two transmitters are systemati¬ 
cally spaced as to carrier frequency, so that a single 
receiver may utilize both the picture and the sound. 
At the receiver a twin superheterodyne circuit is 


often employed, whereby the one local oscillator 
beats with ^e two incoming carrier frequencies, 
which are thus reduced to intermediate frequencies, 
each diverted to independent i-f channels, one for 
the picture and one for the sound. 

As a frequency spectrum conservation measure, 
it is the practice to utilize single sideband transmis¬ 
sion and reception for the picture channel. By this 
scheme, nearly all of the upper frequency picture 
sideband and only a portion of the lower frequency 
sideband associated with the picture carrier are 
radiated. The receiver has circuits which comple¬ 
ment this special type of radiation, and the detected 
picture signals are thus a faithful reproduction of 
the modulating v\aveform fed to the transmitter. 

The sound equipment in the television studio and 
control rooms, as well as the sound broadcasting 
transmitter, is conventional. 

In brief, a television system operates by analyzing 
the original scene in a photoelectric camera tube, 
amplif 3 ing the resulting video signals, transmitting 
these signals along with synchronizing control sig¬ 
nals, and utilizing these composite signals a.t the 
receiver to convert the electric signals back into a 
picture upon a cathode-ray tube. 

Fig. 12-4. Tabular Summary for Requirements for 
Class A Television Station 

Two studio cameras, with push dollies. 

Studio control desk. 

Two special film projectors. 

Two film pick-tip cameras. 

Master control board. 

Studio lighting and audio equipment. 

Field picture pick-up equipment, including two cameras. 
Field audio pick-up equipment. 

Field relay transmitter. 

Relay receiver. 

Truck with generators and antenna. 

25-kw peak video and 12.5-kw peak audio transmitter with 
control console. 

Suitable antenna for above transmitter. 

Soundproofing, electrical wiring and structural alterations 
for studio, transmitter and control rooms. 

Fireproofing of film projection room. 

Spares and test equipment. 

The tabular summary of requirements for a tele¬ 
vision station. Figure 12-4, gives an over-all picture 
of necessary components required for a Class A 
television station. This tabular summary should be 
considered as representing the typical requirements 
for a station, rather than the total necessary 
requirements. 

Now that the general principles of a television 
system have been briefly described, the several divi¬ 
sions of a television station will be taken up one 
by one in more detail. In view of the newness of 
the art, it has been felt worthwhile to provide here 
a list of terms with definitions, so that the reader 
may become more familiar with some of the lan¬ 
guage which has grown up with the television 
techniques. 
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12~2. Television definitions 

Accelerating Electrode —Otherwise known as Anode 
No. 2. This electrode serves to increase the 
kinetic energy of the electron stream by increas¬ 
ing its velocity so that upon impact on the screen 
a visible radiation will be emitted. 

Aspect Ratio —The ratio of picture width to picture 
height. Usually 4: 3. 

Astigmatism —Focus condition in which the spot is 
not round, thus causing different trace widths de¬ 
pending upon the direction of the trace. 

Bandwidth —The number of cycles per second re¬ 
quired to convey the information being trans¬ 
mitted either visual or aural. 

Blacker-than-black —A portion of the television sig¬ 
nal devoted to synchronizing. These synchro¬ 
nizing signals are transmitted at a higher power 
than the blackest part of the picture. This occurs 
when the spot returns from the far right to begin 
the next line and from the bottom to the top of the 
picture. 

Black Lci'cl —The amplitude of the modulating sig¬ 
nal when camera is receiving no light. 

Blanking —The process of cutting off the cathode 
ray during the time it is not forming a part of 
the picture. This occurs when the spot returns 
from the far right to begin the next line and from 
the bottom to the top of the picture to begin the 
next field. 

Blanking Pulse —Pulse produced to “blank out’’ sig¬ 
nal caused by the return sweep of the cathode-ray 
beam in both the camera tube and the cathode- 
ray tube. 

Brightness Control —A control on the receiver for 
regulating electron current and thus the over-all 
brightness of the picture. 

Camera Tube —The electron tube used to translate 
a scene into electrical impulses. 

Cathode-ray Tube —An electron tube in which 
streams of electrons from a cathode are formed 
into a pencil-like beam and directed by means of 
electric or magnetic fields over a target, usually 
a fluorescent screen which glows wherever the 
beam strikes. 

Center Frequency —(as applied to frequency modu¬ 
lation) means the frequency of the carrier wave 
with no modulation. (With modulation the in¬ 
stantaneous operating frequency swings above and 
below the center frequency. The operating fre¬ 
quency with no modulation shall be the center 
frequency within the frequency tolerances.) 

Coaxial Cable —A particular type of cable capable 
of passing a wide range of frequencies without 
the usual prohibitive losses. Such a cable in its 
simplest form consists of a hollow metallic con¬ 
ductor with a single wire accurately confined 
along the center of the hollow conductor. 

Contrast —This refers to the ratio of the white to 
black portions of a picture. Pictures having high 


contrast have very deep blacks and brilliant 
whites, while a picture with low contrast has an 
overall gray appearance. 

Contrast Control^K control on the receiver which 
regulates the video signal strength. This has the 
effect of changing the ratio of the black and white 
portions of the picture. It corresponds to the 
volume control in an aural receiver. 

Control Electrode —^A metal structure adjacent to 
the cathode which controls the potential relation¬ 
ship between this electrode, sometimes called the 
grid, and the cathode. This electrode controls the 
light intensity of the image on the screen of the 
tube by controlling the magnitude of the beam 
current. 

D-c Restorer —This circuit regulates the average 
brightness of the television picture tube to corre¬ 
spond with the average brightness of the scene 
being transmitted. 

D-c Transmission —“D-c transmission” means the 
transmission of a television signal with the direct 
current component represented in the picture 
signal. 

Deflection —The lateral movement of the cathode 
ray beam by electric or magnetic fields. 

Deflection Plates —Usually consist of two pairs of 
parallel plates, the pairs being perpendicular to 
each other. The electrostatic field existing be¬ 
tween each plate pair causes angular displacement 
of the electron beam. 

Delay Screen —A fluorescent screen used in cathode 
ray tubes, which has the property of phosphores¬ 
cence. When this material is used, the light in¬ 
tensity of any particular spot dies out gradually 
after the ray moves to a new position. 

Dissector Tube —^A dissector tube is a pick-up tube 
having a continuous photo-cathode on which is 
formed an electron current density image, the 
electron optical image of which is moved over a 
scanning aperture. 

Electromagnetic Focusing —^A system in which mag¬ 
netic fields parallel to the streaming motion of 
the electrons are used to confine the electrons to 
a narrow beam. 

Electron Gun —^That part of a cathode-ray tube in 
which the electrons are emitted and formed into 
a beam. 

Electron Lens^A systematic arrangement of elec¬ 
tromagnetic or electrostatic fields, having sym¬ 
metry about the axis of a cathode-ray tube, as to 
their radial components, established for the pur¬ 
pose of controlling the divergence and conver¬ 
gence of the electron ray. 

Electron Multiplier —^An evacuated amplifier tube in 
which one or more anodes have photoelectric sur¬ 
faces which are exceedingly active as to secondary 
emission. The original electron emission is cas¬ 
caded by the secondary effects. 
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Electrostatic Focusing —A system in which electric 
fields are employed to confine the electrons into 
a thin stream. 

Field —This term refers to one set of scanning lines 
making up a part of the final picture. In present 
standards, pictures are transmitted in two fields of 
262% lines each, which are interlaced to form 30 
complete frames per second. 

Field Frequency —This term refers to the repetition 
rate of the field, which in present systems is 60 
per second and is twice the frame frequency. 

Fluorescent Screen —A chemical coating on the in¬ 
side of a cathode-ray tube which emits light at 
the point where a cathode-ray beam strikes. 

Flyback —In scanning, the spot is moved across the 
screen at a definite rate in one direction for each 
scanning line. Thereupon, it is necessary to 
restore it to the start of the next line in a very 
short interval of time, say three or four millionths 
of a second. This return time is termed “flyback.** 

Focus —In a cathode-ray tube this refers to the size 
of spot of light on the screen. The tube is said 
to be focused when the spot is smallest. This 
term also refers to the optical focusing of the 
camera lenses. 

Focusing Electrode —A metal cylinder, otherwise 
known as Anode No. 1. The electrostatic field 
produced by this electrode in combination with 
the control electrode, and the accelerating elec¬ 
trode (see text, p. 447) acts similarly to an optical 
lens in focusing the electron stream to a small 
spot on the screen. 

Frame —One of a series of complete pictures that 
are successively viewed so as to simulate moving 
scenes. 

Frame Frequency —Frame frequency is the number 
of times per second the picture area is completely 
scanned. 

Ghost —A secondary picture formed on a television 
receiver because the signal from the transmitter 
reaches the antenna by more than one path. 
Ghosts are most commonly caused by the radio 
signal being reflected from objects within ap¬ 
proximately one mile of the receiver antenna. 

Halation —The ring of illumination which surrounds 
the point at which the electron beam strikes the 
fluorescent screen. 

Iconoscope —An iconoscope is a pick-up tube in 
which a high velocity electron beam scans a photo¬ 
active mosaic which has electrical storage 
capability. 

Image Dissector —A television camera tube devel¬ 
oped by P. T. Farnsworth in which the photo¬ 
electrons are moved over a pick-up aperture by 
deflection circuits. 

Intensifier Electrode —Otherwise known as Anode 
No. 3. Imparts additional kinetic energy to the 
electron stream after deflection. This post¬ 
acceleration results in an increase in light inten¬ 


sity without a large decrease in deflection sensi¬ 
tivity (see text). 

Interlaced Scanning —A system whereby the odd 
numbered lines and the even numbered lines of a 
picture are sent as two consecutive separate fields 
and superimposed to create one frame or com¬ 
plete picture. 

Ion Spot —A discoloration on the center of the 
screen of a cathode-ray tube caused by heavy 
negative ions striking it. 

Keystone Effect —A distorted field or background 
noticed in some cases with television pictures, 
where the opposite edges are not parallel. 

Kinescope —A name sometimes applied to a cathode- 
ray tube used as a picture tube. 

Line —^The path traced by the moving electron spot. 
The intensity of the spot along this path is altered 
to create that portion of the picture. In some 
present systems 525 lines make up the complete 
pic ture. 

Line Frequency —The number of lines scanned each 
second. In any system it is equal to the number 
of scanning lines per frame, multiplied by the 
framing frequency. 

Lumen —A lumen is a unit of light flux. A foot- 
candle is equal to illumination that falls on a 
screen that is placed one foot away from a stand¬ 
ard candlepower. One foot-candle is equal to one 
lumen per square foot of surface. 

Modulation Grid —An electrode interposed between 
the cathode and focusing electrodes in a cathode- 
ray tube to control the amount of emission and 
thereby the brilliance of the spot. This control¬ 
ling effect is produced by altering the voltage of 
this grid with respect to the cathode. 

Monochrome Transmission —means the transmission 
of television signals which can be reproduced in 
gradations of a single color only. 

Monoscope —A monoscope is a pick-up tube in which 
an electron beam scans a target, parts of which 
have different secondary emission characteristics. 

Mosaic —The screen used in an Iconoscope so called 
due to its similarity to that form of art wherein 
a great many bits of colored tile are combined so 
as to form a picture. 

Multipath Transmission —The condition in which 
the radio signal from the transmitter travels by 
more than one route to a receiver antenna usually 
because of reflections from obstacles. This con¬ 
dition usually results in ghost pictures, 

Negatwe Ghosts —are ghost pictures which appear 
on the screen with an intensity inversion. 

Negative Transmission —^means that a decrease in 
initial light intensity causes an increase in the 
transmitted power. 

Orthicon—An orthicon is a pick-up tube in which a 
low velocity electron beam scans a photoactive 
mosaic which has electrical storage capability. 

Oscilloscope Tube —An oscilloscope tube is a 
cathode-ray tube on which the visible pattern is 
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the graphical representation of electrical impulses 
applied to the deflecting system. 

Pedestal —A portion of the television video signal 
used to blank out the cathode-ray beam as it flies 
back from the right edge of the picture to the left. 

Phosphor —A phosphor is a substance capable of 
luminescence. 

Photoelectric Emission —The phenomenon of elec¬ 
trons being emitted from certain materials when 
they are exposed to light. 

Pick-up Tube —A pick-up tube is an electron beam 
tube in which an image of electrical current or 
charge density is formed and scanned in a pre¬ 
determined sequence to provide an electrical 
signal. 

Picture Element —A small section of a given scene 
as reproduced by the cathode ray spot at any 
instant. 

Picture Noise —Interference signals causing spots 
of light and other irregular patterns on the re¬ 
ceived picture. .Sometimes called “grass.” 

Positive Transmission —A television system in 
which maximum radiated power from the trans¬ 
mitter corresponds to maximum white area in the 
picture. Not used in the United States. 

Progressive scanning —means a scanning process in 
which scanning lines trace one dimension substan¬ 
tially parallel to a side of a frame and in which 
successively traced lines are adjacent. 

Raster —The raster is a predetermined pattern of 
lines or traces which provides substantially uni¬ 
form coverage of a target area. 

Return Trace —The lines on the cathode-ray .screen 
formed as the cathode-ray beam moves back to 
its .starting position for line or field. 

Saw-tooth —A voltage or current whose variation 
with time follows a .saw-tooth outline. 

Scanning —means the process of analyzing succc.s- 
sivcly, according to a predeterminetl method, the 
light values of picture elements constituting the 
total picture area. 

Scanning Line —means a single continuous narrow 
strip containing highlights, shadows, and half¬ 
tones which is determined by the process of 
scanning. 

Shading —The process of correcting by compensat¬ 
ing variable potentials the light distribution in 
the image produced by the television camera. 

Spot —The light produced by the impact of the 
slender beam of electrons on the fluorescent 
screen. 

Sweep —The uniform motion of the electron beam 
across the face of the cathode-ray tube. 

Synchronisation —The jirocess of keeping the mov¬ 
ing beam of electrons at the picture tube in the 
exact relative position with the scanning process 
at the transmitter. 

Television —Television is the electrical transmission 
and reception of transient visual images. 


Teleinsion Camera Tube —A cathode-ray tube used 
to convert the light and shade portions of a scene 
into electrical signals. 

Television Picture Tube —A cathode-ray tube in 
which a picture being transmitted is recreated by 
a moving beam of electrons. 

Test Pattern —A drawing containing a group of 
lines and circles, etc., transmitted for receiver 
and transmitter test purpo.scs. 

Vestigial Side Band Transmission —A method of 
suppressing part of one side band to limit band¬ 
width requirements. 

Video —The portion of the television signal which 
contains the picture information. 

Video Frequency —The frequency of the signal volt¬ 
age containing the picture information which 
arises from the television scanning process. 

Vie^v Finder —^A term applied to an attachment to 
a television camera to enable the cameraman to 
observe the area within view of the camera. 
View finders may be optical in nature or may 
consist of a cathode-ray tube monitor. 

Vieiving Screen —A viewing screen of a cathode- 
ray tube is the medium which converts the energy 
of the beam electrons into visible radiation. 

Yoke —A set of coils used around the neck of a 
cathode-ray tube to produce horizontal and verti¬ 
cal deflection of the electron beam. 

12~3. Television Transmission Standards (made 
efifective December 19, 1945 by F.C'.C. for commer¬ 
cial black-and-white television broadcasting)— 

1. The width of the television broadcast channel 
shall be 6 me per second. 

2. The visual carrier shall be located 4.5 me lower 
in frequency than the aural center frecjucncy. 

3. The aural center frequency shall be located 
0.25 me lower than the upper frequency limit of the 
channel. 

4. The visual transmission amplitude characteris¬ 
tic .shall be as shown in Figure 12-5. 

5. The number of scanning lines per frame period 
shall be 525, interlaced two to one. 

6. The frame frequency shall be 30 per second 
and the field frequency shall be 60 per second. 

7. The aspect ratio of the transmitted television 
picture shall be 4 units horizontally to 3 units 
vertically. 

8. During active scanning intervals, the scene 
.shall be scanned from left to right horizontally and 
from top to bottom vertically, at uniform velocities. 

9. A carrier shall be modulated within a single 
television channel for both picture and synchroniz¬ 
ing signals, the two signals comprising different 
modulation ranges in amplitude. (See Figures 
12-5 and 12-6.) 

10. A decrease in initial light intensity shall 
cause an increase in radiated power (negative 
transmi.ssion). 
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P'Kj. 12-5 Idealized picture transniission 
amplitude characteristic. 


11. The black level shall be represented by a 
definite carrier level, independent of light and shade 
in the picture. 

12. The pedestal level (normal black level) shall 
be transmitted at 75 percent (with a tolerance of 
plus or minus 2.5 percent) of the peak carrier 
amplitude. 

13. The maximum white level shall be 15 percent 
or less of the peak carrier amplitude. 

14. The signals radiated shall have horizontal 
polarization. 

15. A radiated power of the aural transmitter not 
less than 50 percent or more than 150 percent of 
the peak radintccl power of the video transmitter 
shall be employed. 

16. “ Variation of output. The peak-to-peak vari¬ 
ation of transmitter output within one frame of 
video signal due to .all causes, including hum, noise, 

2 These items are subject to change but are considered 
the besi practice under the present state of the art. They 
will not be enforced pending a further determination 
thereoi. 
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Note 

1— H time from start of one line to start of next line. 

2— V — time from start of one field to start of next field. 

3— Leading and trailing edges of vertical blanking should be complete in less than O.IH. 

4— Leading and trailing slopes of horizontal blanking must be steep enough to preserve min. and 
max. values of (x + y) and (L) under all conditions of picture content. 

♦S—Dimensions marked with an asterisk indicate that tolerances given are permitted only for long 
time variations, and not for successive cycles. 

6— Equalizing pulse area shall be between 0.45 and 0.5 of the area of a horizontal sync, pulse. * 

7— Refer to text for further explanations and tolerances. 

Fig. 12—6. Television synchronizing wa\eform. 
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Frequencies for Commercial Television Channels 
(as of Jan. 1, 1950) 


Channel 

Number 

Megacycles 

Channel 

Number 

Megacycles 

2 

54-60 

7 

174-180 

3 

60-66 

8 

180-186 

4 

66-72 

9 

186-192 

5 

76-82 

10 

192-198 

6 

82-88 

11 

198-204 



12 

204-210 



13 

210-216 

1 


and low-frequency response, measured at both syn¬ 
chronizing peak and pedestal level, shall not exceed 
5 percent of the average synchronizing peak signal 
amplitude. 

17r Black IcfcL The black level should be made 
as nearly equal to the pedestal level as the state 
of the art will permit. If they are made essentially 
equal, satisfactory operation will result and im¬ 
proved techniques will later lead to the establish¬ 
ment of the tolerance if necessary. 

18.- Brightness characteristics. The transmitter 
output shall vary in substantially inverse logarithmic 
relation to the brightness of the subject. No toler¬ 
ances are set at this time. 

12-4. Cathode-ray Tubes— The cathode-ray 
tube is a device employing a focused beam of elec¬ 
trons which may be deflected over a surface. The 
target may be either fluorescent in nature to pro¬ 
duce light or else photo.sensitive in nature for the 
purpose of converting light into electric signals. 
The tubes employ electrostatic or magnetic deflec¬ 
tion of the focused beam of electrons. The electro¬ 
static deflection type of cathode-ray tube is more 
suited to uses where a wide frequency range of de¬ 
flecting signals is to be encountered. However, on 
the television pick-up camera tubes and in the tele¬ 
vision picture receiving cathode-ray tubes, the de¬ 
flection signals are predetermined and can have a 
limited frequency range. For example, a vertical 


deflection sawtooth waveform at 60 cycles per 
second for field frequency and a horizontal deflec¬ 
tion sawtooth waveform of 15,750 cycles per second 
for line freiiuency may be employed. For these 
specific waveforms it is possible to design economi¬ 
cal magnetic deflecting coils for both camera tube 
and viewing tube. In magnetic deflection tubes it is 
necessary to provide the required number of 
ampere-turns of the proper frequency response for 
the deflecting coils. In electrostatic deflection tubes 
the required voltage with satisfactory frequency re¬ 
sponse must be provided. 

Figure 12-7 shows a typical electrostatic-deflection 
cathode-ray tube. A magnetic-deflection cathode- 
ray tube is similar in principle to that in Figure 
12-7, except that the deflection plates are omitted 
inside the tube. Instead two pairs of coils com¬ 
prise a deflecting yoke which may be placed around 
the neck of the tube at approximately the same 
position illustrated for the deflection plates. Gen¬ 
erally, the cathode-ray tube neck will have, in this 
case, a smaller diameter, so that the coil may have 
a small internal diameter, thus yielding a high de¬ 
flection sensitivity. 

In some types of magnetic-deflection tubes the 
electron gun within the cathode-ray tube is further 
simplified. Instead of the focusing electrode (11) 
of the tube of Figure 12-7, a simple cathode, control 
grid and possibly low-voltage screen grid comprise 
the entire electron gun within the tube. The wall 
coating of the bulb then serves as the high-voltage 
anode for the electron beam. Now a solenoid of 
many aniperc-turns is placed around the neck, the 
axis of the solenoid being concentric with the axis 
of the tube. This focusing coil provides a magnetic 
field capable of bringing the electron stream to a 
.sharp focus on the fluorescent screen. In some 
applications this process has advantages over the 
use of electrostatic-focus, electrostatic-deflection 
tubes. For example, the extreme simplicity of the 
cathode-ray tube is economical for replacement 
considerations. However, the cost of the focusing 
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Fig, 12-7. A typical high vacuum, hot-cathode, low-voltage, electron-lens-focus cathode-ray tube. 
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and deflecting assemblies is greater in the initial 
equipment than would be the cost of the simple 
additional parts within the cathode-ray tube. For 
some purposes the magnetic-focus, magnetic- 
deflection type cathode-ray tube yields finer focus 
with high brightness. Where relatively fixed de¬ 
flection signals are employed, this magnetic tube is 
often used. 

The electrostatic-deflection type of tube, however, 
is employed almost exclusively where the actual 
television waveforms must be analyzed in detail. 

Cathode-ray tubes operate with accelerating volt¬ 
ages of 1000 volts for smaller tubes. These tubes 
are generally employed for observing patterns of 
limited writing length, and where the patterns usu¬ 
ally are recurrent. On larger tubes, used for pic¬ 
ture reproduction, the accelerating voltage may be 
as high as 20,000 volts, yielding increased bright¬ 
ness and generally better focus. The electron beam 
current may vary anywhere from 5 microamperes 
to several hundred microamperes, depending upon 
the type of tube. 

The cathode-ray tube screen is a combination of 
chemicals blended to produce white light for tele¬ 
vision reception purposes. This blend usually con¬ 
sists of a blue component and a yellow component. 

For waveform observation, a willemite screen is 
often used, which produces green light. The lumi¬ 
nous efficiency of the green phosphor accounts for 
its widespread use for oscillograph purposes. 
Where photographic records are desired, a fluores¬ 
cent screen producing blue light is best. 

12-4a. The Modern Cathode-ray Tube —An 
outline drawing of a modern high-vacuum cathode- 
ray tube is shown in Figure 12-7. The parts shown 
are as follows: 

1. Base pins. 

2. Alignment key. 

3. Base collar. 

4. Stem. 

5. Getter. 

6 . Press. 

7. Heater leads (heater inserted inside the cathode 
tubing). 

8 . Cathode support collar (cathode inserted inside 
the grid tubing). 

9. Ceramic supports (two supports diametrically 
oppo.sed). 

10. Control electrode. 

11. Focusing electrode. 

12 . Support collar. 

13. Accelerating electrode. 

14. Mount supports. 

15. Mica deflection plate support rings. 

16. Deflection plate pair D 3 -D 4 

17. Deflection plate pair D 1 -D 2 . 

18. Spring contact (makes contact with static 
shield. 

19. Static shield. 


20. Glass envelope. 

21. Electron beam. 

22. Intensifier electrode. 

23. Intensifier terminal. 

24. Fluorescent screen material. 

25. Pattern traced by beam. 

A heater element (7) mounted within a cathode 
sleeve ( 8 ) operates to heat the oxide coating on the 
end of this sleeve and causes electron emission. 
The electric field produced by the control electrode 
or grid ( 10 ) and the focusing electrode ( 11 ) acts 
to draw the electrons emitted from the cathode into 
a narrow beam having a small minimum cross sec¬ 
tion in the vicinity of the grid. 

From this point the electron beam diverges until 
it passes through the region between the focusing 
electrode (11) and the accelerating electrode (13) 
where the electric field set up by these electrodes 
causes the beam to converge so that it reaches the 
fluorescent screen (24) in a small spot. Hi is action 
is analogous to the action of optical lenses on light, 
and it may be said that the minimum beam cross 
section in the vicinity of the grid is focused onto 
the screen by the electron lens formed by the field 
between the focusing electrode and the accelerating 
electrode. 

The control electrode is ordinarily operated at a 
negative potential with respect to the cathode, and 
the beam current (and therefore the brightness of 
the spot) is varied by varying this bias potential. 
This potential difference is of the order of 100 volts 
maximum. The focusing electrode usually operates 
at a lower voltage than the accelerating electrode, 
and it is by variation of this focusing electrode volt¬ 
age, in the vicinity of 500 volts for 2000 volts accel¬ 
erating potential, that the spot is properly focused 
on the screen. The entire beam-forming structure 
is known as the “electron gun.” 

After leaving the gun the electron beam passes 
between the plates of deflection plate pair 16 and 
then between the plates of pair 17. A potential dif¬ 
ference applied between the plates of pair 16 pro¬ 
duces an electric field which deflects the electron 
beam in a direction perpendicular to the plane of 
those plates. Similarly a potential applied between 
the plates of pair 17 re.sults in deflection of the 
beam in a direction perpendicular to the direction 
of deflection produced by plate pair 16. Thus it is 
possible to control the position of the spot on the 
screen by two potentials applied to the two sets of 
deflection plates. 

It will be noted that in this cathode-ray tube 
focusing and deflection of the beam are both accom¬ 
plished by electrostatic fields. It is also possible to 
use electromagnetic fields for either focusing or 
deflection, or both. 

The intensifier electrode (22) is operated at a 
higher voltage than the accelerating electrode. 
This intensifier electrode serves to accelerate the 
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Fig. 12-8, Television studio camera of iconoscope type. 


beam further subsequent to deflection. The sensi¬ 
tivity of the beam to electrostatic deflection varies 
inversely with the potential applied to the accelerat- 
ing electrode, which potential, measured from cath¬ 
ode, determines the velocity of electrons in the 
deflection plate region. However, the brilliance of 
the trace caused by the electron beam increases with 
increase in accelerating potential. A compromise 
therefore must be made between brilliance and 
deflection sensitivity. Witli the intensifier-type 
cathode-ray tube, the necessity for compromise is 
greatly reduced, since the beam may be deflected at 
a low accelerating electrode potential and then fur¬ 
ther accelerated after deflection by a higher potential 
applied to the intensifier electrode. 

12-5. Television Camera —The television camera 
consists of the camera tube, the lens, and the asso¬ 


ciated electrical circuits and power supplies. Fig¬ 
ure 12-8 illustrates a studio camera with its movable 
dolly and intercommunicating phone system. A lens 
of aperture //3.S or larger focuses the scene onto 
the photoelectric target of the picture tube. Provi¬ 
sion is usually made for the rapid changing of the 
lenses using wide-angle, long shot or telephoto 
lenses, depending upon the type of scene. General 
studio shots use a wide-angle lens to televise groups 
of persons. Longer focal length lenses reduce the 
relative field of view. In some iconoscope tubes 
the picture mosaic is approximately 3^ inches by 
4% inches and for this size of mosaic a set of three 
lenses having focal lengths of 8 inches, 12 inches, 
and 16 inches respectively will satisfy most needs. 
On certain pick-up tubes having smaller mo.saics the 
lenses may have shorter focal lengths, thus making 
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it simpler to get a large effective aperture. The 
requirement of brightness levels of approximately 
20 -foot candles in the highlights on the photosurface 
of certain pick-up tubes necessitates the large aper¬ 
ture lenses, and consequently depth of focus is a 
rather serious problem in television. On outdoor 
pick-ups in sunlight it is often possible to stop the 
lens down to a point where depth of focus is 
excellent. 

Figure 12-9 illustrates a camera assembly with 
the camera cover removed, showing a camera tube 
of the iconoscope type. The tube has a curved 
polished window, allowing the scene to be pro¬ 
jected onto the photosurface, which is in the vac¬ 
uum. A side arm carries the electron gun which 
directs a beam of electrons onto the photosurface. 
The deflecting yoke around this side arm provides 
two magnetic fields at right angles to one another, 
one producing horizontal line scanning, say, at 
15,750 lines per second and the other producing 
vertical field scanning, say, at 60 fields per second. 
Figure 12-9 shows the iconoscope. Since the neck 
of the tube is at an angle with respect to the target, 
a scanning pattern, which on a conventional 
magnetic-deflection catliode-ray tube would appear 


as a rectangle, will produce on the tilted target of 
the iconoscope a pattern having the shape of a 
keystone. However, in practice the horizontal scan¬ 
ning amplitude is modulated by the vertical sawtooth 
waveform so as to offset this keystoning, thus 
producing electronic scanning which is rectangular 
upon the mosaic. An aspect ratio of three units 
of picture height to four units of picture width is 
customary in television. 

The photoelectric mosaic plate consists of many 
thousands of tiny isolated elements, thus allowing 
the picture to be analyzed into a fineness of detail 
limited only by the size of the individual islands and 
by the size of the scanning electron stream. The 
islands are deposited on a thin sheet of mica, the 
back surface of which has a continuous metallic 
coating. Thus each island is capacitively coupled 
to the continuous metallic coating which serves as 
the signal electrode. When a scene is focused on 
the mosaic, the islands emit photoelectrons and 
charge up an amount proportional to the brightness 
of the picture elements. As the line scanning elec¬ 
tron stream comes along, the electrons having a 
velocity generated by approximately 1000 volts of 
energy strike these islands and discharge them to 



Fig. 12-9. Studio camera with cover removed. 
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Fig. 12-10. DiaRram of interlace scanning. 


an equilibrium voltage. The amount of discharge 
is proportional to the accumulated charge stored up 
since the previous electron scan. The act of dis¬ 
charging of the islands conveys a capacitively cou¬ 
pled signal to the continuous metallic back plate. 
In this way the scanning beam produces the series 
of electrical signals from the respective islands of 
the mosaic, and the one collecting electrode serves 


to lead these signals in orderly succession to the 
video amplifier. Figure 12-10 shows the scanning 
sequence and indicates how interlace is obtained. 

The television camera delivers a signal of the 
order of 1 millivolt from this terminal; the fre¬ 
quency range of this signal may vary from 30 
cycles per second components to as high as several 
million cycles per second components. 

Protective circuits are provided in the television 
camera. In case the deflection circuits should fail, 
the electron beam would fall on a small region con¬ 
tinuously. As a result, the caesium-silver surface 
may be evaporated, causing a permanent flaw on 
the mosaic. Consequently, to prevent danger of 
burning, the deflection circuits producing the saw¬ 
tooth waveforms of current driven through the hori¬ 
zontal deflecting coil and vertical deflecting coil are 
provided with relays which operate only when suf¬ 
ficient deflection amplitude is being delivered to the 
cathode-ray tube. When these relays are activated 
by the presence of the deflecting signals, they close 
suitable circuits to activate the control grid of the 
camera tube so that a beam is formed. If cither 
sweep fails, the relays open and bias the tube beyond 
cutofif. 1 he sawtooth oscillators in the television 
camera are controlled by signals fed from the syn¬ 
chronizing generator which will be discussed later. 


RCA IMAGE ORTHICON TUBE 



Fig. 12-11. 


This sntiphfied functional drawing of the new RCA image orthicon, an ultrasensitive television camera pick-up tube, 
show^how the tubes response to the light of a single candle, or even a match, is built up to provide a signal which can 
ijproduce images on home receiver screens. A light image from the subject (arrow at extreme left) is picked up by 
the camera lens and focused on the light-sensitive face of the tube, releasing electrons from each of thousands of tiny 
cells in projwrtion to the intensity of the light striking it. These electrons are directed on parallel courses from the back 
of the tube-face to the target, from which each striking electron liberates several more, leaving a pattern of proportionate 
posiUve charges on the front of the target. When the back of the target is scanned by the beam from the electron gun in 
the base of the tube, enough electrons arc deposited at each point to neutralize the positive charges, the rest of the beam 
returning, as indicated, to a series of “electron multiplier” stages or dynodes surrounding the electron gun. After the 
returning ‘signal” beam has been multiplied many times, the signal is carried out of the tube to the television broadcast 
transmitter. (Courtesy RCA.) 
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Fk,. 12-12. Image orthicon camera head and \icw finder with cover removed. (Courtesy DuMont.) 


The description of a television camera tube thus 
far is mainly applicable to the iconoscope which is 
now largely limited to motion picture work. Here 
both the scene to be transmitted and the electron 
stream are projected onto the same side of the photo¬ 
sensitive surface. Since the electron stream has an 
accelerating voltage of approximately 1000 volts, 
considerable energy is present in the beam and much 
of the performance of the iconoscope is dependent 
upon secondary emission in charging and discharg¬ 
ing the islands of the mosaic. 

Another type of television camera tube, commonly 
called orthicon, employs a different type of mosaic 
and uses a lower-voltage electron beam. In the 
orthicon the scene is focused onto one side of the 
mosaic plate, while the electron stream scans the 
other side of the plate. Thus both the picture and 
the electron stream may strike the mosaic perpen¬ 
dicularly, eliminating the need for keystone correc¬ 
tion. With the lower-velocity electron stream of 
the orthicon, the effect of secondary emission is not 
as marked, and spurious signals are not so pro¬ 


nounced. The orthicon mosaic is generally smaller 
in area, thus allowing more efficient lenses. The 
inherent photosensitivity of the orthicon is better 
than that of the iconoscope, and the orthicon will 
work more acceptably under adverse lighting 
conditions. 

12-5a. Image Orthicon Camera— The image 
orthicon camera using the image orthicon pick-up 
tube. Figure 12-11, eliminates many of the difficul¬ 
ties encountered in the iconoscope. This more sen¬ 
sitive camera may be used for indoor or outdoor, 
studio or field programing. With it, scenes may be 
televised under light levels as low as 3 foot-candles 
illumination; however, light levels of approximately 
30 foot-candles provide results of broadcast quality. 

The camera consists of the pick-up head con¬ 
taining the image orthicon tube, electronic view 
finder, and associated manual controls. The elec¬ 
tronic view finder, connected electronically to the 
pick-up head contains a viewing tube which enables 
the operator to view the exact scene which is being 
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picked up by the imafi^e orthicon tube. Figure 12-12 
shows the camera head and view finder with cover 
removed. 

The image orthicon tube is about 100 times more 
sensitive than the ordinary television pick-up tube. 
It is about 15 inches long over-all and 3 inches in 
diameter at its head end. Immediately inside the 
glass envelope is located a photosensitive emitting 
surface deposited on a thin glass plate. Light from 
the televised object is focused on this surface by 
means of an ordinary camera lens. The photo¬ 
electric surface emits electrons when light impinges 
on it and, by means of a 300-volt potential on a grid 
behind the face, these electrons are attracted to a 
target consisting of another non-conducting plate 
about an inch and a half behind the photoelectric 
surface. An electromagnetic field keeps the elec¬ 
trons on parallel courses. 

When the accelerated photo electrons strike the 
target they cause the emission of a greater quantity 
of secondary electrons. There remains a pattern 
of positive charges on the target due to the defi¬ 
ciency of negative electrons. This pattern corre¬ 
sponds to the pattern of light from the scene. 

At the rear end of the tube there is an electron 
gun which produces a beam of electrons exactly like 
a cathode-ray tube gun. By means of a deflection 
system the beam of electrons is caused to sweep back 
and forth over the rear of the target. As explained 
above, this target has positive charges on its surface, 
whose distribution and intensity correspond to the 
pattern of the picture being televised. 

The electron ])cam has only sufficient velocity to 
approach the target and then turn around and come 
back to the attracting positive accelerating plate of 
the electron gun. However, when the scanning 
beam moves over a portion of the target containing 
a positive charge, the additional attraction of the 
target for the electron beam is sufficient to cause the 
beam to deposit a few electrons to neutralize this 
positive charge. 'Fhe current returning to the accel¬ 
erating plate of the electron gun then is modulated 
by the positive charge intensity of the target. 

This modulated returning beam strikes the for¬ 
ward surface of the electron gun and causes the 
emission of secondary electrons which are attracted 
and accelerated by plates of an electron multiplier. 
The positive potential from plate to plate is 100 volts 
and as the electrons strike they cause the emission 
of a substantially greater number of secondary elec¬ 
trons. When the stream of electrons is finally drawn 
off on the surface from which the output signal is 
taken, it has been amplified very substantially. 

In order to prevent the electrons from passing 
through the holes in the electron multiplier without 
hitting the plates, the holes are cut at an angle in 
the form of louvres. 

8 The material on the image orthicon tube, sullied by 
courtesy of Electronic Industries and Radio Corp. of 
America, appeared under the title "High Sensitivitjr Pickup** 
in the December, 1945 issue of Electronic Industries, 


As can be seen from the description, this tube is 
a delicately adjusted mechanism. Not only must the 
electron beam be of exactly the right strength, but 
the material from which the target is made must be 
such as to permit the positive charges to migrate 
from the front where they are created to the rear 
where they are scanned. The conductivity must not 
be so great, however, as to permit the charges to 
drift around on the surface, thus spoiling the image. 

12-5b. The Image Dissector —The third type 
of television camera tube in common use is called 
the “image dissector.” In such a tube the scene is 
focused upon a continuous photosensitive surface, 
and the resulting photo emission is focused as a 
pattern by suitable focusing fields and accelerated 
toward a small collecting aperture, 'rhen the whole 
photoelectric pattern of streaming electrons is de¬ 
flected in a scanning process, so that individual 
areas of the picture are successively brought to 
impinge upon the tiny aperture. The electron 
stream thus collected is amplified by several stages 
of electron multipliers using secondary emission. 
These signals may then be utilized by the video 
amplifier. 

It is common practice to use the iconoscope type 
of tube with its storage principle for video pick-up 
and for conversion of motion pictures to television 
signals. The orthicon tube is more suited to field 
pick-up equipment in the presence of adverse light¬ 
ing and is extensively used for color television ex¬ 
perimentation, where the sensitivity must be high 
and where the full storage characteristics of the 
orthicon are an advantage. The dissector tube 
proves exceptionally adapted for motion picture 
conversion to television using continuous film 
motion. 

The camera operator in a studio must pay par¬ 
ticular attention to the composition of his scenes in 
accordance with instruction received by the inter¬ 
communicating phone system from the program 
director. It is his duty to maintain focus by ad¬ 
justing the lenses and to maintain position and 
direction of his camera. He is assisted in such 
operations by the viewfinder associated with the 
camera. This viewfinder may take the form of a 
double optical system which shows on a ground 
glass plate the same scene as the camera observes 
on its mosaic. In this case the ground glass plate 
may actually show a little larger area with ruled 
lines to identify the area being transmitted. How¬ 
ever, the electronic viewfinder frequently used con¬ 
sists of a small television picture tube mounted with 
the camera. The camera operator can thus sec the 
actual picture being produced by his camera and 
can complete his optical focus and composition of 
the picture from this study. This electronic view¬ 
finder employs a cathode-ray tube operating at sev¬ 
eral thousand volts and is substantially a small tele¬ 
vision receiver. The associated power supplies for 
the camera and the viewfinder may be located on 
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the lower portion of the camera dolly. The camera 
is connected with the other control equipment by 
means of a multiple cable containing several coaxial 
cables for transmitting the video fre(juencies, the 
shading signals, the scanning wave forms, the com¬ 
municating signals and the remotely generated 
power requirements. 

12-5c. The Flying Spot Scanner— With the de¬ 
velopment of short persistence phosphors the return 
to flying spot scanners as suitable high definitior 
signal sources became feasible. The similarity to 
the early mechanical scanners is quite evident. 

A complete electronic scanner requires a standard 
sync generator, a sweep unit for deflecting the elec¬ 
tronic beam of a cathode-ray tube with a short per¬ 
sistence phosphor (i.e., ZnO with a suitable acti¬ 
vator), optical means for imaging this raster on 
variable density or opaque subject matter, a multi¬ 
plier type photocell to collect either the transmitted 
or reflected light and represent the variable density 
or variable reflection as an instantaneous voltage 
variation with time, and suitable mixing circuits to 
provide composite video output. The raster traced 
out on the short persistence screen results in a 



Fig. 12-13. Slide scanner using flying spot .scanner 
cathode-ray tube. 
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Fig. 12-14. Optics of leflection scanner. 


moving light ^ourcc. This is the basis of the 
whole operation. Since the decay time of the mov¬ 
ing point source of light is relatively long compared 
to the period of tlu* highest fretpieiicy components 
desired in the video signal, special peaking circuits 
must be utilized, 'fhe multi])lier type photocell pro¬ 
duct s a high level output signal with a good signal- 
to-noise ratio. 'Fo achieve the resolution reijuired 
of the final video signal the low fre(|uency compo¬ 
nents of the output must be attenuated considerably 
to bring up the high frequency components. This 
may be accomplished with selective amplifiers or 
with R-C or R-L networks. 

For slide reproduction the raster traced out on the 
cathode-ray tube is imaged optically on the slide to 
be reproduced. Condenser lenses are used past this 
focal plane to collect the maximum light energy 
passing through the slide, and converge this energy 
to the aperture dimensions of the multiplier 
photocell. 

When used to reproduce opaque images, a number 
of photocells in parallel are placed around the ob¬ 
ject on which the raster from the cathode-ray tube 
is imaged. The efficiency of this pick-up can be 
improved by using condenser lenses. A block dia¬ 
gram of a typical slide scanner is .shown in Figure 
12-13, and the optics of a typical reflection scanner 
are sketched in Figure 12-14. The final resolution 
achieved with the flying spot scanner is determined 
by the beam spot size in the cathode-ray tube, the 
operating temperature of the short persistence phos¬ 
phor, the optical focus, the electron beam focus and 
the peaking circuits used to compensate for the 
relatively long decay time of the phosphor. The 
results obtained with this signal source to date have 
been excellent. It is po.ssible to obtain 500-line 
resolution with very high signal-to-noise ratio and 
none of the shading difficulties encountered with the 
iconoscope or image orthicon pick-ups. 

12-6. Video Amplifiers —Since television sig¬ 
nals cover a very wide frequency range, they place 
a rather strict requirement upon the amplifier cir¬ 
cuits. The amplifier must provide flat frequency 
response from a frequency of 30 cycles per second 
to 5 me per second. It is, therefore, common prac- 
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tice to utilize resistance-coupled amplifiers em¬ 
ploying inductive peaking to maintain the high- 
frequency response at a suitable value. The dis¬ 
tributed capacitance and the grid capacitance of 
the tube become serious at the upper end of this 
frequency range and consequently the impedances 
of the plate load are generally low with values of 
the order of 1000 ohms or less. The signal level 
delivered by the camera tube is of the order of 1 
millivolt for average signal brightnesses, and it is 
desirable that the camera be capable of delivering 
the low-level signals essentially free from noise. 
The signals must remain therefore noise-free from 
the order of one-tenth of a mv input and upward. 
This requirement necessitates extreme care in the 
design of the early stages of the video amplifier. 
Choice of good quality resistors is necessary to 
prevent resistor noise in the early stages. With 
such extreme sensitivity, the presence of tubes 
having microphonic characteristics is serious. The 
early stages of the video amplifier are generally 
shock-mounted. 

The large size of the mosaic plate produces con¬ 
siderable capacitance at the input circuit. It is 
customary to connect the camera tube terminal to 
the grid of the first vacuum tube stage, which is a 
cathode-loaded impedance-matching tube. In this 
type of circuit the signals are applied to the grid of 
a tube and the cathode has the load resistor con¬ 
nected in its circuit. In this way the output signals 
are taken from the cathode of this first tube and 
there is no actual voltage gain. However, with 
the relatively low impedance in the cathode circuit 
the signals are converted from a high-impedance 
circuit on the camera tube terminal to the low 
impedance of a cathode circuit. A regenerative 
action is employed in this cathode circuit whereby 
the outside shield of the camera tube is connected 
to this cathode. In this way the capacitance be¬ 
tween the mosaic collector plate and the outside 
shield of the camera tube is largely neutralized. 

Shielding precautions are very essential in these 
early stages of the video amplifier, since the wide 


band of acceptance of the amplifier includes the 
entire radio broadcast band. Consequently, any 
near-by radio station may induce, either inductively 
or capacitively, sufficient signal levels into these 
early stages to mask out completely the desired tele¬ 
vision signals if proper shielding is not employed. 

A typical video amplifier stage is shown in Figure 
12-15. Several cascaded stages, similar to the first 
tube shown, must be used in the preamplifier to 
raise the signals to a sufficient level, so as to allow 
transmission over a coaxial cable to the main con¬ 
trol equipment. However, the relatively high im¬ 
pedances of even 1000 ohms would not be suitable 
for transmission over the large-capacitance coaxial 
cable. Therefore, a line amplifier type of tube is 
added beyond the early video amplifier stages. This 
tube is illustrated by the second tube in Figure 
12-15. A stage of amplification utilizing a tube in 
this manner is called a cathode-loaded stage, and 
the impedance in this cathode circuit is matched to 
approximately 50 or 75 ohms, so as to send the sig¬ 
nals without phase or frequency errors over 50- or 
75-ohm coaxial cable. If the coaxial cable is to 
be long, the resistive load is generally placed at the 
far end of the cable away from the tube. However, 
for short runs of the order of a few feet it is satis¬ 
factory to place the resistive load for the cathode- 
loaded stage at the tube itself and to use the extra 
loading capacitance of the cable directly, without 
impedance loading at the far end. At the other 
end of the cable a volume control of 500 to 1000 
ohms impedance may be employed to adjust the 
signal level of the output. Video line amplifiers de¬ 
signed to operate a long length of cable frequently 
employ several high-transconductance tubes in 
parallel. 

These video signals must be amplified to a level 
of several hundred volts in order to modulate the 
transmitter properly. Many stages of video ampli¬ 
fication are therefore required. One stage using a 
tube of high mutual conductance can realize only a 
voltage gain factor of 3 to 7, depending on the 
tube. Several branch-line video amplifiers are pro- 
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vided to accommodate a number of pick-up cameras 
and a number of picture monitor units as well as to 
supply the signals to the transmitter for radiation. 

Several different sections of video amplifiers are 
generally employed in a television station to sim¬ 
plify the shielding problem and the power supply 
problem. The power supply must have a very low 
noise level and must have extremely good regula¬ 
tion. Figure 12-16 illustrates the basic principle 
of a typical regulated power supply. This type of 
electronic regulation compensates for line voltage 
fluctuation and for load current changes. It also 
minimizes the need for heavy filter circuits. The 
VR tube provides a fixed voltage drop across a gas 
discharge and serves as a reference voltage for the 
power supply. Any change in delivered voltage 
caused by line voltage change or by load current 
change tends to cause a change in voltage upon the 
grid of the pentode amplifying tube. This tube, in 
turn, applies a corrective signal to the grid of the 
several output tubes in parallel, so that the current 
delivered by these output tubes is altered to restore 
and maintain a fixed delivered load voltage. In the 
early video amplifier stages of the television camera 
a super-regulated supply is frequently used, employ¬ 
ing several stages of electronic amplification in 
the voltage regulator circuits. A regulated power 
supply yields an apparent impedance of the order 
of 10 ohms, which is equivalent to the internal 
resistance of a good set of batteries. Consequently, 
very little feedback from later stages to the early 
stages can take place through such a power supply, 
and the video amplifier can be made stable even 
with high gain and wide frequency range. 

De-coupling circuits consisting of resistors and 
bypass condensers to ground are employed in the 
supply circuits of both the plate and screen grid of 
the video amplifier stages. The bypass components 


generally consist of a small condenser for high- 
frequency purposes and a larger condenser for low- 
frequency filtering. It must be realized that a large 
capacitance with lead lengths of the order of a 
few inches can be resonant for frequencies within 
the video frequency bandpass region. Serious 
phase distortion in the early stages of video ampli¬ 
fiers may appear if the bypass condensers become 
defective. Frequently, if electrolytic condensers are 
employed, they may deteriorate with age and cause 
a phase distortion to creep into the amplifier, making 
itself apparent by trailing or streaks across the 
picture, wherein a black portion is followed by a 
whiter trailing going clear across the remainder of 
that line of the picture and sometimes even con¬ 
tinuing into the next line. 

Inductive peaking of video amplifiers is illustrated 
in Figure 12-15. For complete balance of the cir¬ 
cuits, where even the slight changes in location of 
the wiring from unit to unit becomes serious, it is 
customary to employ peaking inductances having a 
small adjustability in range. Coils using a movable 
powdered iron slug are common. Square-wave test¬ 
ing and video wobbulator testing enable accurate 
adjustment of these peaking coils to obtain a wide- 
range response free of phase and amplitude distor¬ 
tion. Such test procedures will be described in 
more detail in a later section. 

In certain preamplifiers for the video signals im¬ 
mediately following the camera tube, it is custo¬ 
mary to employ a relatively high-impedance load 
resistor for the camera tube itself, in order to gen¬ 
erate input signals to the first video amplifier tube 
of the order of millivolts. However, when this 
high-impedance load resistor is employed, the very- 
high-frequency components of the video signals are 
attenuated more than the low-frequency compo¬ 
nents. Thus in the second or third stage of the 



Fig. 12-16. Typical circuit of regulated power supply for 
video amplifiers. 
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video pre-amplifier a compensating network consist¬ 
ing mostly of inductance with very little resistance 
may be used to accentuate the high frequencies and 
thus restore a substantially flat frequency response. 
It is important that amplifier overload should not 
take place between the overemphasis of the low 
fre(iuencies, and the subseciuent compensation to 
overemphasize the high frequencies, providing an 
over-all flat characteristic. 

In some types of camera tubes, part of the video 
amplification is achieved by using the secondary 
emission principles to yield electron multiplier ac¬ 
tion. Tn this way the electron multiplier operates 
at the low signal level to raise the signal well above 
the input noise level of the conventional vacuum 
tube, thus yielding a better ratio of signal to noise 
for the television system. A tube of the iconoscope 
type, while not using electron multiplier principles, 
does yield a storage effect in its mosaic, which thus 
provides a satisfactory signal-to-noise ratio of the 
video signals when the scene being televised pro¬ 
vides sufficient light. 

12-7. Shading Circuits —In certain tyi)es of 
television camera tubes, particularly the iconoscope, 
spurious signals may be getierated within the 
camera tube, and these signals may be neutralized 
to some extent by artificial waveforms introduced 
as shading signals. These shading signals are re- 
(juired most often when the camera is operated 
under rather adverse lighting conditions. I'he 
spurious signals iti the camera are generated as a 
result of the electron scanning of the mosaic, and 
as a result of the insulated nature of the islands of 
the mosaic. The electron beam, having its high 
velocity due to 1000-volt acceleration, strikes the 
islands and causes secondary electrons to be emitted. 
Those islands near the center of the mosaic will 
release their secondary electrons sometimes to 
nearby islands, as well as to the wall coatings of 
the bulb. However, those islands near the edges of 
the mosaic wdll release their secondary electrons 
largely to the conducting areas around the mosaic. 
Thus the “dark signals” delivered by the camera 
tube are not necessarily uniform for elements dis¬ 
tributed over the mosaic. Central elements may 
deliver different signals from edge elements, even 
w'hcn no light is falling on the mosaic. These 
different signals thus seem to be video signals, and 
as such cause the receiving tube to show a variation 
in illumination over the scjinned area. Now, when 
a scene is focused on the mosaic, its transmission is 
distorted by this spurious signal distribution. For 
example, the center of the picture may appear 
bright, and the scene may become gradually darker 
toward the top and toward the bottom. Now in 
the early stages of the video preamplifier, if there 
is introduced a sine wave of voltage of proper am¬ 
plitude and phase, the illumination can be brought 
back on the receiving tube to a normal flatness, 
somewhat dimming the center and somewhat bright¬ 


ening the top and bottom. A sine wave thus intro¬ 
duced is called a shading signal and is usually in¬ 
serted in the early video preamplifier stages. The 
requirements of shacling signals differ from one 
camera tube to another, and therefore adjustability 
is necessary for the amplitude and the phase and 
the nature of the signals. 

Figure 12-17 show\s a typical set of camera con¬ 
trol units. In this apparatus there is a cathode-ray 
oscillograph on which the composite video signals 
appear. Above the shading unit is a twelve-inch 
picture monitor unit which the operator also ob¬ 
serves. By observation of the oscillograph and the 
monitor unit, proper shading may be provided. 

The shading unit generates three waveforms for 
vertical scanning and three more waveforms for 
horizontal scanning shading. These three signals 
for each axis consist of: (1) sawtooth signals either 
positive or negative in polarity and variable in 
amplitude; (2) sine-wave signals adjustable in 
phase and amplitude: and (3) parabola signals 
available in either positive or negative polarity and 
adjustable in amplitude. The parabola signal is 
derived from a sawtooth waveform and is used for 
adjusting the brightness of the center with respect 
to the top and bottom in case of vertical scanning, 
or adjustment of the center with respect to the left 
and right sides in the case of horizontal scanning. 

To a limited extent, these shading signals may 
be employed to compensate for deficiencies in the 
uniform distribution of lighting in studio scenes 
or in motion picture records, although the primary 
purpose of shading signals is to compensate for the 
spurious signals generated in the camera tube. The 
shading signals may also be used by the program 
director to produce certain artistic effects. 'J1ie 
sine-w^ave shading signals arc sometimes helpful in 
neutralizing power supply voltages introduced in 
the system. 

Certain camera tubes such as the orthicon with 
its low-velocity beam and the dissector tube require 
very little, if any, shading. 

12-8. The Synchronizing Generator —For a 
television system to produce steady pictures it is 
vital that synchronism of scanning be maintained 
between the various pick-up cameras, the station 
monitor equipment, and all of the television re¬ 
ceivers in the field. The synchronizing generator 
is therefore one of the most important units in the 
entire television chain. This unit provides control 
signals to regulate the scanning circuits in the 
cameras, the monitor tubes, and to control those 
synchronizing signals radiated by the transmitter 
for regulation of the scanning at the receiving 
points. 

In order to understand more clearly the synchro¬ 
nizing problem it is worthwhile to make a careful 
study of the composite television waveform which 
is radiated by the transmitter. In Figure 12-6 is 
shown a standard radiated waveform for 525-line 


TELEVISION 


457 






FiCf. lJ-17. View of studio or motion-picture control units illustrating shading circuits, 
as well as waveform and picture monitors. 


scanning. Later figures show cathode-ray oscillo¬ 
graph photos of television waveforms. 

Referring to Figure 12-6, the waveform radiated 
by the television station consists of three basic parts. 
The first part is the video signal which occupies that 
voltage region between zero carrier voltage and 75- 
pcrceiit carrier volUige. This part of the signal 
corresponds to receiver cathode-ray tube brightness 
all the way between maximum white in a picture 
and just black of the picture, which corresponds to 
zero beam current. 

The second necessary component in the radiated 
waveform is the horizontal synchronizing informa¬ 
tion which is placed in that carrier voltage region 
between 75 ami 100 percent of the maximum carrier 
voltage radiated by the station. These horizontal 
synchronizing signals arc short pulses of energy oc¬ 
curring at the end of each .scanning line and having 
a repetition rate equal to the horizontal line repeti¬ 
tion rate (for example, 15,750 lines per second). 

The third fundamental component in the radiated 
waveform is the vertical synchronizing information. 
It also is transmitted in the carrier amplitude range 
between 75 and 100 percent. Since the vertical 
synchronizing information has a low frequency 
repetition rate (for example, 60 pulses per second), 
and the horizontal synchronizing pulses have a 


high freejuency repetition rate (for example, 15,750 
pulses per second), it is possible to transmit both 
of these components in the same amplitude range 
and to utilize them independently in the receiver cir¬ 
cuits by means of frequency selection. The vertical 
synchronizing information must be interrupted at 
regular intervals in order that the horizontal pulses 
may be continuous for the line scanning during the 
vertical blanking interval. In this waveform the 
vertical synchronizing signal consi.sts of a series of 
six pulses of longer duration than the horizontal 
synchronizing pulses. Therefore the energy in the 
six pulses can integrate through a low-frequency 
pass circuit to produce a single pulse u.seful for 
vertical synchronization. Such a low-pass circuit 
will be relatively insensitive to the lesser energy 
contained in the short-duration horizontal pulses. 

The television .system employing interlace prin¬ 
ciples must produce vertical synchronizing signals 
timed to an accuracy of a small fraction of one line 
on successive vertical .scans. Con.sequently, in Fig¬ 
ure 12-6, waveform 1 illustrates the vertical syn¬ 
chronization for a given field of vertical scanning, 
while waveform 2 of Figure 12-6 illustrates the 
vertical synchronizing signal for the next succeed¬ 
ing vertical field of scanning. The time differences 
between time ti at the start of the vertical sync 
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pulse and time + F at the start of the next verti¬ 
cal sync pulse must be precisely the vertical scan¬ 
ning interval (for example %oth of a second). 

Reference to the definitions of television line, 
field, frame and interlace may be helpful at this 
point. As an example, a S2S-line television system 
employs S2S scanning lines per complete television 
frame or picture. If thirty complete pictures per 
second are formed, then 30 X 525 = 15,750 lines per 
second. Since 525 is an odd number, then a vertical 
scanning rate of sixty fields per second will divide 
the 525 lines into two groups of lines of 262i lines 
each. This half line left over on each field scan 
thus fits successive field scanning patterns into one 
another in an interlace fashion, giving a finer reso¬ 
lution to the picture. The primary purpose of inter¬ 
lacing, however, is the production of a scanning 
pattern which has the relatively high vertical scan¬ 
ning rate, for example, of sixty fields per second, 
which yields little or no observable flicker even with 
the intermittent scanning action. With this vertical 
.scanning frequency of sixty fields per second it 
would be possible to produce the same ultimate 
detail of 525 lines by producing 525 horizontal 
scans in each sixtieth of a second, but unfortunately 
this would greatly increase the upper limit of video 
frequencies required to transmit pictures having 
good horizontal resolution, since the lines per .second 
would be doubled. Therefore, by employing the 
interlace system producing thirty complete pictures 
per .second, the video frequency requirements are 
not so difficult and at the same time freedom from 
flicker is achieved. Continuity of motion is por¬ 
trayed, since the total picture frequency is main¬ 
tained at thirty per second. 

In order to provide accuracy of interlace, the 
.synchronizing waveform contains certain double 
frequency equalizing pulses immediately preceding, 
during, and immediately following the vertical syn¬ 
chronizing pulse interval. These double frequency 
pulses serve to cause the vertical synchronizing se¬ 
lector circuits to operate precisely for interlace to 
a greater degree than if only the regular horizontal 
pulses continue during the vertical .synchronizing 
interval. If equalizing pulses were not used, then 
on one interlace field scan the horizontal pulse im¬ 
mediately preceding the vertical synchronizing pulse 
interval would be a whole line away, while on the 
succeeding interlace field scan the preceding hori¬ 
zontal pulse would be a half line away. It has been 
pointed out that the horizontal pulse does not inte¬ 
grate to appreciable energy; yet such energy, as it 
does contribute to the vertical selector circuit, would 
be sufficient to throw off the accuracy of interlace 
if the double frequency principle were not employed 
for a few lines before, during and after the vertical 
synchronizing pulse interval. 

It is imperative that the uniformity of occurrence 
of the rising edges of the horizontal synchronizing 
signals be maintained to a high order of accuracy. 


Otherwise some lines would be longer than others in 
time, and the received picture would not fit together 
very well. The details of the tolerances on the tele¬ 
vision waveforms are shown more clearly in curves 
3, 4 and 5 of Figure 12-^. 

In addition to the video waveform and the vertical 
synchronizing signals the composite waveform also 
contains blanking signals at both vertical and hori¬ 
zontal frequencies. These might be treated funda¬ 
mentally as part of the video signal, since it is 
necessary to turn off the beam in the receiving 
tubes while the beam retraces to the starting point 
for the next line or field. However, these blanking 
signals perform a useful synchronizing function as 
well. The blanking signals are so introduced that 
they generate a small “front porch'* or flat region 
at the black level just ahead of the horizontal or 
vertical synchronizing interval. The blanking sig¬ 
nal continues during the entire time of the hori¬ 
zontal or vertical synchronizing interval. Then the 
blanking signal is completed by producing another 
flat region at black level, called the “back porch." 
This composition of the blanking signal is more 
clearly shown for the horizontal signals in curve 3 
of Figure 12-6. This front porch is important in 
providing a uniformity of the synchronizing pulses, 
as .seen by the synchronizing selector circuits. 
Witliout this front porch, then, the immediately 
previous picture content, if largely white, would 
produce a slightly different timing of the synchro¬ 
nizing pulse than if the immediately previous picture 
information had been largely black. 

In the receiver circuits the synchronizing infor¬ 
mation is first led into a separate chatinel by ampli¬ 
tude separation from the video signals. Then the 
skimmed-off .synchronizing waveform is fed to fur¬ 
ther .selective circuits which isolate the horizontal 
information from the vertical information, using 
some form of frequency selectivity. In this way 
clean horizontal synchronizing signals may be fed 
to control the horizontal scanning circuits, and clean 
vertical synchronizing signals may be fed to control 
the vertical scanning circuits. The entire signal, 
including video, blanking and synchronizing, is fed 
to the receiving cathode-ray tube for picture modu- 
ulation of the grid. The presence of the synchro¬ 
nizing signals does not disturb the visible picture, 
since these signals are in an amplitude region l)e- 
yond grid cut-off for the cathode-ray tube, and thus 
the synchronizing excursions correspond to the 
“blacker-than-black" region of the picture. 

An important difference between television signal 
modulation of the radio-frequency carrier and sound 
signal modulation of the radio-frequency carrier 
should be emphasized at this point. The television 
transmission is accomplished by amplitude modula¬ 
tion. In sound broadcasting using amplitude modu¬ 
lation, the carrier envelope is modulated for a 
balanced increase and decrease of instantaneous car¬ 
rier level about an average carrier value. 
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The amplitude modulation for television trans¬ 
mission does involve both positive and negative ex¬ 
cursions of the radio-frequency carrier voltage. 
The television signals observed at radio frequency 
will therefore oscillate s)mimetrically about a center 
line of zero voltage, as will be more clearly shown 
in later oscillograms. 

In sound broadcasting, however, the r-f excur¬ 
sions occur symmetrically about a center line of 
zero voltage and for an absence of sound in the 
microphone there is a fixed carrier level of r-f 
voltage. Then the presence of a weak sound causes 
a small modulation about this carrier value, momen¬ 
tarily increasing and then decreasing the instantane¬ 
ous carrier level. A louder sound causes greater 
excursions of the envelope about this average car¬ 
rier level. The loudest sounds cause the carrier 
energy to go through excursions from twice the 
average carrier amplitude down to zero carrier 
amplitude. 

However, in the transmission of pictures it is 
necessary to produce what might be termed a single- 
ended signal. In other words, the receiver cathode- 
ray tube must produce visible signals starting at 
black and working in one direction upward in 
brightness toward maximum white. Careful obser¬ 
vation of the television waveform in Figure 12-6 
will show that the transmission system employed in 
the United States may be called negative transmis¬ 
sion, since decreasing radio-frequency carrier ampli¬ 
tude corresponds to increasing brightness of the pic¬ 
ture being televised. Nevertheless, the television 
transmitter operates with single-ended amplitude 
modulation rather than with balanced modulation 
about an average carrier. In practice, the reference 
level for the television waveform is the peak of 
synchronizing which is termed 100 percent or maxi¬ 
mum carrier voltage. This level must be main¬ 
tained at a fixed field strength throughout the entire 
transmission. In fact, the waveform of the syn¬ 
chronizing components in the range from 75 to 100 
percent carrier amplitude is maintained at a constant 
level throughout the transmission, independent of 
the changes in scenes being televised. 

In the television system it is therefore necessary 
to transmit the average brightness content of the 
picture as well as the variations in shade along each 
line horizontally and along each field vertically. 
This system of d-c transmission of the average 
brightness involves certain d-c inserting devices at 
the transmitting equipment and at the receiving 
equipment. In particular, the video amplifier must 
be connected to the cathode-ray tube grid in such a 
way that the changes in video content of the tele¬ 
vision waveform work from the black level or grid 
cut-off point always toward increasing beam current 
and never beyond grid cut-off during the picture 
intervals. In sound amplifiers it is customary in 
the amplifier tubes, and even in the loud-speaker, 
for the voltage to oscillate about an average value, 


going both positive and negative with respect to 
this average value. In the cathode-ray tube, how¬ 
ever, no picture advantage is achieved by swinging 
beyond grid cut-off, except for the purpose of blank¬ 
ing and synchronizing mentioned above. During 
the picture interval the signals must start from the 
black level as reference and work toward white, 
depending upon the particular content of the scene 
being transmitted. 

Because of this single-ended nature of television 
modulation, it is best to rate television transmitters 
in terms of peak power, rather than root mean 
square, or rms, power. Peak power stays substan¬ 
tially constant, independent of picture content, 
whereas the average power radiated is much greater 
for a nearly black scene than for a white scene. 
This is quite different from the case of amplitude 
modulation sound broadcasting, where both the peak 
power and the rms power remain substantially con¬ 
stant, iiKlependent of degree of modulation. Fur¬ 
ther discussion of power considerations will be cov¬ 
ered later. 

Now that the radiated signal has been described 
in some detail it will be helpful in connection with 
the synchronizing generator to discuss the methods 
whereby these accurately timed pulses, blanking 
signals and video signals are generated and com¬ 
bined. Figure 12-18 shows a synchroni/dng gen¬ 
erator block diagram illustrating the frequency di¬ 
vider stages and the shaping circuits. '‘Fbe actual 
figures on this diagram illustrate a 525-line tele¬ 
vision system producing 525 lines per picture and 30 
pictures per second. The synchronizing generiitor 
has a master oscillator operating at 157.5 kc per 
second which is 10 times the line frequency. 'This 
choice of the master oscillator frecjuency permits 
generation of linearity bars. It is evident that the 
system could be designed around a master oscil¬ 
lator frequency of 31,500 cycles per second. This 
157.5-kc master oscillator actuates a 10:1 frequency 
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lustrating frequency divider stages and shaping circuits. 
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divider stage. There may be a simple 10:1 count 
or a combination of 5:1 and 2:1 to produce a 
signal at the line frequency of 15,750 cycles per 
second. These line-frequency signals go to a wave¬ 
form shaping unit which converts these master 
signals into the square-shaped pulses for horizontal 
synchronizing and into the blanking signals. Pulses 
of a frequency of 31,500 cycles per second must be 
utilized as well as the line frequency pulses be¬ 
cause of the requirements of the equalizing signals. 

Now, going back to the master oscillator, another 
chain of frequency dividers is employed. The pur¬ 
pose of this chain of dividers is to derive from the 
master oscillator frequency the control pulses for 
field frequency at 60 cycles per second. It is im¬ 
perative that this oscillator at twice line frequency 
be very precisely related to the field-frequency 
pulses. Therefore, by means of the divider stages 
the field-frequency signals are generated from and 
tightly locked in with the master oscillator. The 
157.5-kc oscillator drives a 5:1 divider stage, yield¬ 
ing 31,500 cycles per second which is twice the line 
frequency of 15,750 lines per second. Then four 
divider stages are used having divisions of 5, 5, 7, 
and 3 per stage, respectively, yielding a field fre- 
(jucncy of 60 cycles per second. The product of 
5 X 5 X 7 X 3 is 525. Since this is an odd number 
and since the 31,500-cycle oscillator period corre¬ 
sponds to % of a line interval, then successive field- 
frequency pulses will differ in their starting point 
on the final television scanning raster horizontally 
by displacement of % line. This half-line hori¬ 
zontal displacement thus will cause successive verti¬ 
cal scanning patterns to be interlaced with one 
another. Actually the synchronizing generator is 
not required to provide a 30-cycle output. 

If the master oscillator is crystal controlled, then 
the derived field-frequency pulses at 60 pulses per 
second is sufficiently precise for practical purposes. 
However, it is common practice in a television 
station to use an automatic frequency control, or 
AFC, circuit which compares the derived field fre¬ 
quency signals at 60 cycles per second with the 
power line signals at 60 cycles per second. This 
comparison circuit employs a discriminator in which 
a voltage is generated depending upon the phase 
relation between the field frequency of 60 cycles 
per second and the power-line frequency of 60 
cycles per second. This generated voltage is then 
fed back to a reactance tube or other frequency¬ 
controlling element associated with the ma.ster oscil¬ 
lator. Such control voltage, however, is made to 
operate through circuits having long time constants 
which simulate large inertia. In this way, the line- 
frequency and field-freciucncy signals are caused to 
be loosely locked with the power-line frequency and 
they will maintain a certain average phase relation¬ 
ship to these power line signals. However, with the 
long time constant circuits any sudden surges of 
the power line, lasting only a moment, will have 


very little influence on the synchronizing generator 
frequency. There are advantages from this tie-in 
between the synchronizing generator and the power 
source used for the transmitting equipment. The 
choice of power frequency for vertical scanning 
field frequency enables simpler neutralization of 
power-frequency hum introduced by lighting or in 
the video amplifiers. Perhaps the most important 
advantage, however, of this tie-in is connected with 
motion picture transmission by television. The 
projector must be carefully synchronized with the 
scanning process and thus a synchronous motor 
operated from the power line can be kept locked in 
satisfactorily with the scanning process. Further 
details of the motion picture problem will be dis¬ 
cussed in a later section. 

Referring again to the block diagram of Figure 
12-18, the several sets of pulses pass to the wave¬ 
form shaping circuits. In these shaping circuits 
the pulses at twice line frequency, the line-frequency 
pulses, and the field-frequency pulses arc combined 
with suitable squaring stages and time delay cir¬ 
cuits to generate the blanking signals, the horizontal 
synchronizing pulses, and the complex vertical syn¬ 
chronizing information, yielding the composite syn¬ 
chronizing waveform of Figure 12-6. Separate 
blanking signals and driving pulses are delivered 
by these shaping circuits, to be utilized in the 
iconoscope, image orthicon, or other style of camera 
tube, for turning off its scanning beam during its 
re-trace time. 

It is customary in some systems to provide hori¬ 
zontal driving pulses from these shaping circuits to 
control horizontal scanning action in the cameras 
and in the station monitor units. Separate vertical 
driving pulses may be generated also and used for 
camera and monitor control. In other systems these 
waveform shaping circuits actually deliver the saw¬ 
tooth scanning voltages for horizontal and vertical 
scanning in the cameras and monitor etjuipment. 

The performance of equipment is rather critical 
as to the precision of the synchronizing wave¬ 
shapes. In particular the duration of the front 
porch signals must be maintained precisely, and the 
uniformity of the horizontal pulse leading edge 
repetition rate must be maintained. 

The television synchronizing generator feeds 
blanking signals to the several camera chains in a 
station. Then the composite synchronizing signals 
in the range from 75 to 100 percent amplitude, usu¬ 
ally called super-sync, may be fed into the control 
circuits after the blanking and video signals have 
been combined. In the operation of several cameras 
the length of cable between synchronizing generator 
and the camera and back to the master control sys¬ 
tem is generally not the same for all cameras. The 
front porch interval for horizontal synchronizing is 
only 2 percent of a horizontal pulse interval. This 
2 percent amounts to only 1.27 microseconds in time, 
as can be seen from the table showing data on the 
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Fig. 12~19. Tahle of Data on F.C.C. Television Waveform for 525-Line, 30-Frame System 


No. 

Description 

♦Duration in 
mirrosecundvS 

♦Relation to other units 

1 

Frame 

33,333 

(30 c.p.s. 

\2 V « 525 H 

2 

Vertical field interval (=*V) (see Fig. 12-6) 

16,667 

160 c.p.s. 
t V-262.5 H 

3 

4 

Equalizing pulse preceding vertical sync, pulse 
Vertical sync, pulse interval 

190.5 

190.5 

3 H 

3 H 

5 

Equalizing pulse following vertical sync, pulse 

190.5 

3 H 

6 

Leading and trailing edges of equalizing pulse 
interval 

Leading and trailing edges of vertical sync, pulse 
interval 

Interval between equalizing pulse and vertical 

.254 max. 

.004 H max. 

1 

7 

.254 max. 

.004 H max. 

8 

29.21 

.46 H 


sync, pulse 



9 

Rising and falling slopes each of verlical blank- 

<6.35 

<.l H 


ing interval 



10 

Vertical total blanking 

8.?3.4 

.05 V-1.3.12S H 

11 

Vertical picture time 

15,835.3 

.95 V* 249.375 H 

12 

Horizontal line interval ( = H) 

o3.5 

Line freq. ■» 15,750 c.p.s. 

13 

Horizontal blanking interval 

10.2 

.16 H 

14 

Horizontal front porch 

1.27 

.02 H 

15 

Horizontal super sync, width at bottom 

5.08 

.08 H 

16 

Horizontal super, sync, width at top 

4.57 

.072 H 

17 

Front slo|)e horizontal super sync. 

.25 max. 

.004 H max. 

18 

Back slope horizontal super sync. 

.25 max. 

.004 H max. 

19 

Horizontal line picture interval 

53.3 

.84 H 

20 

Picture duty cycle per frame 

25,900 

77.7' i in time 

21 

Total blanking lime per frame 

7,433 

22.3% in lime 

22 

Max. slope end of picture to start of horizontal 

.64 max. 

.01 H max. 


blanking 



23 

Max. slope end of horizontal blanking, start of 

.64 max. 

.01 H max. 


picture 



24 

.Sync, generator master oscillator (period) 

H.75 

twice line freq. or 31,500 c.p.s. 

25 

Zero carrier 

- 

Zero ref. level for video signal 




(whiter than while) 

26 

White level 

— 

Capable of 15% or less of peak 




carrier amplitude 

27 

Black level 


75% of peak carrier amplitude 
blacker than black 100% ampli¬ 

28 

Peaks of synchronizing 




tude 


* The specific values ijiven in tins table are the niedian values where tolerances are specified in drawing. 


television waveform for a 525-line 30-frame system. 
Now the propagation time for signals going over a 
length of average coaxial cable is approximately 
one-tenth microsecond per one hundred feet. 
I'herefore, it is necessary to compensate for the 
different lengths of cables to the different cameras 
in order to maintain the precision of tolerances on 
these waveforms. In some equipment it may be 
possible to arrange the cables so that they are nearly 
enough the same length for the several cameras, so 
that no compensation is required when switching 
from one camera to another. Artificial delay cir¬ 
cuits for the signals from a short cable can match 
the results from another camera using a longer 
cable. Adjustable delay for the scanning pulses of 
each camera is perhaps the simplest means of main¬ 
taining the desired precision. 

Some convenient data are shown in Figure 12-19. 
In some stations it is more convenient to use several 
synchronizing generators because of this time delay 


problem in cables. Generally a remote pick-up unit 
will employ its own synchronizing generator inde¬ 
pendently of the studio equipment. Certain types 
of receivers with very long time constant control of 
the local scanning oscillators are subject to momen¬ 
tary surges in the scanning if the synchronizing 
generators are not carefully interlocked prior to 
switching, for example, from a remote pick-up pro¬ 
gram to a studio program. 

12-9. Master Control Circuits —^A complete 
television station is provided with several points at 
which control operators may adjust and schedule the 
various cameras which are utilized in making up the 
composite program. The picture signals must be 
adjusted for the one or more cameras in the studio. 
Then the signals must be adjusted for the motion 
picture television cameras. Also the signals must 
be balanced and adjusted from remote pick-ups 
brought to the central control points by coaxial 
cable or by wireless relay. Then, finally, signals 
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from each source must be brought to a common 
point where they are monitored for operation of 
the main broadcast transmitter. A typical master 
control lay-out is shown in Figure 12-20, a func¬ 
tional diagram of the Du Mont TA-134-A master 
control system. 

With these requirements it is common practice to 
provide several engineering control points for the 
television signals. They will be described, however, 
for studio control, master control, and transmitter 
control points. The studio control equipment has 
been described briefly in connection with the shading 
circuits. In addition to shading of the camera, it is 
necessary at the studio control point to direct the 
studio programming, and here the program director 
has control of the one or more cameras active in 
the studio. Each camera has its independent picture 
monitor at the control desk, so that the program 
director may select that scene chosen for the out¬ 
going transmission from the available cameras. 
Alsof he may preset the remaining cameras for 
proper program balance before they are switched 
to the outgoing line. Individual signal level con¬ 
trols are provided in each camera circuit. The os¬ 
cillographs enable the technical operators to accom¬ 
plish proper shading and maintain a full level of 
signal within the 0 to 75 percent of amplitude range 
which can be devoted to the picture components, 
thus balancing all cameras to the same relative 
signal level. The program director, by simple push¬ 
buttons or dials, may select any one of several 
cameras. By use of mixer tubes, the output signals 
from two or more cameras may be blended with one 
another so as to allow gradual fading out of one 
camera while a new camera comes up in signal 
level. For certain artistic purposes the mixer input 
circuits from two cameras, for example, may be 


set at half-gain value, both pictures being thus 
superposed on the outgoing line. In the studio 
control equipment one picture tube monitors the out¬ 
going line signal for study by the program personnel. 

In this studio control equipment intercommuni¬ 
cating phone systems are incorporated, so that the 
technical director and the program director may talk 
with the studio operating crew, consisting of the 
sound microphone boom man, the lighting man, the 
studio director, the camera men, and others. This 
same intercommunicating system is connected with 
the master control board, the transmitter room, the 
motion picture projection room, and other points in 
the television station. 

The master control room frequently is separate 
from the studio control desks, since individual stu¬ 
dios may be used for rehearsal purposes while the 
master control system is being used for broadcasting 
from other picture sources. The synchronizing 
generator equipment, the line amplifier equipment, 
the motion picture pick-up cameras, certain of the 
sound equipment, and the monitor apparatus are 
located in the master control room. The synchro¬ 
nizing generator distributes its control signals to 
the several cameras in near-by studios and to the 
motion picture equipment. It also supplies control 
signals to the picture monitors and to the mixing 
amplifiers, where the composite synchronizing wave¬ 
forms are combined with the several picture signals. 

The master control desk may contain the shading 
circuits, the gain controls and the switching facili¬ 
ties for operation of the motion picture equipment. 
A television receiver operated from an antenna, 
placed to obtain a signal from the broadcast an¬ 
tenna, provides a continuous monitor of the trans¬ 
mitted pictures and sound. Figure 12-21 shows 
panels of master control equipment. Many coaxial 



Fig. 12—20. Functional block diagram of the DuMont TA-134-A master control system. 
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I ic. lJ-21 Panels of master amtrol 
equipment. (Courtesy DuMont ) 


cables terminate on a series of patch panels in this 
control room. Some of these cables take the syn¬ 
chronizing signals to the several studios and others 
bring the sound and picture signals into the master 
contiol board from the several studios. In some 
cases, where these cables are very long, it is de¬ 
sirable to place additional synchronizing generators 
directly in the studios. In these cases, oscillograph 
monitor units and suitable tie-in circuits may be 
utilized to bring these remote synchronizing gen¬ 
erators into step with the master synchronizing 
generator to provide the least surges when switch¬ 
ing between studio circuits and motion picture 
circuits. 

It is desirable that the studio cameras, the motion 
picture cameras, and the control desks be placed at 
a reasonable distance from the main transmitter, so 
that the radiation from the high-level stages of the 
transmitter may not feed back into these circuits and 
cause instability. 


12-10. Picture Monitor —The picture monitor 
units are essentially television receivers without the 
i-f circuits. Some of the monitors in the station 
are driven directly from the master synchronizing 
generator for control of the scanning circuits. In 
this way there is no interruption of the scanning 
while switching picture signals from one circuit to 
another. Other picture monitors receive both the 
synchronizing signals and picture signals from the 
picture amplifiers directly, in order that they may 
provide adequate monitoring of the overall signals 
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Fig. 12-22. Twelve-inch picture monitor with cover removed. 


intended for the transmitter. The picture monitors 
utilize small tubes of about 5 inches diameter where 
compactness is necessary as, for example, on the elec¬ 
tronic view finders attached directly to the pick-up 
cameras. The small monitors are convenient also 
for portable remote pick-up equipment. The larger 
monitor tubes of twelve, fifteen or twenty inches 
diameter are preferable in tlie studio control equip¬ 
ment where the program director must observe the 
artistic details while composing and directing the 
production. The larger monitors are used also in 
the master control equipment, the motion picture 
circuits, and the transmitter room monitoring cir¬ 
cuits. Additional monitors may be placed in audi¬ 
ence rooms throughout the station. Figure 12-22 
shows a twelve-inch monitor with cover removed. 

A picture monitor unit consists of a low-voltage 
power supply, a high-voltage supply, the synchro¬ 
nizing circuits, the deflection circuits, the video 
amplifiers, and the cathode-ray tube. The low- 
voltage power supply delivers approximate voltages 


of 250 volts regulated and 400 volts unregulated 
for the video amplifier stages and for the deflection 
circuits. The cathode-ray tube high-voltage supply 
ranges from 5000 volts to 20,000 volts, depending 
upon the size of the monitor. These monitor units 
may employ either electrostatic deflection or electro¬ 
magnetic deflection for the cathode-ray tube. More 
details of the operation of synchronizing circuits, 
the deflection circuits, and the video amplifiers ap¬ 
plicable also to picture monitors, are provided in 
the section describing receivers. Controls are pro¬ 
vided to adjust cathode-ray tube focus, brightness, 
picture contrast or video signal level, horizontal 
scanning speed, horizontal picture size, vertical 
scanning speed, and vertical picture size. 

The scanning pattern produced on a television 
picture monitor is called a ''raster.” It is con¬ 
venient on at least one of the monitors in a tele¬ 
vision station to be able to adjust the size and scan¬ 
ning speed of both horizontal and vertical deflection 
over a rather wide range in order to study the com- 
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posite television signals carefully. In this way the 
picture monitor can be used to good advantage to 
supplement the cathode-ray oscillograph monitor 
units in making certain that the standardized wave¬ 
forms are being produced. For example, if the 
horizontal scanning speed is adjusted to one-half 
the regular number of lines per second, then two 
pictures appear, one beside the other. In the 
center of the pattern will appear a dark region. By 
suitable adjustment of the contrast control and 
brightness control, this dark region may be studied 
and will be found to contain the horizontal blanking 
signals consisting of horizontal front porch, hori¬ 
zontal super-synchronizing pulse, and horizontal 
back porch. It is only by this half-speed scanning 
j)rocess that this horizontal blanking region may be 
shown with uninterrupted detail, since with the 
normal scanning pattern a portion of this blanking 
occurs at the right-hand side of the picture, and 
another portion occurs during the scanning re-trace 
time, and the final portion occurs at the left-hand 
side of the picture. If this special monitor unit 
having its wide flexibility of control is equipped 
with circuits providing excellent linearity of scan¬ 
ning, then the per cent blanking time, front porch, 
vsuper-synchronizing and back porch may be meas¬ 
ured by means of this observation. It is possible 
to compare the relative time delay between signals 
from several cameras by observing them one after 
another, or blended on the input circuits to such a 
monitor. 

Likewise, if the vertical scanning frequency is 
dropped from its usual 60 cycles per second down 
to half speed, or 30 cycles per second, then there 
appear two pictures, one above the other. If hori¬ 
zontal scanning is at half si)eed, then a total of four 
pictures will appear. Thus it is possible to observe 
and study the vertical blanking interval and to moni¬ 
tor its distribution as to front porch, vertical super- 
synchronizing, and back-porch intervals. 

On this special monitor unit, if the deflection cir¬ 
cuits and power supplies are very stably designed, 
a picture using normal horizontal and vertical scan¬ 
ning frequencies may be observed carefully for ac¬ 
curacy of interlace. For example, the vertical 
amplitude may be increased to three or four times 
its normal value, causing the top and bottom of the 
picture to be way off the tube. However, the center 
portion of the picture can then be resolved into 
individual scanning lines on which the interlace can 
be observed. Poor interlace may be caused by in¬ 
accuracy either at the cameras or at the picture 
monitor. If this monitor is carefully designed, 
then it is possible to use it as a means of deter¬ 
mining the relative perfection of camera interlace 
in the observation of the signals from the several 
cameras in the station. 

Another useful purpose of the picture monitor is 
to enable the adjustment of proper linear distribution 
of vertical and horizontal scanning in the several 


cameras. It is desirable that the linear distribution 
of scanning be maintained on all cameras so that 
stationary scenes may be rendered in their proper 
proportions and, even more important, so that mov¬ 
ing objects in a picture will not tend to become fore¬ 
shortened or stretched out as they move from region 
to region on the scene. In testing for this linearity 
and for adjustment of proper aspect ratio in the 
several cameras, a special type of pattern called a 
test pattern is projected into the camera. This test 
pattern frequently consists of concentric circles, 
regions having steps of density all the way from 
black through several steps of gray to white, and 
portions showing radial wedges. Such a test pat¬ 
tern is shown in Figure 12-23, being a resolution 
chart prepared by industry engineers through the 
Radio Manufacturers Association. It is of value to 
have the test pattern in symmetrical form and with 
proper boundaries having the desired aspect ratio 
of three units height to four units width. When 
this test pattern is focused optically on to the camera 
tube mosaic, the camera scanning may be adjusted 
so as to just cover the test pattern, insuring thereby 
the proper aspect ratio. Then special calibration 
pulse signals may be introduced into the video ampli¬ 
fier circuits from the synchronizing generator. 

These pulse signals are derived from the divider 
stages in the master synchronizing generator and 
are called linearity test bars when they appear on 
the tube. The linearity test bars have large markers 
at uniform intervals, with smaller marks appearing 
more frequently in between the large marks. In 
this way uniform time interval marks are provided 
on the monitor. They assist in adjusting the 
camera scanning independently of the monitor scan¬ 
ning. The monitor scan may first be adjusted for 
absolute linearity by use of these timing markers. 
When its scanning circuits are linear, both hori¬ 
zontally and vertically, then the test pattern may 
be reproduced on the monitor. If it appears non¬ 
linear, it is necessary to readjust the camera scan¬ 
ning to correct this error. Without the use of these 
linearity test pulses, it would be difficult to decide 
whether poor linearity of the final observed picture 
might be caused by faulty scanning in the camera 
or the monitor, or a combination of both. It might 
be possible to obtain a good test pattern on the 
monitor by compensating errors of scanning in the 
camera and the monitor, although this condition can 
be detected and remedied by use of the linearity 
test bars. When the test pattern, having its stepped 
density tablet portion, is observed on the monitor, 
the proper balance of picture contrast and brightness 
may be adjusted so as to study these steps of con¬ 
trast. Then the camera tube beam current and 
camera pre-amplifier gain controls must be so ad¬ 
justed that the full range of contrast can be han¬ 
dled by the camera without saturation or overload. 
If a test pattern contains the extreme ranges of 
brights and shadows which it will be expected to 
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transmit from the studio, then these cameras may 
be preset on this test pattern and will be ready for 
studio operation with very little further adjustment. 
By observation of the monitor, it can be seen that 
the camera becomes more sensitive to a given 
studio lighting condition as the beam current is 
raised. However, the rise of beam current begins 
to decrease camera resolution since increasing 
camera beam current generally is accompanied by 
an increase in camera spot size. This variation of 
resolution is best observed on the resolution wedges 
of the test pattern. 

The accuracy of camera interlace can be studied 
by observing the test pattern wedges which run in 
the horizontal direction. The sharpness of focus 
of the camera tube and the high frequency response 
of the video amplifiers may be studied by observing 
the resolution wedges which run in the vertical di¬ 
rection. In order to obtain best camera tube beam 
focus for highest resolution, it is frequently de¬ 
sirable to expand the monitor tube scanning con¬ 
siderably, so that the wedge wliich runs vertically 
is spread out to where the spot size of the monitor 
cathode-ray tube is no longer the limiting factor 
for resolution. In like manner, for a test pattern 
having a given resolution in the finest portion of its 
wedges, say of 500 lines, it is sometimes desirable 
to decrease the camera tube scanning to, say, one 
half amplitude, thus apparently enlarging this wedge 
to twice its normal size. In this way a wedge de¬ 
signed to give 500-1inc resolution for a full-scanned 
picture will become substantially a thousand-line 
wedge under this half amplitude condition. With 
this reduced scanning in the camera, it is possible 
to adjust the camera lube focus to its best condition 
before returning to normal scanning size. 

This reduction of camera scanning amplitude 
enables the amplifier of a given video bandwidth to 
render more accurately the fine resolutions of the 
test pattern, since the given number of elements of 
this portion of the test pattern are scanned more 
slowly. Camera focus may therefore be readily ad¬ 
justed under these conditions, where the video am¬ 
plifier response no longer limits ability to observe 
that portion of the resolution wedge corresponding 
to finest detail. 

It might be pointed out here that a 525-line tele¬ 
vision picture utilizes 525 complete lines of hori¬ 
zontal scanning for each complete vertical picture 
scan consisting of two interlaced field scans. Of 
these 525 lines, however, something between 5 and 8 
percent of the lines occur during the vertical blank¬ 
ing interval. Therefore, if we consider percent 
vertical blanking time, we have 92Vi percent of 
525 line, or 486 lines of useful picture. This verti¬ 
cal blanking time and also the horizontal blanking 
time must be taken into consideration when design¬ 
ing and calibrating the resolution wedges for a test 
pattern. 

In the picture monitor circuit it is imperative to 


have a good d-c insertion circuit which monitors 
not only the variations in shade from one portion to 
another of a scene, but also monitors the average 
brightness level of each scene. We have already 
discussed the single-ended nature of television sig¬ 
nals in that they vary from black level always to¬ 
ward a whiter picture, and not up and down about 
the black level, as compared with sound modulation 
signals. When a program is being produced, it is 
desirable that the pictures be able to fade down 
toward black between scenes, and that the monitor 
picture tube go completely dark. As programs are 
produced either from motion picture film or from a 
direct pick-up studio, the proper balance must be 
maintained between all cameras to match this same 
black level condition. 

This d-c insertion may be accomplished by direct 
coupling of all the circuits to the studio monitor 
equipment, if it is desired. In this way the d-c 
components may be controlled. However, direct- 
coupled amplifiers are not practical where such high 
gain and such wide band width is required. It is, 
therefore, customary to regulate the average bright¬ 
ness level of the pictures with regard to the black 
level of the synchronizing signals. In general, the 
darkest portion of the scene is set a few percent 
below the 75 percent or black level mark, so as to 
give a small tolerance region to insure that the 
monitor cathode-ray tube will go completely black 
in between scenes and yet will reproduce the darker 
portions of the transmitted scene faithfully. Rather 
than employing direct-coupled amplifiers for trans¬ 
mitting the average brightness level, the same result 
is accomplished by using a d-c inserting diode in 
connection with the video amplifier. This d-c in¬ 
serting diode is connected at the grid of the picture 
monitor cathode-ray tube or in the grid circuit of 
the final video amplifier stage, which must then be 
directly coupled to the cathode-ray tube. Such a 
diode acts upon the video signals to allow their ex¬ 
cursions in one direction only, from a preset volt¬ 
age. This diode offers extremely low rcsi.stance to 
a tendency of the video signal to send the cathode- 
ray tube grid bias in a more negative direction than 
its cut-off value, but offers an extremely high re- 
si.stance to the tendency of the video signals to go 
in a direction positive from the grid cut-off value 
of the cathode-ray tube. In this way, the cathode- 
ray tube always operates on the useful portion of 
its grid characteristic, and a low-amplitude video 
signal simply produces relatively little light, but 
never a blacker-than-black signal, while a large 
video signal works always toward the brighter re¬ 
gion for increasing video amplitudes. 

The picture monitor tube must be observed closely 
in a television station to see that the scenes being 
televised are thus properly rendered in their corre¬ 
sponding video signal. On the other hand, the 
video signals must not be raised to too high a 
brightness level since they will cause blooming of 
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the final picture monitor tube. In master control 
equipment the picture monitor units should be bal¬ 
anced carefully with respect to one another, so that 
any variation of grid control characteristic from 
monitor tube to monitor tube is compensated by dif¬ 
ferent settings of respective video amplifier contrast 
controls. It is only in this way that each candidate 
picture signal may be compared with every other 
candidate signal in readiness for relaying to the 
broadcast transmitter to enable its full and efficient 
operation. The cathode-ray oscillograph waveform 
monitor units will assist greatly in maintaining this 
uniformity of picture signals. 

Both the picture monitor and the waveform moni¬ 
tor tubes are used in obtaining proper shading 
adjustments. 

12-11. Cathode-ray Oscillograph Monitor— 

Television video signals are primarily useful when 
applied to the control grid of the picture-receiving 
cathode-ray tube for the purpose of varying the 
intensity of the electron beam to reproduce tlie 
lights and shades of the television picture. How¬ 
ever, for purposes of monitoring the television sig¬ 
nals these same video signals may be applied to the 
deflection plates of a cathode-ray tube for study. 
Electrostatic deflection cathode-ray tubes are used 
for this purpose, since they are adapted to a wide 
frequency response as compared with the relatively 
narrow frequency response of a cathode-ray tube 
using a magnetic-deflection circuit. An instrument 
using a cathode-ray tube for waveform analysis is 
called a cathode-ray oscillograph. The video sig¬ 
nals applied to the vertical deflection plates deflect 
the beam upward and downward in accordance with 
the variations of the video signals. A time-base 
voltage, usually sawtooth in waveshape, is applied 
to the horizontal deflecting plates of this cathode- 
ray tube to spread out the electron beam uniformly 
with time. As a result, the cathode-ray o.scillograph 
yields a graphic plotting of the video sijfnals verti¬ 
cally against time horizontally. The speed of the 
time base is adjustable over a wide range and provi¬ 
sion is usually made for synchronizing this time 
base at a sul)-multiple of the frequency of the 
video signals under observation. 

Television signals resemble telegraph signals in 
many ways, although the range of frequency re- 
(juirements is far greater than that required in nor¬ 
mal telegraphy. However, since a television signal 
is characterized largely by its amplitude variations 
with time, it is imperative that these signals be 
studied with a suitable oscillograph. The cathode- 
ray oscillograph is admirably suited for this pur¬ 
pose, since it has no fundamental limit to its fre¬ 
quency response. However, the cathode-ray tube is 
only as good as its amplifiers, when it comes to por¬ 
traying the waveforms in question. Consequently, 
the cathode-ray oscillograph monitor units must be 
equipped with high-fidelity video amplifier circuits 
capable of response to the highest frequencies en¬ 


countered in the video signals. In some cases it is 
desirable to provide for a d-c insertion diode in the 
output circuit of the video amplifier, so that the 
deflection-plate signals can register both the varying 
component and the average-level signals of the pic¬ 
ture information. Details of the circuits of a 
portable general-purpose test oscillograph will be 
given later in the section devoted to Television Test 
Equipment. However, in a television station setup 
it is desirable to have a number of specialized 
waveform monitor oscillograph units, built right 
into the equipment. 

These cathode-ray oscillograph monitor units arc 
to be found in the synchronizing generator, the 
studio control equipment, the line amplifier monitor 
circuits, the master control room, the motion-picture 
camera control circuits, the monitor circuits for the 
relay receiver for remote pick-up programs, the 
transmitter room monitor circuits, the off-the-air 
monitor circuits, and general service and mainte¬ 
nance monitor facilities. In some cases oscillo¬ 
graphs may be arranged for switching to cover 
several of these requirements, but more often it is 
necessary to have two or three oscillographs for 
each of these services. 

It has been mentioned briefly that the monitor 
oscillographs are used in connection with shading. 
In the master-control equipment the cathode-ray 
oscillograph is used to see that the proper balance 
is maintained between the picture components and 
the super-synchronizing components of the com¬ 
posite television signal. While it is possible to 
monitor the signals at video frequencies, it must 
also be kept in mind that the characteristics of the 
transmitter require waveform monitoring since it is 
not always possible to modulate the transmitter for 
the whitest white clear down to zero carrier output. 
The standards specify that good design of trans¬ 
mitters permit modulation down to within 15 percent 
of peak carrier voltage. Precise monitoring of the 
amplitude distribution of signals must therefore be 
made by observation of the r-f envelope at the car¬ 
rier frequency. Once this has been done and the 
transmitter characteristics have been determined, it 
is possible to calibrate the line amplifier video 
monitor oscillograph in terms of this characteristic. 
A mechanical vibrating switch may be used for 
rapid interruption and shorting to ground of the 
video signals directly coupled from the detected 
output of the transmitter, giving a reliable artificial 
*‘zero” carrier reference level. In this way the 
master control operator may monitor his outgoing 
signals more conveniently at video frequency. It is 
often unsatisfactory to bring the r-f monitor signals 
directly back into the master control room, since 
feedback and oscillation of tlie entire system may 
result. 

In Figure 12-24 is shown a typical test pattern 
used for broadcasting over a television station. 
Such a test pattern has been discussed in connection 
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Fig. lJ-24. Typical test pattern used in a television system. 


witli the picture monitor units. Figure 12-26 
shows a video-frequency oscillojjraph waveform 
corresponding to a similar test pattern. This wave¬ 
form is photographed from the face of the cathode- 
ray tube and although it and the ensuing waveform 
photographs do not correlate with present R.M.A. 
standards in some respects, the basic principles por¬ 
trayed remain unchanged. The horizontal scanning 
frequency for the oscillograph was .set at 30 cycles 
per second and so phased that a complete field of 
one sixtieth of a second appears in the middle of 
the photograph. At the bottom of the waveform 
can be seen the apparently solid line representing the 
peaks of horizontal synchronizing. If the hori¬ 
zontal scale were expanded sufficiently, the fine 
structure of the horizontal pulses could be observed, 
as will be shown in a later photograph. Vertical 
super-synchronizing pulses may be seen spaced a 
sixtieth of a second apart for synchronization of 
successive vertical scanning fields. The apparently 
solid line next to the bottom represents the black 
level of the picture. On the calibrated scale at the 
right of the picture there is a heavy line near the 


center of the figure, which we shall call 0 percent 
amplitude. The white portions of the video or 
picture components do not quite extend to this 
heavy line. This video waveform has been pre¬ 
calibrated to corresj)ond to the r-f envelope calibra¬ 
tion. Ten divisions downward from this dark line 
may be seen the peaks of synchronizing represented 
by the bottom apparently solid line. The black- 
level apparently solid line is shown at about 73 
percent on the left-hand portion of the calibrated 
.scale, and at about 71 percent on the right-hand 
portion of the scale. 

This slight clothes-line sag of the signal is 
probably caused by curvature of the cathode-ray 
tube to some extent and by deficiency in low- 
frequency response somewhere in the system. A 
certain amount of this sag must be expected 
throughout a television system, since direct-coupled 
amplifiers are impractical. (Precautions as to con¬ 
stancy of signal level will be treated later in the 
section on the transmitter and transmitter m 9 nitor- 
ing.) In this region from 0 to about 14 percent 
there is no video signal. However, from 14 to 
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Fig. 12-25. Video frequency oscillograph waveform 
corresponding to a test pattern, displayed upon a 30 cp.s. 
time base to show vertical field intervals. 

about 73 percent we have a full ranj^e of video 
signals going all the way from white to black. It 
will be noticed that the larger concentration of video 
signals on this pattern is near the white, which 
would be expected from observing the test pattern 
of Fig. 12-24. With some careful study it can be 
seen that the center portion of the oscillograph 
waveform contains the largest number of excursions 
toward the black, and this can be correlated with 
the test pattern where the center portion has the 
largest proportion of the black. It is interesting to 
note that many television operators become suffi¬ 
ciently familiar with the oscillograph waveforms so 
that they may quickly identify the general subject 
matter of a program simply by observing the oscil¬ 
lograph waveform. A well-known test pattern may 
be readily identified. 

Figure 12-26 shows the oscillograph r-f waveform 
corresponding to Figure 12-25. This oscillogram 
w^as taken from a cathode-ray tube operating di¬ 
rectly at a radio carrier frequency of 77.25 me. 
The signals were applied to the monitor oscillograph 



Fig. 12-26. Oscillograph r-f waveform corresponding to 
a test pattern as shown at video frequency in Figure 
12-25. 


by means of a coaxial cable and a matching net¬ 
work to provide balanced deflection. The cathode- 
ray oscillograph vertical deflecting plates received 
the r-f signals directly without any amplifier. The 
coaxial cable for this purpose was fed by a small 
pick-up loop placed near the transmission line to 
the broadcast antenna Again one can see from 
this waveform that the transmitter can modulate 
well within the 15 percent white requirement and 
has approximately the correct 75 percent black-level 
pedestal and the 100 percent peaks of synchronizing 
level. The horizontal scanning rate for this photo¬ 
graph is 30 cycles jier second of sawtooth wave 
form, providing a linear time base. Careful com¬ 
parison of the r-f waveform of Figure 12-26 with 
the video frequency waveform of Figure 12-25 
shows the similarity of video signals characteristic 
of the test pattern. 

Figure 12-27 shows an oscillograph video fre¬ 
quency waveform for the test pattern spread to show 




Fig. 12-27. Oscillograph video frequency waveform for 
test pattern spread to show line frequency interval. 


the line frequency interval rather than the field- 
frequency interval. Consequently, the horizontal 
super-synchronizing pulse is shown with its front 
porch, super-sync and back porch. The horizontal 
blanking interval is well illustrated. The video 
components are somewhat dififerent here from those 
of Figure 12-25, as would be expected, since they 
represent the horizontal scanning components rather 
than the vertical scanning components. In order to 
avoid confusion it should be pointed out that such 
a photograph as Figure 12-27 is really a large num¬ 
ber of separate waveforms superposed upon one 
another, since a repetition of the waveform for a 
particular part of a picture cannot take place more 
often than once every thirtieth of a second, even for 
a stationary picture. 

The horizontal scanning rate for Figure 12-27 is 
one-half of 15,750 cycles per second, or 7875 cycles 
per second. Thus many lines of television scanning 
have their respective video waveforms superposed 
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here to give a composite pattern. However, such a 
cathode-ray tube pattern is very useful in over-all 
shading of a picture, since the shading controls 
react upon practically all of the lines of the group. 
For example, insertion of a sawtooth component at 
horizontal frequency in the video amplifier would 
cause Figure 12-27 to have a slanted appearance 
instead of the relatively flat solid-top portion of the 
video pattern. This portion would become sloped, 
for example, from its present left-hand top position 
downward toward the black, corresponding to a 
darkened right-hand side of the picture. Likewise, 
Figure 12-25 illustrates a useful pattern for vertical 
shading. Consequently, it is desirable to have two 
monitor oscillograph tubes for each camera chain 
except for compact portable cameras. Referring 
back to Figure 12-17 it can be seen that to the left 
and right of each picture-monitor large cathode-ray 
tube there are two smaller oscillograph-monitor 
cathode-ray tubes. Generally, one tube is set up 
w'ith horizontal scanning frequency on its time base, 
while the other tube is set up with vertical scanning 
frequency on its time base. These oscillograph 
tubes enable the operators to adjust the proper am¬ 
plitudes within the signal and to adjust the proper 
shading and time distribution within the signals. 

Figure 12-28 shows an oscillograph video fre¬ 
quency waveform for an average picture. Here 
there is no longer a major portion of white in the 
picture as shown on Figure 12-25 for the test pat¬ 
tern, but the scene has a general distribution of 
lights and shadows, as evidenced by the video fre- 
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Fig. 12-28. Oscillograph video frequency waveform for 
for average picture, spread on 30 c.p.s. time base. 

qucncy waveform. This pattern is photographed 
from the cathode-ray tube, using the vertical scan¬ 
ning interval of one-sixtieth of a second between 
vertical blanking notches or a linear time base of 
30 cycles per second. Figure 12-29 shows an oscil¬ 
lograph r-f waveform for this same average picture. 

The oscillograph monitor tubes may be used to 
advantage in measuring the characteristics of the 


sound equipment and in setting the sound levels as 
well as the video levels. 

12--12. Studio Lighting and Operating Tech¬ 
niques —A television studio must be acoustically 
treated for adequate sound pick-up and must be 
equipped with far more elaborate lighting facilities 
than are required for a sound broadcasting studio. 





Fig. 12-29. Oscillograph r-f waveform for average picture 
shown at video frequency in Figure 12-28. 

It must also provide for realistic scenery and pro¬ 
gram props. Many of the artificial program effects 
used in sound broadcasting cannot be counterfeited 
in television, since the cameras and microphone are 
sensitive to both sight and sound. A television 
studio, therefore, requires rather extensive space. 

The studio arrangement must allow rapid shifting 
of the cameras and microphones between several 
program sets to provide good program continuity. 
Accordingly, the lighting and the control cabling 
must be arranged with flexibility. The studio con¬ 
trol room generally is arranged somewhat above the 
floor level of the main studio, so that the control 
operators may view the studio personnel and pro¬ 
gram without obstruction. 

Since each camera requires wire connection of 
some twenty to thirty circuits, the camera cables are 
relatively heavy. They are terminated in suitable 
plugs on the studio walls. The cables must be 
flexible, however, to allow motion of the cameras 
during the program. Various types of dollies are 
used for television cameras, some employing simple 
wheels and a supporting structure to allow motion 
of the camera as a whole, and to allow as well 
panning of the camera horizontally and vertically. 
Focusing controls are provided. Figure 12-3 illus¬ 
trates typical equipment in a television studio. The 
camera on its dolly can be seen with its electronic 
viewfinder. The camera man, wearing the inter¬ 
communication headphones, is able to receive in¬ 
structions from the program director for composing 
the scene required from his camera. A cable- 
control man frequently works with one or more 
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camera men to assist in the quiet arrangement of 
the cables to prevent their being kinked or obstruct¬ 
ing the free motion of the camera dolly. The 
sound microphone is operated on a boom and must 
be kept out of the direct view of the cameras. The 
.sound man is responsible for the adjustment of the 
microphone and must swing the microphone from 
scene to scene or else correlate several microphones 
which may he switched from the control room. All 
of the studio crew receive instructions by headphone 
from the intercommunicating system, so that the 
instructions may be provided even while the studio 
microphones are picking up the program. 

The studio lighting operator is responsible for 
turning the lights on and off and seeing that the 
lights arc used and moved to the ajipropriate scenes. 
Permanent lighting fixtures supported from the ceil¬ 
ing are common for general lighting, although these 
fixtures are usually arranged so that they may he 
turned and directed to a limited extent. Bird's-eye 
incandescent lights and water-cooled mercury arc 
lights may be used. It is more i)ractical to operate 
such mercury arc Lamps from d.c. to avoid cyclic 
variations in light ontj/ut, which are encountered 
where a-c operation is employed. Careful balancing 
of several a-c-operated mercury vapor units on 
several phases of an a-c supply yield reasonably 
satisfactory operation, although d-c operation is to 
he preferred. With the incandescent lights, the 
thermal lag of the filaments is generally sufllcient to 
give a uniform light free of hum where 60-cycle 
power is employed. The incandescent lighting, 
however, is generally accompanied by a large 
amount of heat. Consequently, some form of air 
conditioning is desirable. 

In addition to the ceiling fixtures, it is highly 
desirable to utilize spotlights and floor lights which 
may be moved about to provide a good balance of 
illumination. The required intensity of lighting 
varies considerably in accordance with the type of 
pick-up camera tube, and with the nature of the 
program. The iconoscope cameras require an il¬ 
lumination of the scene of several thousand foot- 
candles. Orthicon cameras, on the other hand, are 
more sensitive by approximately five to ten times, 
and image orthicon cameras require approximately 
liw the amount of light. In some cases, the orthi¬ 
con cameras may operate satisfactorily under nor¬ 
mal theater or sports arena lighting. However, the 
nature of the program subject matter determines to 
a large extent the tolerance requirements of lighting. 
1 f the program is very interesting and contains only 
relatively few objects in the picture, then the light¬ 
ing is not so demanding, whereas for programs 
involving much detail and relatively slow move¬ 
ment the lighting requirements become far more 
important. 

The color response in a television system must be 
considered even for black-and-white transmissions. 
The characteristics of the pick-up camera tube may 


be such that certain shades of red may appear as 
black, while other shades of red may appear as 
white relative to a gray reference background. 
Consequently, the choice of scenery and of colors 
in the scenery is important in the television studio. 
Obviously, color balance is important where color 
transmission is involved. In a color studio the 
fundamental methods of color pick-up require a 
higher level of lighting than for black-and-white 
pick-up, since flat spectral sensitivity is desired, 
and the use of color filters decreases the ultimate 
light which the optical system finally focuses upon 
the pick-up tube. 

The studio technical crew usually consists of one 
camera man for each camera, a cable man, a sound 
man, and a lighting man. In addition to these 
people, there is a studio program man who corre¬ 
lates their technical activity with the requirements 
of the actors. Additional personnel may be re¬ 
quired for adjustment of the scenery. The number 
of performers is controlled by the complexity of the 
show, and will vary from one to twenty-five or 
more. 

Many interesting program effects may be ob¬ 
tained in a studio by the use of dual camera opera¬ 
tion and by the use of especially constructed sets in 
miniature for camera pick-up. In this way, the 
standard live programs may be combined in an inter¬ 
esting fashion with other background scenes de¬ 
rived from these miniature special sets and from 
placards or slides. As an example, a studio pro¬ 
gram may involve camera 1, which picks up a 
dancing girl on the live stage with a dark back¬ 
ground, so that only the girl is apparent as a video 
signal. Camera 2 is simultaneously focused on a 
thin-walled aquarium in which seaweed and fish may 
be seen. In the control room these signals from the 
two cameras are blended in a video mixing ampli¬ 
fier, with the resulting appearance that the girl is 
dancing under water among the swimming fish. 
Many interesting similar combinations may be made 
where live scenes may be faded into placards and 
where motion pictures may be combined with still 
or live subjects in the studio. 

Test pattern signals may be generated in the 
studio by focusing a studio camera directly on a 
placard version of the test pattern, which is suitably 
illuminated. Preliminary alignment and adjustment 
of the studio cameras is accomplished by this means. 
The use of still pictures suitably illuminated in con¬ 
nection with talks can be combined by proper use of 
two cameras, one showing the picture, the other 
showing the lecturer. Many interesting combina¬ 
tions of maps can be made in connection with news 
presentations. Suitable mirror arrangements may 
be made whereby pointers or objects may appear to 
move over the map. The objects may be superposed 
upon the map optically, so that a single camera sees 
both pictures at once. In the normal operation of 
a television station it is desirable to utilize several 
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small studios, some of which may be used for re¬ 
hearsals of coming programs, while another of the 
studios is in use for an actual program presentation. 
A single large studio allows more room for elaborate 
sets but is not very suited to accommodation of 
rehearsals and programs simultaneously. The stu¬ 
dios must be provided with access to the control room 
by door and by viewing window. Provision must 
be made for easy entrance and exit of performers 
and the stage settings. In addition, a studio audi¬ 
ence is sometimes included. A suitable viewing 
window may be provided to allow the program 
sponsors or the visiting public to view the show 
while it is in progress. In many cases, however, 
the visitors are best accommodated in small theatres 
where they observe the program upon monitor re¬ 
ceivers combining both the sight and sound. 

For certain programs it is desirable to set up a 
studio so that a commentator and his guests may 
start a program with live action on a stage. Then 
as the program progresses the commentator and his 
guests may switch to a film portion illustrating their 
program, so that during the film presentation from 
the television film studio the commentator and his 
guests provide the sound portion of the program 
from the live studio. In such an event the studio 
lights are dimmed and a monitor receiver is turned 
on in the studio so that the commentators may view 
the pictures from the film on the television monitor 


and thus synchronize their comments with the action 
in the film. 

In the operation of studio cameras the earth’s 
magnetic field has an influence upon the electron 
beam in the camera pick-up tube. Therefore, as a 
camera is moved about to point first in one direction 
and then in another, the relative intensity of the 
earth’s magnetic field varies, causing a slight shift 
in the deflection of the entire scanning pattern. 
Thus it is desirable that the studio camera be 
equipped with compensating positioning controls, or 
else that the scanning amplitudes of the camera 
sweep circuits not be quite great enough to reach 
the edges of the t>boto surface. If this photo sur¬ 
face is underscanned a sufficient amount, the motion 
of the camera in the varying components of the 
earth’s magnetic field will not result in a displace¬ 
ment of the scanning pattern recjuiring position 
correction. The scene will .shift slightly, but since 
the camel a man is observing the final picture on 
his electronic view finder, he can nevertheless com¬ 
pose the desired scene projicrly. 

12-13. The Sound Equipment— In a television 
.station the sound equipment \s very similar to that 
in a broadcasting station and therefore will be 
treated only briefly in this chapter, llow'cver, there 
is not as much freedom in the use of microphones, 
since it is desirable to keep the sound pick-up units 
out of the pictures. The sound e(iuipment is some- 



Fig. 12-30. Sound console and two turntables. (Courtesy Western Electric.) 
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what more complex than that for sound broadcast 
stations; the control desk must accommodate studio 
microphones, phono pick-up and motion picture film 
sound-track pick-ups. 

In general, the phonograph equipment is in the 
studio control room, where the program director and 
the technical operators may carefully co-ordinate 
the recorded sound with the live programs. Addi¬ 
tional transcription turntables are located in the 
master control room for provision of musical back¬ 
ground programs where close synchronization is not 
required. The sound-track control circuits are gen¬ 
erally located in the master control room or motion 
picture control room. From the master control 
room the sound signals are fed to the several moni¬ 
tor positions and to the main sound transmitter. 
Figure 12-30 shows a Western Electric standard 
sound control unit with station announcement micro¬ 
phone and pick-up turntables located in the master 
control room. It is important in the studio that the 
mechanism for moving the cameras be as quiet as 
possible. Gyroscopic controls for enforced slow 
panning are satisfactory if designed for quietness; 
however, hydraulic operation is preferred. In the 
studio, intelligent use of one or more microphones 
and of varying amplifier gain can be co-ordinated 
with the perspective of the pick-up cameras to pro¬ 
duce realistic sight and sound combinations. For 
example, when a switch is made from a close-up 
camera to a distant camera, a corresponding change 
in the sound quality should occur simultaneously 
with the shift of cameras Suitable frequency re¬ 
sponse filters may be incorporated, giving the im¬ 
pression of a shift in distance of the observer from 
the scene. 

12-14. The Motion-picture Projector—Both 
35-mm and 16-mm films are used for program mate¬ 
rial in a television station. Entire feature films may 
be used for full-length program subjects, or short 
lengths of film may be interspersed with live talent 
or remote pick-up program material. Where full- 
length feature films are desired, it is preferable to 
have two 3S-mni motion-picture projectors and two 
pick-up cameras, in order to facilitate smooth transi¬ 
tion from reel to reel for the program, since one film 
will normally run out in about 20 minutes. Much 
subject matter is now available on 16-mm film and, 
therefore, many television stations also are equipped 
with a pair of 16-mm projectors. Thus, in all, a 
station may utilize two 3S-mm projectors and two 
16-mm projectors. These projectors will operate 
into one or several special motion-picture pick-up 
television cameras. Many facilities include slide 
projectors arranged to be utilized with these same 
pick-up cameras when motion pictures are not 
being used. 

The film camera is somewhat simpler than the 
studio camera in that it may be relatively fixed in 
construction and requires no lens of its own and no 


focusing system, since it is essentially of fixed 
focus. The lens is actually a part of the projector 
and once the machine is set up there is no need for 
any adjustment of focus or direction, as is the case 
with the studio camera. Figure 12-31 shows a view 
of a 35-mm television film projector and Figure 
12-32 shows the 16 mm film projector. A film 
iconoscope pick-up camera with its sweep circuits 
and power supply is shown in Figure 12-33. Fig¬ 
ure i2-33a shows the film pick-up unit with cover 
removed showing the arrangement of individual 
units. 

A television film projector must be equipped with 
some means of converting the standard motion pic¬ 
ture frame rate of 24 pictures per second to a 
projection such that the television system may trans¬ 
mit 30 frames per second. It is also necessary that 
this transition in transmitted picture rate not upset 
the sound track, which must run through at its 
normal speed of 24 frames per second in order that 
the pitch of the sound may be natural. This con¬ 
version of 24 frames of film picture to 30 frames 
of television picture may be made in any one of 
several ways, depending upon the type of camera 
tube which is employed. The continuous projector 
is a device wherein the film moves smoothly rather 
than Intel mittently through the projector and a 



Fig. 12-31. 35 mm. television film projector. 
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Fig. 12-32. 16 nim. television film projector. 

system of prisms or lenses is caused to move alonj' 
with the film so as to cause the projected pattern to 
appear to remain stationary. With tliis type of 
projector, the scene remains at almost constant illu¬ 
mination level, depending upon the picture content 
only. Thus, tliere i.s no interval of picture-on and 
picture-off, so that there is no need for adjustment 
of synchronism between the television system and 
the number of film frames per second. Accord¬ 
ingly, with such a system the picking up of the film 
subjects by television is essentially the same as in 
the studio, where the subject matter is continuously 
present, ready for scanning. In fact, with a pick-up 
tube of the dissector type it is necessary to have a 
continuous type projector which gives uniform 
light. However, with a tube of the iconoscope type, 
where the picture mosaic has a certain storage ca¬ 
pacity, it is possible to utilize the intermittent action 
of a standard motion-picture projector, modified 
only to conform to the television scanning phases. 
By reference to Figure 12-6 which shows a com¬ 
posite television waveform, we see that the vertical 
blanking time allows a maximum of 8 percent of 
of a second between successive fields of tele¬ 
vision scanning. Use is made of this short interval 


of vertical blanking in which to project light from 
a picture frame of the film. The stored energy 
from this picture frame is left on the mosaic plate 
of the iconoscope. 

Subsequent scanning of this mosaic plate then 
converts the picture information into the corre¬ 
sponding electrical signals. During this useful pic¬ 
ture time, the projector actually is turned off by a 
special shutter. At the end of this useful vertical 
field scan interval, there is another vertical blanking 
interval during which another film picture is pro¬ 
jected through this special shutter on to the camera 
tube mosaic. 

In this way we see that 60 flashes of pictures are 
required per second. The projector mechani.sm is 
so designed that three flashes of picture light are 
obtained through one film frame before the film is 
pulled down to Its next position, and then two more 
flashes of picture light are obtained through the 
succeeding film frame. In this way two frames of 
film produce a total of five flashes of picture light. 
Two film frames running through the projector at 
the standard rate of 24 frames per second will, 
therefore, consume 2 X V 2 A second or V 12 second. 
These two film frames have been utilized in the 
interval in which %o of a second or yi 2 of a second 
has been consumed for five flashes of a picture, thus 
keeping a synchronism between the 60 fields per 
second of television scanning and the 24 frames per 
second of film motion. By use of this storage ef¬ 
fect, it is possible to allow the projector almost the 
full use of the picture-scanning interval for pull¬ 
down of film, thus making a relatively slow pull¬ 
down, which is easy on the film and prevents ripping 
out of the sprocket holes. If one attempted to pull 
dowm the film during the 8 percent of %o of a 
.second vertical blanking time, serious damage to the 
film might occur unless a special machine is used. 



Fig. 12-33. Film pickup unit with cover removed showing 
arrangement of individual units. 
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With the large size of the film in a 35-mm ma¬ 
chine, it is customary to stagger the pulldown 
mechanism so that the interval between successive 
pulldowns is slightly longer and then slightly shorter 
than the average interval over several cycles, to 
allow the projection of the 60 flashes per second to 
occur at uniform rate and yet allow an adequate 
time for pulldown. However, with 16-mm film the 
standard uniform intermittent mot ion at equal inter¬ 
vals between every frame is satisfactory, since the 
pulldown interval is quite short and the two projec¬ 
tions for one film frame and three projections for 
the second film frame may be phased properly with 
the standard pulldown mechanism. 

A television film projector differs from the stand¬ 
ard theater projector in three essential ways. First, 
the projector retjuires a special shutter having a 
very short projection interval and a long opaque 
interval. Second, the projector may require a stag¬ 
gered intermittent pulldown mechanism having non- 
uniform intervals between pulldowns. Third, the 
projector must be driven by a synchronous motor 
so that it keeps exactly on frequency and exactly at 
a predetermined and adjustable phase with respect 
to the synchronizing generator which drives the 
entire television system. The sound pick-up equip¬ 
ment from the film is standard, since the sound track 
runs through the mechanism at the normal speed. 
The .sound signals are usually led to the master con¬ 
trol sound console, where they are mixed and 
blended with other program sources. 

It is desirable to transmit the d-c component or 
average lighting level of television film signals as 
well as the slow or rapid variations of light caused 
by the scanning process over a given scene. It is 
impractical to build the video amplifier to cover a 
range all the way from d.c. to 4 me, since conden.ser 
couplings allow much more simple amplifier design. 



Fig. 12-34. DuMont S030-A portable synchronizing 
generator. 
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Fig. 12-35, Image ortliicon control and monitor unit 
(Courtesy DuMont.) 

However, in some motion-picture projector units 
a photocell is attached, which can record the average 
light level, and this signal is suitably amplified and 
connected into the pedestal control circuit to raise 
or lower the average level of white in the composite 
outgoing television signal. The monitor oscillo¬ 
scope and the shading and the level controls for 
the motion-picture pick-up equipment are frequently 
located on a control desk as shown in Figure 12-17. 
It is customary to locate the film projectors in a 
fireproof room and to project the pictures through 
openings in a wall into the pick-up camera equip¬ 
ment in a separate room. A line-monitor picture 
receiver is of great help in the projection room. 

12-15. Remote Pick-up Equipment —Equip¬ 
ment used for television pick-up outside of the 
studio is quite varied depending on the subject 
matter and the available facilities for setting up 
such equipment. 

Typical fare for remotes is sporting events of 
all types, spot news, such as parades, fires, etc., and 
indoor pick-ups, .such as concerts, plays and conven¬ 
tions. Camera chain equipment has been designed 
with sufficient flexibility to meet quite successfully 
the varying requirements of all types of remote 
pick-ups. 

The heart of the field pick-up equipment is the 
“mixer-amplifier and monitor.” From one to four 
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Fio. 12-36. Equipment and personnel employed in dual camera chain remote pickup. (Courtesy DuMont.) 


composite video sijjnals may be fed into this unit. 
This is the control point for introducing: the special 
camera effects, such as lap dissolve or fading at 
predetermined speeds. Manual push-button switch¬ 
ing provides for switching, fading, lap dissolve or 
montages. The output of this unit is fed directly 
to the video transmission line, thence to the master 
control at the studio or to a local high-frequency 
relay transmitter. The several input signals to the 
“mixer-amplifier and monitor’’ come from the 
camera control units, there being one such unit for 
each camera used. The video signal from the 
camera and the synchronizing and blanking infor¬ 
mation from the portable synchronizing generator, 
Figure 12-34, are both fed to the camera control 
unit, Figure 12-35. The two monitors on this unit 
permit the operator to observe both the complete 
picture and the composite video signal. Manipula¬ 
tion of the various controls provides proper sync 
level, focus, beam current, target voltage, pedestal 
level and video gain for the picture being delivered 
from the camera chain. Additional controls permit 
the operator to adjust his own picture and signal 
monitors for optimum operatmn. Only one syn¬ 
chronizing generator is employed with a multiple 


camera chain, its output being fed to all of the 
camera control units. 

The equipment so far described is usually located 
at some convenient point out of the way of the 
public. The cameras themselves are distributed at 
strategic locations throughout the area being tele¬ 
vised, the video signals being fed back to the camera 
control units through long cables sometimes several 
hundred feet in length. These cables also supply 
a-c and control voltages to the cameras. Figure 
12-36 shows the complete equipment and personnel 
employed in a dual camera chain pick-up. The 
camera control units for the two cameras are shown 
at the left. The operator watches both monitors 
and maintains optimum operation of the cameras at 
all times. To the right of these units is the “mixer- 
amplifier and monitor.” This operator can switch 
to either camera control unit, and controls fading, 
lap dissolves, etc. The picture on this monitor is 
the one which is sent out over the air. Just behind 
the technical operators the program director is 
seated.* A complete intercommunicating system 
makes it possible for him to speak to any of the 
other personnel. As he is able to see both camera 
control monitors, he directs the right-hand operator 
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as to which picture is to be used, etc. He can also 
suggest to the camera men certain desirable shots 
and camera angles. Figure 12-37 is a block dia¬ 
gram of a complete dual camera chain setup. 

Practically all remote cameras in use at the pres¬ 
ent time employ image orthicon pick-up tubes. This 
tube is much more sensitive than the iconoscope used 
in the studio, permitting such pick-ups as night 
baseball games, boxing and other shows. However, 
this high sensitivity in the image orthicon is 
achieved at the expense of the contrast character¬ 
istic, often resulting in inferior resolution at low 
light levels. Section 12-S, Television Cameras, 
gives a more complete description of the image 
orthicon tube. 

For best operation, the remote pick-up equipment 
should be fed from a standard public utility power 
system. However, it is possible to obtain satisfac¬ 
tory results with a well-regulated gasoline-engine- 
driven, 117-volt 60-cyclc generator. In addition to 
good regulation, it is also necessary that the fre¬ 
quency of the portable generator be highly con¬ 
stant and maintained as closely to 60 cycles as pos¬ 
sible. Failure to maintain the power source at 60 


cycles may result in receivers slipping out of syn¬ 
chronism since their range of accommodation is 
rather limited. It is desirable to keep the residual 
hum in the entire system to a minimum; thus the 
60-cycle power frequency should be maintained 
within reasonable tolerance, since the remote pick-up 
signals are to be transmitted back to the main trans¬ 
mitter location and radiated through a system in¬ 
volving further 60-cycle hum in the transmitting 
equipment. 

Figure 12-38 shows a typical remote operations 
vehicle. Everything required for a pick-up, except 
the 117-volt power supply, is contained in the truck. 
The roof platform permits setting up two cameras 
to cover spot news events, while the remainder of 
the equipment is being operated inside the vehicle. 
Where the pick-up involves a semi-permanent setup, 
as at a baseball game, the truck is used simply to 
transport the equipment and crew to the scene of 
operations at which point the equipment is unloaded 
and set up as shown in Figure 12-36. 

12-16. Relay Transmitter and Receiver —Since 
the remote pick-up equipment may be used in widely 
different locations on short notice, it is desirable to 



Fig. 12-37. Block diagram of complete dual camera chain setup. 
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Fig. 12-38. Typical remote operations vehicle. 


provide a number of channels whereby the remote 
pick-up signals can be sent back to the main trans¬ 
mitter. Where a regular schedule of pick-ups is 
planned, as for example, from a sports arena, it is 
possible to install coaxial cable facilities or care¬ 
fully chosen telephone line pairs and to utilize 
suitable line amplifier terminal equipment. With 
such facilities, the television signal can be fed 
from the remote pick-up equipment line amplifier 
directly into such terminal units and sent back 
directly to the master control unit at the main trans¬ 
mitter. However, for special-use pick-up or occa¬ 
sional field events, it is desirable to use a wireless 
relay link. 

A wireless relay transmitter such as the one 
shown in Figure 12-39 may be of relatively low 
power and, since the transmission is to a specific 
point, a highly directional antenna may be em¬ 
ployed. Such relay transmitters may operate on 
frequencies of 6800 to 7050 me. A power of 
under one watt is generally satisfactory for a dis¬ 
tance of several miles, using high-gain antennas 
which provide better signal-to-noise ratio at both 
receiving end and transmitting end. This antenna, 
usually parabolic, gives a power gain of 5000 and 
may be four or six feet in diameter. It is custo¬ 
mary to use a relay transmitter channel approxi¬ 
mately 20 me wide. 


The transmitter oscillator, a type 2K26 Klystron, 
is mounted in tlie shielded compartment behind the 
dish. It is frequency modulated by varying the 
reflector voltage at video frequency. Normal devi¬ 
ation is approximately 8 me with polarity such that 
video signal in the white direction causes an in¬ 
crease in transmitter frequency. 

The receiver chassis consists of the heterodyne 
oscillator, the first detector and four i-f stages of 
the receiver. The heterodyne oscillator is a type 
2K26 Klystron, designed for operation in the band 
6800 to 7050 me. This oscillator beats with the 
incoming frequency to provide (in the crystal first 
detector) a difference frequency in the i-f bands of 
110 to 130 me. Four stages of i-f amplification 
follow, and the output of the fourth stage is fed to 
the receiver control unit which amplifies it for the 
discriminator circuits. Each of the two discrimi¬ 
nator channels contains a limiter circuit, a balancing 
circuit, and the discriminator circuit proper. The 
first channel supplies video signal to the video 
amplifier and the second is used to generate a con¬ 
trol voltage for the AFC amplifier. 

12-17. Color Television —The transmitting and 
receiving equipment which is designed to accommo¬ 
date color television utilizes many of the basic prin¬ 
ciples of black-and-white systems, but generally it is 
more complex. A number of laboratories have done 
extensive work in color television. 





480 


RADIO MANUAL 



Fig. 12-.19. Wireless relay transmitter. (Courtesy RC \ ) 


Fundanicntally, a black-and-white television sys¬ 
tem utilizes a sin^jle television broadcast channel to 
reproduce various shades of gray. A color tele¬ 
vision system must not only reproduce varied inten¬ 
sities of light but must also portray the various hues 
encountered in nature. The most promising systems 
for color television employ the three-color method 
whereby the throe primary colors—red, blue, and 
green—are transmitted in sequence in varying inten¬ 
sities. The three primary colors are then repro¬ 
duced on the receiver screen so that the human eye, 
which views the picture, will reconstitute appropriate 
balances between them, enabling the perception of 
other intermediate colors. The result is that color 
television systems generally require three times the 
bandwidth as compared with black-and-white tele¬ 
vision or else a sacrifice must be made in geometric 
resolution. Some promising methods employ multi¬ 
ple interlace principles or a combination of line 
interlace and dot interlace to conserve bandwidth. 

Three basically different methods of color tele¬ 
vision transmission arc under active development 
employing different rates of switching as to color 
sequence. These are termed sequential color tele¬ 
vision systems. These three sequential color sys¬ 
tems may be briefly designated as field sequential 


color television, line sequential color television, and 
dot sequential color television. 

The field sequential system switches colors after 
each vertical scan or field. The line sequential sys¬ 
tem switches colors after each line or horizontal de¬ 
flection has taken place. The dot sequential system 
switches colors after each dot or picture element of 
the picture is produced. 'J'lius, it can be seen that 
the field sequential system switches colors at a rela¬ 
tively low rate, for example, at 100 to 200 cycles 
per second. The line se(]uential system switches 
colors at a rate of the horizontal scanning, or per¬ 
haps 10,000 to 35,000 times per second. The dot 
sequential system switches at a rate of reproduction 
of the individual picture elements which may be at a 
rate of 3,000,000 to 15,000,000 times per second. 

In some systems the following rates have been 
used. The field sequential system uses a switching 
rate of 144 vertical scans per second, the colors suc¬ 
ceeding one another in a red, blue, and green se¬ 
quence. The line sequential system uses a switching 
rate of 15,750 lines per second succeeding one an¬ 
other in a red, green, and blue sequence. The dot 
sequential system uses either a 3.6 me or 3.8 me color 
keying wave which results in an actual switching 
rate of approximately 11,000,000 cycles per second, 
the sequence being red, blue, and then green dots 
along a given line of the picture 

Color television has not yet reached a coniinercidl 
status because of its greater complexity than lilack- 
and-white transmission and because of the practical 
problem of making color compatible with black-and- 
wdiite standards. 

To reduce flicker, it has been found necessary in 
experimental work to employ field scanning rates as 
high as 144 to 180 fields per second for color tele¬ 
vision of the field sequential type. We have already 
noted that black-and-white broadcasting employs 60 
vertical scans per second (or 50 vertical scans per 
second, primarily in Europe). Therefore, the verti¬ 
cal and horizontal scanning rates are different in 
field sequential color than in black-and-white tele¬ 
vision, presenting a problem in adapting equipment 
for both color and black-and-white operation. 

In line sequential or dot sequential systems of 
color television, there are also compatibility prob¬ 
lems. It may be possible to work out systems such 
that the standard black-and-white vertical and hori¬ 
zontal scanning rates of 60 and 15,750 per second 
respectively may also be used for color television. 
If so, apparatus designed for black-and-white recep¬ 
tion can also receive the color transmissions in black- 
and-white. 

There are further problems in color television as 
compared with black-and-white in addition to those 
of scanning rates. A color system using a non- 
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synchronous scanning rate, such as 144 cycles rather 
than 60 cycles for vertical scanning, requires con¬ 
siderable extra precautions as to filtering of power 
supplies and shielding of equipment. Color appa¬ 
ratus requires special precautions with respect to 
registration or superposing of the three primary 
images. The field sequential system can employ a 
single cathode-ray tube with rotating color filters, 
thus minimizing the registry problem. The line se¬ 
quential and dot sequential systems as frequently 
utilized employ several colored phosphor surfaces 
upon which the pictures appear, thus requiring an 
optical means of providing .superposition for view¬ 
ing of the blended colored pictures. 

Some apparatus of the field sequential type em¬ 
ploys a single image orthicon camera tube in front 
of which a multi-segment color filter rotates me¬ 
chanically at a synchronous rate to provide the field 
colors at the correct speed. Then color mixing fa¬ 
cilities in separate amplifier channels with electronic 
switching blend the several components to produce 
colored pictures. Some line sequential systems uti¬ 
lize a single camera with three separate areas excited 
through suitable color filters. The dot sequential 
system customarily uses three separate camera tubes 
on which the three images are registered by the use 
of a single lens and dichroic mirrors. At the receiv¬ 
ing point, three separate cathode-ray tubes can be 
used for so-called direct 7'icu' by means of the three 
tubes being suitably placed with respect to dichroic 
mirrors so that the observer can see the several 
tubes, some directly through the mirrors, and others 
by reflection from the surfaces of the mirrors. 

'Inhere is a practical problem of channel allocation 
with regard to color television, it being desirable, of 
course, to utilize 6-mc channels or channels of ap¬ 
proximately this width for broadcasting of color pic¬ 
tures in order to make these systems more compatible 
with black-and-white. Additional spectrum space is 
needed for either black-and-white or color television, 
and it is perhaps available for commercial use in 
the UHF region of the spectrum. 

12-18. The Sound Transmitter—The television 
sound transmitter operates about a carrier fre¬ 
quency located 0.25 me below the upper edge of the 
assigned 6-mc television broadcast channel. Figure 
12-40 shows a view of a sound tran.smitter deliver¬ 
ing approximately 2 V 2 kw of power. This trans¬ 
mitter delivers its signals through a single coaxial 
cable to the diplexer, which is described in para¬ 
graph 12-22. 

The television sound transmitter utilizes fre¬ 
quency modulation. Figure 12--40a shows a view 
of tlie F-M exciter unit. Such an exciter unit may 
use the phase modulation principles or may use a 
reactance-tube modulator circuit. Crystal control 
is employed in the transmitter. F-M transmitters 
are treated in more detail in Chapter 7. 
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Fig. 12-40. 2.5 kw. television sound transmitter. 

(Courtesy RCA.) 

12-19. The Picture Transmitter— Television 
picture transmitters employ amplitude modulation 
and in view of the fact that the video or picture 
signals contain frequencies all the way from 30 
cycles per second up to 4^/^ million cycles per sec¬ 
ond, it is desirable that the carrier frequency for 
the picture transmitter be at least several times the 
top video frequency of the modulation. It is, there¬ 
fore, customary for a television picture tran.smitter 
to operate on a carrier frequency of 40 me per 
second or higher. Each television station is as¬ 
signed a 6-mc channel. In this 6-mc channel must 
be tran.smitted the picture information and the 
sound information. As already stated, the sound 
transmitter is located at a frequency 0.25 me below 
the upper edge of the 6-inc assigned channel. An 
additional small frequency band is required below 
the sound carrier freciuency as a guard band be¬ 
tween sound and picture. If this guard band is 
another 0.25 me that takes 0.50 me away from the 


482 


RADIO MANUAL 



'-tM 


Fig. 12-40a. Television F-M sound exciter and lower 
power transmitter. (Courtesy DuMont.) 

entire 6-nic band and leaves only 5.5 me for trans¬ 
mission of the picture information. 

As stated previously, amplitude modulation is 
employed for the picture transmission. The top 
video frequency which may he transmitted by the 
picture transmitter is about 4.25 me. In the nor¬ 
mal double side-band transmission a bandwidth of 
the picture alone of 8.5 me would thus be required, 
or a value of 4.25 me each side of the picture car¬ 
rier frequency. Obviously, an 8.25-mc band is not 
available within the 6-mc channel. Instead, use is 
made of vestig^ial singfle-sidc-band transmission. 
The picture carrier is placed 1.25 me above the 
lower edge of the assigned 6-mc channel. This is 
illustrated in Figure 12-S. A portion of the lower 


side band of the picture information is transmitted 
and the entire upper side band is transmitted in the 
region of 4.5 me between the picture carrier and 
the sound carrier, the last quarter megacycle being 
used as a guard band between picture and sound, 
the picture information being attenuated away so 
as not to interfere with the sound signals. 

In the 1.25 me below the picture carrier it is 
possible to attenuate or reduce the lower side band 
energy substantially to zero by the time the lower 
edge of the 6-nic channel is reached. It is impera¬ 
tive that this attenuation of the lower side band be 
done with considerable care in order that transient 
or distortion characteristics are not introduced into 
the picture information. Some forms of transmit¬ 
ters accomplish this attenuation of the lower side 
band by careful band-pass shaping through several 
stages of tuned circuits in the coupling between 
successive amplifiers, beginning at the low-lcvcl or 
low-powered stages. Other forms of transmitters 
generate the r-f signals with double side band char¬ 
acteristics clear up through the final amplifier stages 
and then insert a lower side band attenuating filter 
network in the transmission line between the output 
tank circuit and the antenna. 

Where 4.25-mc modulating signals are applied to 
a 50-mc carrier, for example, a relatively low Q 
circuit is required in order that equal fidelity may 
be obtained for both high and low modulating fre¬ 
quencies. This 4.25-mc modulation on a 50-mc car¬ 
rier is a far lower Q requirement than is possible 
with standard broadcast, where, for example, 5-kc 
modulation may be employed on a 1-mc carrier. 
For example, the television ratio is about 4 parts 
to 50, and in standard broadcasting the ratio is 5 
parts to 1000. Thus in television, where wide band 
pass is required, it is customary to overcouple the 
circuits so that a wide and flat band pass may be 
accomplished. In some forms of transmitters it is 
the practice to utilize only a single modulated am¬ 
plifier stage wherein the picture modulation is 
accomplished in the final or output stage. 

A diagram illustrating a television picture trans¬ 
mitter is shown in Fig. 12-41. Figure 12-42 shows 
the complete video transmitter of WTTG, Washing¬ 
ton. Cabinets to the left contain the crystal oscil¬ 
lator stages and the low-powered amplifier stages 
in which modulation occurs. The larger cabinets 
to the right contain the power amplifier stages, the 
power supplies and the output stages. A crystal 
oscillator stage operating at the relatively low fre¬ 
quency of 5 to 10 me is fed through several doubling 
or tripling stages to generate the station picture 
carrier frequency. This carrier-frequency energy 
is then applied to the grids of the first modulated 
stage of the transmitter. Figure 12-43 shows a 
video driver stage, the r-f exciter link, and the asso¬ 
ciated power supplies. The video signals are sup¬ 
plied from the master control room by means of a 
coaxial cable fed from the line amplifier or a sync 
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Fig. 12-41. Block diagram illustrating television picture transmitter. (Courtesy DuMont.) 
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Fig. 12-42, Video transmitter of television station WTTG, Washington showing 5-kw. amplifier, 
low-powered stage, and heavy duty power supply for S-kw. stage. 


Stretcher. On this coaxial cable appear the tele¬ 
vision signals consisting of video components and 
synchronizing components, as previously described 
and as illustrated in Figure 12-6. 

The transmitter shown here is modulated at low 
level, and side-band filtering is accomplished by 
band shaping in several successive amplifier stages. 
Units shown in Figure 12-44 illustrate the exciter 
and r-f amplifier which takes the video signals from 
the coaxial cable line and brings them to a sufficient 
level, so that they may be used to modulate the grid 
circuit of the r-f amplifier. A constant amount of 
carrier frequency voltage is coupled inductively 
into the grid tank circuit of the first modulated 
stage. This grid tank circuit is then driven at 
video-frequency voltage up and down to such an 
amount that, on peaks of synchronizing, the r-f 
tubes arc driven to nearly zero bias whereas, on the 
peaks of white, they are driven to nearly complete 
cutoff. 

The television system is single ended as to carrier 


modulation or works entirely from the blacker-than- 
black peak of synchronizing level down through 
black and toward white, which is minimum carrier 
amplitude. Thus it is necessary that the video 
modulating amplifier have some means for inserting 
the d-c components. This is accomplished by direct 
coupling between the video amplifier stage and the 
grid tank circuit of this first r-f modulated amplifier 
stage. In the grid circuit on this last video ampli¬ 
fier stage a d-c leveling diode is connected so that 
the video signals operate from the fixed level of the 
synchronizing peaks. This means of maintaining 
the d-c level of a big transmitter is illustrated in 
the schematic diagram of Figure 12-45. 

Figure 12-44 shows a 500-watt exciter unit con¬ 
sisting of a crystal-controlled exciter, power sup¬ 
plies, modulator, and modulated amplifier. Note the 
video sweep generator in the center of the trans¬ 
mitter frame for use in testing while obtaining the 
pass band characteristics. Figure 12-46 shows the 
linear amplifier and the final output stage of the 
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amplifiers. This supply delivers S amp at 3000 
volts, although the voltage can be varied by the 
motor driven variac control. 

Another transmitter, Figure 12-48, is of radically 
different design from that described above and em¬ 
ploys narrow-band multipliers up to the final stage 
and employs high-level modulation at the grid of 
the final stage. The undesired portion of the lower 
side band is removed l)y a high-level filter in the 
antenna transmission line instead of band-shaping 
circuits. 

The final stage employs a water-cooled double 
tetrode, type 8D21, of unusual design, shown in 
Figure 12-49. Distilled water, supplied at a rate 
of about 1.7 gallons per minute, is forced through 
the plate, as well as through both control and 
screen grids, which are hollow. Water is also ap¬ 
plied to the filament seals. This thorough-going 




Fig. 12-43. Video driver stage, the r-f exciter link and 
associated power supplies. (Courtesy DuMont.) 

picture transmitter. Both of these stages are air 
cooled. The intermediate power amplifier stage 
employs a push-pull pair of WX3300 tubes and the 
output stage employs a pair of WX3300 tubes. 

The transmitter of station WTTG shown in Fig¬ 
ure 12-42 operates on the channel from 76 to 82 
me, and use is made of cathode drive of the output 
stages and also the intermediate stages, wherein the 
grids are by-passed directly to ground. The 
grounded grid circuit used gives a very low input 
impedance which provides the necessary wideband 
circuit loading without wasting power. The push- 
pull output of the final stage is converted to single- 
ended connection (necessary for the coaxial trans¬ 
mission line to the antenna) by passage through a 
balanced-to-unbalanced converter (bazooka) as 
shown in Figure 12-46. Figure 12-47 illustrates 
a 3-phase power supply for the video transmitter 



Fig. 12-44. 500-watt video exciter unit consisting of 
crystal controlled exciter, power supplies, modulator, and 
modulated amplifier. (Courtesy DuMont.) 
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Fig. 12-45, Schematic showing means of maintaining d-c level of large transmitter. 


cooling system permits the tube to be operated at 
the very high plate dissipation of 370 watts per 
square centimeter of anode surface. 

The vestigial side band filter is essentially three 
filter sections constructed of coaxial line. Two of 
the sections are wi-derived units, one for passing a 
portion of the lower side band energy to a water- 
cooled terminating resistor, the other for sharpening 
the cutoff at the edge of the upper side band. The 
third filter .section is a notch filter for removing any 
picture-signal energy at the frequency of the sound 
channel of the next lower television channel. The 
notch filter also dissipates its energy in a water- 
cooled resistor. All elements of the side band filter 
are constructed of 3V8-iuch, 72-ohm coaxial line. 

12-20. Transmitter Monitor Facilities— 
Throughout the picture transmitter, use is made of 
conveniently located pick-off diodes, beginning at 
.the first modulated r-f stage and going up through 
the intermediate power amplifier stages and the final 
output stage to the antenna circuit. These diodes 
pick off a small amount of energy from these 
stages and rectify the envelope of the signal and 
deliver the test signals as video frequencies over 
coaxial cables to the main monitor unit in the 
transmitter room. 

Figure 12-50 shows a view of the transmitter 
monitor desk, illustrating the monitor picture tube 
and the monitor oscillograph with facilities for 
switching of these to appropriate circuits through¬ 
out the transmitter so as to view the pictures as 
they progress through the transmitter. Such moni¬ 
tor facilities assist greatly in tuning up the trans¬ 
mitter and in determining that the stages remain in 


proper tune during normal operation. It is neces¬ 
sary that a good picture be available at each monitor 
stage in order that the over-all fidelity of the trans¬ 
mitter be maintained. For example, the front porch 
and the peaks of synchronizing and the back porch 
of the synchronizing waveform must be carefully 
maintained. If, however, some one stage of the 
transmitter is so tuned that it accentuates certain 
frequencies, these square waveforms may have sharp 
tails produced by this erroneous tuning. Once these 
tails have been introduced in one part of the trans¬ 
mitter they may become saturated in later stages, 
and it is thus impossible to equalize certain signals 
back to the proper waveshape in the final radiation. 
These successive monitor diodes, therefore, are 
quite important in the initial adjustment of the 
transmitter and in observing the normal operation. 

In the final tank circuit of the power output 
stage, it is possible to incorporate a cathode-ray 
tube which is operated directly at radio frequency. 
A small pick-up loop is coupled to the output tank- 
circuit and is connected by coaxial cable to a special 
cathode-ray oscillograph having a cathode-ray tube 
with very low capacitance deflection plates, such as 
Du Mont type 287, Figure 12-51. 

Precautions must be taken in installing the r-f 
monitor oscilloscope; the circuits should be well 
neutralized, and the r-f signals should introduce only 
vertical deflection without horizontal components in 
the cathode-ray tube. The horizontal deflection 
circuits of the cathode-ray tube are connected to 
standard sweep circuits which may be synchronized 
internally to the 60-cycle power main for most of 
the observation, since the 60-cycle envelope of the 
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Fi(. 12-46. Second linear amplifier and final output 
«;tagc of ttUvision picture “i-kvv transmitter. (Courtesy 
DuMont ) 


field frequency-component is probably the most gen¬ 
erally observed waveform. However, it is desirable 
also to provide for time base synchronization with 
the video frequency signals, so that observation 
may be made of the picture horizontal frequency 
envelope. Figures 12-52 through 12-58 illustrate 
several r-f envelope pictures photographed from 
the face of an r-f monitor oscilloscope such as 
shown in Figure 12-51. These pictures represent 
the principles of a television system although some 
were taken with the 500-kc verticle sync pulse. 
Only by observation of this r-f monitor pattern on 
the output stage of the transmitter is it possible to 
determine without doubt that the transmitter is 
modulating clear down to zero carrier on the peaks 
of white. Some transmitter designs will allow more 
complete modulation to zero carrier amplitude on 
the white than others, depending upon the degree 
to which it is possible to neutralize the amplifier 
push-pull stages. It can be seen from Figure 12-56 
or Figure 12-58 that certain types of picture signals 


are able to modulate this transmitter well within the 
IS percent carrier required by standard number 13. 

\ television signal may be largely black or largely 
white, depending upon the particular scene, and thus 
the average radiated carrier energy is not constant, 
as in the case of sound broadcasting. It is there¬ 
fore customary to rate television transmitters on 
their peak power, which is maintained constant on 
the peaks of picture synchronizing. The r-f moni¬ 
tor oscilloscope may be utilized for determining the 
constancy of peak output power once it has been 
suitably calibrated and provided its coupling is not 
changed. However, another means must be em¬ 
ployed in making an initial calibration of the power 
output. Usually the transmitter is set up on the 
dummy load and the peak power determined as in 
Section 12-21. Another method of checking modu¬ 
lation is that in which the diode is intermittently 



Fig. 12-47. Three-phase power supply for video 
transmitter. (Courtesy DuMont) 
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Fig. 12-48. RCA television transmitter. 


shorted out, giving a zero reference level on the 
rectified video signal. 

An ideal receiver is used to monitor the trans¬ 
mitter at all times. This receiver has its pass-band 
and transient response standardized by R.M A. 
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Fio. 12-49, Water-cooled double tetrode. 
(Courtesy RCA.) 


12-21. Picture Transmitter Power Measure¬ 
ments—The direct method of measuring the 
power of a television transmitter consists of using 
a dummy load of the same characteristic impedance 
as the transmission line and measuring the tempera¬ 
ture rise and number of gallons per minute of the 
cooling water flowing along the dummy load resistor. 
The peak power of the transmitter is obtained by 
measuring the average power on a black picture and 
multiplying this figure by 1.68 to get the peak power 
The following formulas show how the average 
power and peak power arc obtained. 

average P = 0.263(rout — r,n)G/min. 
peak P = average P X 1.68 
where P = power in kilowatts 

T = temperature in degrees centigrade 
G = gallons of water 

The indirect method of power determination may 
be applied to television transmitters. For ex¬ 
ample, the input volts and input amperes to the 
final power amplifier stage may be read directly 
from the meters. A conversion efficiency varies 
from 20 to 50 percent for this final stage. 

However, it is desirable that some method other 
than the indirect one be utilized for television trans¬ 
mitters. In a specific case, one 72-ohm coaxial 
transmission line takes the signal to the antenna. 
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Fig 12-50 Transmitter monitor desk (Courtesy DuMont ) 



Fic 12-51 R-f waveform monitor (Courtesy DuMont.) 
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Power measurements may be made on the coaxial 
transmission line if suitable precautions have been 
taken to determine that no standing waves of appre¬ 
ciable magnitude exist on the transmission line. 
Somewhere along the transmission line a simple 
low-capacitance diode is connected directly to the 
center conductor. This diode then detects the peak 
r-f signal which is transmitted over this cable. A 
filter circuit of long time constant is employed in 
the output of this diode and thus the diode becomes 
a peak-reading voltmeter as shown in the schematic 
circuit of Figure 12-59. The television signal has 
peak power on the picture synchronizing peaks. 
The d-c reading may be observed at some remote 
point on the control panel. The table of Figure 
12-60 illustrates typical readings, including the final 
plate current and final plate voltage. These values 
may be compared with the photographs of the spe¬ 
cific waveforms of the picture being transmitted. 

In the general case, the following definitions and 
illustrative symbols may be utilized in computing 
the average effective radiated power of a television 
picture transmitter. 


Fig. 12-54. Oscilloflrraph video frequency waveform for a 
picture consisting of uniform gray background. 
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Fig. 12-52. Oscillograph pattern showing video fre¬ 
quency waveform for a black picture (super synchronizing 
only). 





Fig. 12-55. R-f waveform of television tran.smittcr out¬ 
put for gray background picture illustrated in Figure 
12-54. 

Pi = Effective radiated power on peaks of syn¬ 
chronizing. 

P 2 = Average radiated power for a black picture. 

Ps = Average radiated power for a completely 
white picture. 

Ftl *= Efficiency of the transmission line. 

Apo = Antenna power gain. 

Pa = Power delivered by transmitter to trans¬ 
mission line on peaks of synchronizing. 

£1 = Peak voltage indicated by diodes on trans¬ 
mission line. 

Et — rms value of r-f voltage on transmission line 
on peaks of sync. 

Ztl * Impedance of transmission line. 

Ip *» Plate current in final r-f stage. 

Ep = Plate voltage in final r-f stage. 

Pb « Plate input watts. 


Fig. 12-53. R-f waveform of picture transmitter for 
black video signal shown in Figure 12-52. 


Then 


£2 « 0.707£i 

Ztl = 72 ohms 
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Fig. 12-56. R-f envelope for television picture which is 
just a white uniform background. 




Fig 12-S7 Video waveform for a test pattern, on a 
tune base showing two horizontal line intervals. 

For example, if we have a delivered peak d-c 
voltage of /i] = 750 volts, wc have a peak r-f volt¬ 
age of 750 volts across 72 ohms This corresponds 
to an rms value of r-f voltage of = 0.707 Hj, or 
r-f voltage on synchronizing peaks of £2 = 530 rms 
volts across 72 ohms. Thus the power delivered to 
the transmission line on the peaks of synchroniz¬ 
ing IS 

P, = = (530)’*. H- 72 = 3900 watts peak 

Ztl 

This rms value of delivered power on the peaks 
of synchionizing is delivered by the transmitter to 
the transmission line. However, we have a loss in 
the transmission line, which is approximately 150 
feet long, of approximately 5 percent in power ab¬ 
sorbed by the line Therefore, there is delivered to 
the antenna system X F 4 or 0 95 X 3.90 kw 
= 3.70 kw. The antenna array is a three-section 
batwing super turnstile equivalent to six simple 
turnstile bays giving an omnidirectional coverage as 
described in a succeeding paragraph. The array 


has a power gain of Apo = 4 and thus the effective 
radiated power from the antenna on peaks of syn¬ 
chronizing is 


P\ = Apo X Ftl X Pi or 4 X 3.70 kw = 14.8 kw 


To determine the average television power wc 
must consider carefully the composite television 
waveform of Figure 12-6. The average power radi¬ 
ated depends on the particular scene being trans¬ 
mitted. For example, if the picture is faded down 
completely to black, the peak power will be the 
same as though the picture were completely white, 
but the average power will be widely different for 
these two conditions, as can be seen by the large 
variation in input power or input current to the 
final stage of the television transmitter shown in 
the table of Figure 12-60. The photographs of 
the r-f envelope for the pictures in Figures 12-53 
and 12-56 illustrate the conditions for a black pic¬ 
ture and a picture which is almost completely wliite 
respectively. In Figure 12-52 can be seen a photo 
of the video frequency waveform for a picture 
which is completely black. In considering this 
table it would be well to refer back to Figures 12-57 
and 12-58 which deal with video and r-f waveforms 
for test pattern and which were discussed above. 

For the condition when the television program is 
faded to complete black, the power calculation may 
be made as follows. The front porch and back 
porch levels of the synchronizing signal correspond 
to 75 percent of the transmitter peak carrier voltage 
as seen in Figure 12-6. When the picture is faded 
to black, the entire video signals are also at this 
level. Only the horizontal and vertical synchroniz¬ 
ing signals project upward from this level to 100 
percent carrier voltage amplitude and thus tend to 
raise the average voltage above the 75 per cent 
level. The horizontal synchronizing pulse lasts for 
8 percent of the time of a horizontal line. During 
the vertical blanking interval the vertical synchro- 
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Fig. 12-58. Composite r-f waveform for test pattern 
showing that synchonizing peaks remain at the same ampli¬ 
tude as with gray or black steady level. 
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nizing information consists of equalizing pulses and 
vertical synchronizing signals. Two equalizing 
pulses are equivalent in energy to one horizontal 
synchronizing pulse. It is, therefore, necessary 
only to consider the additional energy included in 
the vertical super-synchronizing long-duration 
pulses of which there are six half-line pulses during 
each vertical blanking interval; hence, six occur 
during each television field interval. Thus these 
vertical pulses further raise the average voltage 
level on a black scene. 

The value E 2 equals the rms value of r-f voltage 
on transmission line on peaks of sync and corre¬ 
sponds to the 100 percent voltage amplitude. Then 
if £3 equals rms value of the average radio¬ 
frequency voltage for a black picture, we have: 

Kz 0.757i2 “1“ 0.08 X 0.257^2 (from the horizontal 

synO + X (t.OO - 0.08 - 2 X 0.07) 

X 0.257i2 (from the vertical sync) 

■("•“ +rob 

7i3 - 0.7727^2 

Thus for 7^2 ecjualing average radiated power for 
a black picture we have: 



« (0.772)2Pi 

Pa = 0.596P, = 0.596 X 14.8 kw = 8.82 kw 

Now let etjual rms value of the average r-f volt¬ 
age for a completely white picture. Here the car¬ 
rier voltage drops to zero during all of the useful 
line time (if the transmitter is capable of full 
modulation, the standard requiring a drop to IS per¬ 
cent voltage or less). From Figure 12-6 and the 
table of Figure 12-19 we see that there are 245V2 
useful lines per field, considering 6 % percent verti¬ 
cal blanking. A useful line lasts 84 percent of a 
horizontal line interval. Thus these 245^/^ useful 
lines per field drop the voltage from the 75 percent 
amplitude level to the 0 percent amplitude level. 

£4 « 0.772E2 - 0.75 X ^ X 0.84£2 

» 0.772E, ^ 0.75 X 0.935 X 0.84£2 
« 0 . 772£2 - 0.589E2 

£4 « 0.183£, 


7i3 = 0.75 -f 0.25 


Then 



Ps = 0.0335Pi = 0.0335 X 14.8 kw = .496 kw 

Thus the average effective radiated power from a 
television station may vary from about 3 to 60 
percent of its peak power, depending upon the na¬ 
ture of the picture. 

Therefore, on a completely white picture we have 
a different average carrier voltage. Here the car¬ 
rier voltage is zero during all of the useful line 
time. Let us assume that vertical blanking lasts 
for 7 percent of a vertical field interval. The hori¬ 
zontal blanking lasts for 16 percent of a horizontal 
line scanning interval. Thus the carrier is at zero 
amplitude. 

Caution must be exercised in the operation of the 
television picture transmitter to maintain the radi¬ 
ated carrier envelope within closely specified toler¬ 
ances. The pedestal (or front and back porch levels 
of synchronizing) must be maintained at 75 percent 
of peak radiated carrier. As the power drain varies 
in the transmitter dci)ending upon the white content 
of the picture, it is sometimes necessary to alter 
the driving power in the input r-f circuit, since the 
regulation in the heavy-duty rectifier for the final 
stage cannot be perfect. Furthermore, the r-f am¬ 
plifier circuits tend to saturate somewhat on the 
peaks of synchronizing because of the curvature of 
the amplifier tube characteristics. It is, therefore, 
customary to supply the video signal over the coaxial 
cable from the master control line amplifier at a 
level somewhat greater than 25 percent of the over¬ 
all video signal. In some transmitters it is neces¬ 
sary that the amplitude of the synchronizing compo¬ 
nents be made as high as 40 percent of the overall 
video amplitude when pictures contain peaks of 
white. In this way, a portion of the 40 percent is 
available for compensation when the transmitter 
fails to modulate completely to zero carrier on the 
peaks of white. Another portion of this 40 percent 
may be consumed by saturation of the transmitter 
on peaks of synchronizing. 'However, the ultimate 
check on the 75 percent level for picture components 
and 25 percent additional level for synchronizing 
must be made on the r-f monitor or on a detecting 
diode which has been previously carefully calibrated 
from the r-f monitor and which carries the d-c 
component or residual carrier level corresponding 
to white in the picture. 

The maintaining of proper distribution of ampli¬ 
tude levels between picture components and syn¬ 
chronizing components becomes somewhat more 
difficult when several relay transmitters arc in¬ 
volved between the original camera equipment and 
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the final broadcast transmitter. I^'or example, it is 
customary to pick up television projjrams from one 
broadcasting station and amplify them and rebroad- 
cast Jifcm from a second station. Presumably, the 
sign® from the first broadcasting station may have 
the proper ratio of 75 percent picture to 25 percent 
synchronizing or 100 percent peak carrier voltage 
level. When such signals are received for rebroad¬ 
cast purposes it is often necessary to employ a so- 
called sync-stretcher circuit in the amplifier chain. 
Such a circuit may be incorporated in the form of 
a cathode-follower amplifier, which somewhat com¬ 
presses the picture components as they extend to¬ 
ward the white, thus accentuating in relative fashion 
the amplitude of the synchronizing signal. In some 


cases the synchronizing signals are actually skimmed 
olT and carried tlirough a separate amplifier channel 
and arc reinserted on the picture signals at an 
appropriate amplitude. A typical sync stretching 
unit is Du Mont type 5057A as shown in the block 
diagram, Figure 12-61. This unit permits restora¬ 
tion of low-frequency response, removal of hum 
interference or low-frequency transients, and re¬ 
moval of sync tip modulation by use of special 
clamping circuits. The purpose of accurate mainte¬ 
nance of the standard of synchronizing may be more 
clearly understood in the discussion on I'elevision 
Receivers. 

12 -22. Transmitting Antenna—In many tele¬ 
vision installations the television transmitting an- 


Fig. 12-60 
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tenna consists of a super turnstile. This antenna is 
essentially a type of conventional turnstile antenna, 
but the shape of the radiators is such that the re¬ 
quired batulwidth characteristics are obtained. The 
transmitting antenna of television station WABD, 
New York, shown in Figure 12-62, is such a super 
turnstile antenna. It is a three-bay arrangement 
with six pairs of “batwings” designed for omni¬ 
directional coverage. In some specific locations the 
antenna may be directional if, for example, the 
transmitter is located on the side of a mountain and 
all of the service is in one given direction. 

The turnstile antenna is fed by a pair of 51.9-ohm 
coaxial cables. I'hese terminate in the diplexer 
which is a device to allow feeding both the visual 
signal and the aural signal to the turnstile without 
crosstalk. A high band diplexer for channels 7 to 
13 is shown in Figure 12-^3. This diplexer may 
be considered a bridge circuit as shown in the 
diagram, Figure 12-64. 

The super turnstile antenna system has a very 
broad bandwidth as is necessary in order to keep 
the broad band characteristics of the entire trans¬ 
mitter from being vitiated. This type antenna is 
used for both sound and picture transmission. It 
has a power gain of approximately four on the 
low band television channels; the pole height is rela¬ 
tively small for this power gain. 

Another type of video antenna is illustrated in 
Figure 12-65. This type of antenna has been in¬ 
stalled on top of the Empire State Building in New 
York for station WNBT. The four bottom ele¬ 
ments on the antenna are wide band turnsiiles which 


carry both picture and sound. The power gain of 
this antenna is 3.3. 'J'hc two triads above the turn¬ 
stiles are WNBC-FM elements which approximate 
two loops in performance. 

12-23. Routine Operating and Maintenance 
Procedures^—With the advent of television the 
radio engineer finds his duties multiplied manifold. 
In addition to his regular crew of broadcast men, he 
has added to his staff technical directors, video engi¬ 
neers, motion picture operators and men who operate 
the cameras, lights and mike booms. 

The transmitter man now has two transmitters to 
operate as one unit; his vigilance and alertness will 
increase twofold. 

The sound man, or gain rider, will find his duties 
more exacting, more exciting, and his sense of hear¬ 
ing as well as his sense of sight will have to be co¬ 
ordinated so that his cues will come in “on the 
button.” 

Scheduling the operating and maintenance crew is 
no small task in itself. Because of the long hours 
required for rehearsal of a television show, the crew 
that rehearses and learns the cues will have to be 
in most cases the same crew that puts the show on 
the air. 'J'he operating crew and the maintenance 
crew should be rotated in their duties so that the 
entire technical staff will become familiar with the 
complete television system. An understanding by 
each man on the technical staff of the complete 
television system will make for smoother all-round 
operation. 

* This section supplied by courtesy of Mr. Morris Barton, 
Television Engineer, Allen B. Du Mont Laboratories, Inc. 
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Fig. 12-62, Super turnstile transmitting antenna of 
television station WABD, New York. 


The crew in the studio operate as a team, the 
sig^nals, cues, directions and instructions cominff 
from the program director and the technical director 
in the control room. All crew men wear earphones 
to receive these instructions. 

During rehearsal of a show the technical director 
^^ill have worked out with the director, the sound 
man and the mike man the proper placement of 
microphones, so that each scene will be planned to 
irive the best audio pick-up with the least amount of 
studio noise. In order that each scene be properly 
illuminated for each camera, the technical director 
will work during rehearsal with the light man, the 
camera man, the video engineer and with the di¬ 
rector on the proper placement of lights. The 
placement of microphones, lights, scenery, props and 
performers is marked on the cue sheet by the di¬ 


rectors. The studio will have its stage director, 
who sees that the performers are properly guided 
on and off stage at the correct time and who sees 
that props are in their right places. He will also 
see that scenes coming up next are ready and scenes 
no longer needed are quietly shifted and new scenes 
put up in their places. The stage director, like all 
crew men, will also wear earphones to get his in¬ 
structions from the director. If the director wants 
an actor to speed up a scene, the stage director will 
convey the director’s wish to the actor by means of 
sign language. 

While all this activity goes on during rehearsal, 
the cameras must be on and ready to move at the 
director’s command. Because of scene shifting and 
performers rehearsing lines and action sequences, 
there will be much time during rehearsal when the 
cameras are idle During this period of camera in¬ 
activity, lens caps should be placed over the lenses 
in ordf" to protect the pick-up tubes from damage. 
A conrentrated light beam such as a spotlight shin¬ 
ing directly into the lens for a period of time would 
burn the mosaic. To avoid unnecessary use of 
equipment, the engineer should find out beforehand 
from the director how much of the rehearsal will 
be utilized as a camera rehearsal and how much for 
line rehearsal. 

Since the light men, camera men, mike men and 
stage bands will all be moving around while the 
show is on the air, they will have rehearsal on how 
to move props to their proper places quietly without 
colliding with the mike man or getting in each 
others* way. The video engineer, because of so 
much activity in the studio, will want to test his 
cameras and equipment long before all this starts. 
Therefore, at least an hour before rehearsal or air 
time he should turn on the equipment* to see that it 
is properly adjusted. The television equipment 
needed for a one-studio and one-projection room 
set up is as follows: 

(a) Studio—four cameras, or else two cameras, 
each having a turret of several lenses. 

(b) Projection room—two cameras. 

(c) The control room houses the video and audio 
operating consoles, along with all the neces¬ 
sary equipment for each. 

The audio system may be identified as a standard 
broadcast setup. 

The video setup uses, say, a four-camera chain. 

A camera chain is one camera plus all the equip¬ 
ment necessary to produce a picture ready to feed 
to the transmitter, namely: 

1 . Sync generator. 

2. Blanking unit. 

3. Camera. 

4. Camera preamplifier and power supply. 

5. Intermediate video amplifier and power supply. 

6 . Sweep unit amplifier and power supply. 
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I ir 12-63 High hand diplexer—(hinnels 7-11 (Courtesy RC\ ) 


7 Shading generator and power supply 

8 Line amplifier and power supply 

9 Twelve-inch magnetic station monitor and 
power supply 

Because the projection room and studio are close 
together, only one sync generator and blanking unit 
are used to drive the four cameras The other 
three chains have duplicate equipment 


1 here is a preferred procedure for turning equip 
ment on and off The first unit to be turned on is 
the svnc generator Most sync generators have a 
built-in oscilloscope and after a warm-up period of 
a few minutes the oscilloscope by means of a rotarv 
switch can be switched to the various frequenc\ 
divider steps and each step checked from the master 
oscillator, 3175 kc down to 60 cycles Ihcn the 
vertical and horizontal sawtooth waves are exam 



Fig 12—64 Diagram of dtplextr considered as a bridge circuit 
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Fig. 12-65. Transmitting antenna of television station 
WNBT, New York. (Courtesy NBC.) 

ined and the blanking signals checked. In this 
setup the switch that turns on the sync generator 
also lights the filaments of the rest of the equipment, 
except the filament for the iconoscope. The first 
rule to remember is: the sync generator on first 
and the camera tube beam on last. When turning 
tile equipment off, turn the camera tube beam off 
first, and wait until the signal from the beam com¬ 
pletely disappears before turning off the sweep 
circuit. 

The rest of the equipment is turned on after the 
sync generator is working properly and all other 
filaments have heated, which is only a matter of a 
minute or two. Turn on the plate voltage for the 
camera control units, shading generators, line ampli¬ 


fiers, monitors and monitoring scopes. Of course, 
some installations will have time-delay relays to do 
this. Now check the camera to see if there are 
sweep signals to the yoke of the iconoscope or 
image orthicon. When this has been determined, 
it is safe to turn on the beam power supply for the 
camera tube. Then remove the lens cap and focus 
the camera on a test pattern, being careful to have 
the camera level and the test pattern straight, not 
at an angle. Be sure the test pattern is properly 
illuminated. Dolly the camera in and adjust optical 
focus until all edges of the test patteni completely 
fill the mosaic in the camera tube. After the optical 
focus is adjusted, check the electrical focus of the 
camera tube beam. Also check all regulated power 
supplies. 

Now return to tlie control room to shade the 
picture, particulaHv bec.iuse the iconoscope is not 
linear to light when using an iconoscope type of 
tube, '’'he sh.'iding generator gives small voltages 
of various shapes to feed into the early video ampli¬ 
fier stages to correct for this nonlinearity to light. 
These voltages are in the shapes of horizontal saw¬ 
tooth frequency, vertical sawtooth frequency, hori¬ 
zontal parabola or vertical parabola, and in some 
cases vertical and horizontal sine waves. 

Next examine the picture on the monitor and 
monitoring scope to see if the picture is being prop¬ 
erly scanned. Adjust the vertical sweep control 
until the lop and bottom edges of mosaic are seen, 
then adjust the sweep back within the edge of 
mosaic. Adjust horizontal sweep to overscan until 
the left and right sides of the mosaic rim are seen. 
At this point the horizontal centering can be 
checked. Then reduce the horizontal scan within 
the mosaic edges. The vertical centering is also 
adjusted by slightly overscanning vertically, then 
centering the picture and reducing the sweep within 
the edges of the mosaic. 

The next step is to adjust the linearity of the 
sweeps. To check the linearity, step back to the 
sync generator and turn on the vertical test bars. 
The bars are equally spaced and should show up 
equidistant on the viewing screen. For horizontal 
linearity, there are horizontal test bars to check the 
horizontal saw linearity in the same manner. 

Next the blanking signals are checked to see that 
they are the proper width. These signals are identi¬ 
fied as horizontal front and back porch and vertical 
front and back porch. Their width is measured on 
the oscilloscope and picture monitor. 

Now check the keystone circuit. This is done 
by overscanning vertically and horizontally. Adjust 
the keystone control until the picture is the same 
width at the bottom as it is at the top and then 
bring the sweep back to normal. 

Next, adjust the video gain and pedestal controls 
for the proper picture contrast. Move on to the 
line amplifier where the synchronizing signals are 
added to the picture. The standard R.M.A. signal 
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must transmit a level of 75 percent picture with 
additional 25 percent sync as radiated by the trans¬ 
mitter. This level is adjusted in the line amplifier 
and read in percent oflF the scope, making allowance 
for the transmitter modulating characteristic. 

At this point a composite picture is ready to be 
fed to the coaxial line to the transmitter. 

Before rehearsal and before air time each camera 
should be set up with a test pattern and checked in 
this manner. The test pattern should now be fed 
to the transmitter and levels checked with the trans¬ 
mitter engineer. Also the test pattern is fed out 
on the monitoring lines and all monitors checked 
for proper brightness and contrast. The test pat¬ 
tern should be faded to black level to see that all 
monitors hold sync properly, and fade to black. 

Operating the video transmitter is somewhat 
similar to operating and maintaining a broadcast 
transmitter. The sound transmitter is F-M and 
will comply with F-M standards and practices. 

Tuning the video transmitter and antenna is the 
most difficult operation in the entire television sys¬ 
tem, due to the wide band of frequencies that the 
transmitter and antenna must pass. However, once 
it is tuned it will stay tuned for a long period of 
time. In cleaning and dusting the transmitter care 
should be taken so that no tuning adjustments are 
accidentally jolted. If this happens, more than 


likely the entire process of retuning will have to be 
repeated. 

Starting with the crystal oscillator and doubler 
stages, these are tuned in the conventional manner 
and no difficulty should be encountered here. Next 
tune the r-f power amplifier in the conventional 
manner and proceed to the antenna. 

The next step will be to disconnect the r-f drive 
from the first modulated amplifier and connect in 
its place a power variable-frequency sweep oscil¬ 
lator, which is sometimes called a wobbulator. 
These variable frequencies are of constant ampli¬ 
tude and frequency-modulate the r.f. back and forth 
at a bandwidth of 7 to 10 me. A diode rectifier 
with a short antenna is placed in the field of the 
first modulated amplifier and the output of the 
diode fed to an oscilloscope. This r-f modulated 
amplifier is tuned by adjusting the coupling, the 
grid capacitance, the plate capacitance and the 
value of the grid damping resistors until a fiat re¬ 
sponse is noted on the oscilloscope for the desired 
bandwith characteristics as required by the F.C.C. 
If the transmitter is low-level modulated, this proce¬ 
dure is followed through to the final amplifier. 

The television antenna is usually pretuned be¬ 
fore It is raised to the top of the mast, and the 
only adjustment left will be the amount of coupling 
desired. 



Fig. 12-66. Type 241 cathode-ray oscillograph. 
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The transmitter engineer will, of course, have a 
picture monitor as well as a loud-speaker monitor to 
see and hear the quality of transmission. Logs of 
both transmitters will have to be kept and the engi¬ 
neer will be concerned with keeping the transmitters 
operating in accordance with all requirements of 
the F.C.C 

Maintenance of the television transmitter will 
follow general broadcast procedure. The water 
system is inspected and cleaned, motors and pumps 
cleaned and oiled on a regular maintenance schedule. 
A liberal supply of spare tubes and components must 
be available. 

12-24. Television Test Equipment—Test equip¬ 
ment for the television station must be capable of 
measuring wide frequency bands, low and high 
voltages, and peculiar waveshapes, the signals to be 
tested many times appearing at high impedance. 
Extreme requirements are, therefore, placed upon 
the test equipment. High-impedance vacuum-tube 
voltmeter units are desirable, such as the RC‘A 
Voltohinyst, for routine continuity tests and meas¬ 
urements of various socket voltages throughout th*,* 
equipment. 

A good general purpose cathode-ray oscillograph 
is an absolute must in adjustment and maintenance 
of television equipment. Figure 12-66 shows a 
Du Mont type 241 oscillograph, which is designed 
for television testing. This oscillograph has verti¬ 
cal deflection amplifiers of sufficient sensitivity to 
test the signals throughout the television equipment 
and has frequency response to 2 me. The r-f 
signals from the transmitter may be applied directly 
to the deflection plate terminals on the front panel, 
so that this type of oscillograph may be used for 
monitoring the carrier envelope. A circuit diagram 
for the type 241 oscillograpli is shown in Figure 
12-66a. The following chart, Figure 12-67, gives 
its specifications. 

In testing r-f circuits, it is desirable to have a 
liigh-level signal generator which may be frequency 
modulated or wobbulated to cover the entire band 
pass of the circuits under test. Figure 12-68 illus¬ 
trates a typical circuit for such a wobbulator. It 
incorporates a variable-frequency oscillator whose 
frequency is shifted by a mechanically rotated ca¬ 
pacitance. Another calibrated oscillator may be 
tuned slowly through the desired band pass so that 
an observation of the zero beat between the two 
oscillators will determine the exact frequency which 
produces a given response in the circuit under test. 
Such a wobbulator feeds its signals through an out¬ 
put amplifier tube to the circuit under test. An 
oscillograph is then connected directly to the output 
of this portion of the circuit under test with r-f 
connections, or else a detecting diode is inserted 
between the circuit, under test and the input to the 
oscillograph. In one case a radio-frequency en¬ 
velope picture is obtained and in the other case a 


Du Mont Type 241 Cathode-Ray Oscillograph 

SPECIFICATIONS 

Cathode-ray Tube: 

Type. . . .5JP1/2529AS 

Accelerating Potential (overall).1500 volts 

Input Impedance; 

Direct Direct 

Terminals Probe (Balanied) {Unbalanced) 

Y-axis 2 meg 40 mmI 1 meg 10 ^ nirg 20 tmi 5 meg 25 

X-axis 2 meg 40 utii 5 meg 20 5 meg 25 md 

Z-axis 1 meg 20 

Maximum Input Potential; 

Y-axis through amplifier . . .400 rms signal volts (600 

vdc max.) 

Y-axis direct to plates. .. 400 rms signal volts (600 

vdc max.) 

X-axis through amplifier.... 50 rms signal volts (600 

vdc max.) 

X-a\is direct tf) plates.400 rms .signal volts (600 

vdc max.) 

2-axis. 5 rms signal volts (600 

vdc max.) 

External synch voltage. 10 jxiak to peak signal 

volts (600 vdc max.) 


Amplifier Frequency Response; 


Y-axis.Uniform within 3 dh from 20 cycles to 

2 megacycles at any attenuator .setting. 
6 db down at 4 megacycles. 

X-axis.Uniform within 3 db from 5 cycles to 

100 kil(x:ycles per second at any atten¬ 
uator setting. 6 db down at 300 kilo¬ 
cycles per second. 

Z-axis..Uniform within 3 db, xSO cycles to 

2 megacycles per second. 


Deflection Factor: 

With Amplifier; 

Y-axis ('I'erminals).0.07 rms volts/inch 

Y-axis with probe.0.70 rms volts/inch 

X-axis.0.70 rms volts/inch 

To Deflection Plates: 

Y-axis.22 rms v/inch 

X-axis.21 rms v/inch 


Linear Time-Base: 

Frequency Range.15 to 30,000 cps 

Direction of Sweep.Left to right 

Synchronizing Signal Sources. . . . Internal (Y-Signal), 

60 cycles. External 
Synchronizing Polarity.. Either polarity of synch, signal 


Power Supply Source; 

Potential.115 rms volts 

Power Consumption.160 watts 

Frequency.50/60 cycles 

Fuse Protection.3 amps 


Physical Specifications; 

Height.17H inches over all 

Width.205i inches over all 

Depth.21 inches over all 

Weight.65 pounds 

Housing... Portable steel cabinet with carrying handle 
Front Panel Finish.Satin finish plate 


Fig. 12-67. 
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Fk;. 12-68. Circuit of ^\obbulator for Iclcvisioti tcstinj^. 


curve showing amplitude response versus frccjuency 
is obtained on the oscilloscope. 

It is customary to synchronize the sweep circuit 
of the oscillojjraph with the rotational speed of the 
wobbulator motor so that the curve remains station¬ 
ary for measurements. In practice, the wobbulator 
motor is a synchronous motor operatinj^^ at 1800 
rpni. Precautions must be taken to minimize power 
supply hum levels in measurement circuits, so that 
these fixed-amplitude hum signals arc not mistaken 
for frequency respon.se characteristics. To mini¬ 
mize such a misinterpretation, it is sometimes de¬ 
sirable to drive the wobbulator condenser at a speed 
slightly away from 1800 rpm, so that hum signals 
will crawl on the oscillograph pattern while the true 
frequency response curve will remain synchronous 
with the wobbulator scan frequency. 

In testing a video amplifier a wobbulator similar 
to that shown in Figure 12-68 is employed, except 
that the frequency-modulated oscillator swings from 
the same frecjuency as the calibrated oscillator up 
to a frequency about 10 me away from the calibrated 
oscillator. The calibrated oscillator may, for ex¬ 
ample, operate at 100 me and the wobbulated oscil¬ 
lator between 100 and 110 me. The output tube is 
designed to pass only the beat fre(iuency which will 
vary from zero cycles per second to 10 me per sec¬ 
ond. Such a circuit is called a video-fre<iuency 


wobbulator and is extremely useful in testing the 
frequency response characteristics of video ampli¬ 
fiers. The combination of tliis video wobbulator 
and a good o.scillograiih m.'ikes it possible to adjust 
the video amplifier stages throughout the television 
station for excellent frequency and phase response. 
Variations of capacitiince when replacing tubes may 
upset the correct adjustment of a variable-inductance 
peaking coil, and the use of such a test wobbulator 
makes it a simple process to readjust the alignment 
on video amplifiers when tubes or components need 
replacement. 

For much of the test work in television design 
and equipment maintenance, an oscillograph with a 
triggered horizontal sweep as well as a repetitive 
synchronous sweep is desirable. A typical instru¬ 
ment of this type is the Du Mont type 280 television 
te.st oscillograph, shown in Figure 12-69. 

A triggered horizontal sweep allows the operator 
to examine the waveform for a single horizontal 
line of the composite picture, with sweep delays to 
select the line desired. Auxiliary circuits may be 
provided to allow the fields to be selected, and so 
successive picture lines may be compared without 
delaying the sweep one complete field duration. 
The sweep may be triggered from selected synchro¬ 
nizing pulses of the composite video signal. 
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Fig. 12-69. DuMont type 280 catliode-ray oscillograph. 

The cathode-ray tube beam writing: rate in oscil¬ 
lographs for such application is quite rapid. For 
case in viewing the video signals it is desirable for 


the cathode-ray tube accelerating voltage to be in¬ 
creased. This, of course, decreases the deflection 
sensitivity so that the final value of accelerating 
voltage reached is a compromise between beam trace 
brightness and deflection sensitivity. 

Synchronization may be external or internal 
either on composite video or transient signals. The 
horizontal sweep duration may be set from 15,000 
microseconds to 1 microsecond, and the start of the 
sweep may be delayed up to 1000 microseconds. 
The sweep triggering pulses may be selected from 
a composite video signal to display either successive 
lines or fields. I'he operating .sensitivity is a maxi¬ 
mum of 0.28 volts peak to peak per inch of deflec¬ 
tion. The cathode-ray tube accelerating voltage 
may be .set at any point from 2 to 10 kv. 

Figm*e 12-70 is a photograph taken with this 
oscillograph sho\ ing two horizontal blanking pulses 
.separated by linearity test pulses. 'Fhe transient re¬ 
sponse of the deflection amplifier gives a resultant 
bandwidth down 3 db at 10 me. 

Good light meters are very useful in determining 
a proper balance of studio set lighting. 

12-25. Television Receivers—The television re¬ 
ceiver must accei)t signals which have been trans¬ 
mitted by radio and convert these signals to the 
pictures and sound of the television progratn. An 
average receiver draws about 300 watts of power 
from the 60-cycle power line and contains 20 to 30 
tubes. The arrangement of a table model chassis 
is .shown in Figure 12-71. The table model shown 
is a Du Mont type 103 set employing a twelve inch 
electromagnetic-deflection cathode-ray tul)e with an 
electron beam accelerating voltage of 10,000 volts. 
The circuit diagrams for this 12-inch receiver arc 
shown in Figures 12-72, 12-73, and 12-74. They 
may be analyzed into the following functional 
sections: 

(1) R-f circuits. The incoming signals picked 
up by the antenna arc conducted to the in])ut of 
the television receiver by means of a 73 ohm, low- 
loss transmission line (coaxial cable). The trans¬ 
mission line is terminated by the cathode input cir¬ 
cuit of the grounded-grid r-f amplifier VlOl. This 
input circuit is capacitively coupled to the trans¬ 
mission line by means of condenser ClOl. The 
untuned input circuit has been designed so that it 


Fig. 12-70. Oscillogram showing 2 horizontal blanking pulses separated by 
linearity test pulses. (34 micro-seconds/in. on 5-in. tube.) 
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Fu. 12-71. Chassis of DuMont Model 103 receiver showing location of components (Courtesy DuMont ) 


presents the proper impedance match to the trans¬ 
mission line over the entire tuning range from 44 
to 216 me. The inductance L106 in parallel with 
the antenna input provides a high-pass, radio¬ 
frequency filter to suppress broadcast-band or other 
low-frequency, cross-modulation interference which 
may arise when the television receiver is located 
m an extremely intense field of a local A-M broad¬ 
cast station or other radiator. 

The plates of the r-f amplifier (VlOl) are cou¬ 
pled to the grid of the mixer tube (V102) by means 
of a 6-mc wide broad-band coupling network. The 
variable senes coil combinations consisting of 
L101-L102A and L104-L102B tune to the desired 


signal frequency in conjunction with the associated 
tube capacitances and the coupling network con¬ 
sisting of CIOS, C106 and C107. Resistors RllO 
and R104 reduce the Q of the respective coils con¬ 
siderably in order for the coupling netwoi k to main¬ 
tain the very wide pass band. 

The VHP oscillator utilizes one section of the 
twin triode (V103) in a modified Colpitts oscillator 
circuit. The feedback voltage from the plate to the 
grid of the oscillator tube is accomplished by means 
of the interelectrode capacitance of the vacuum 
tube. The oscillator frequency is adjusted by move¬ 
ment of the tap on the coil L102C which short cir¬ 
cuits a portion of the coil. The oscillator circuit 
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is factory aligned to track with the signal circuits 
located in the plate of the r-f amplifier VlOl by 
adjusting the inductance of L103 and capacitance 
of CTll. 

The oscillator output is coupled to the grid of 
the mixer tube V102 by means of condenser Cl 12. 
Both the incoming signal and the oscillator voltages 
are fed into the grid of the mixer tube VI02. The 
plate of VI02 feeds into the first video i-f trans¬ 
former. Station tuning over the television and 
F-M bands is accomplished by rotation of the three 
inductances comprising the inductuner. 

(2) The sound i-f channel consists of an i-f stage 
V207 after some amplification has already been 
achieved in the 1st video amplifier, the limiter 
V208 and a conventional F-M discriminator V209. 
R244 and C234 make up the de-emphasis network. 
The sound i.f. is 21.9 me and is designed for ± 75-kc 
modulation of standard F-M stations as well as 
± 25 kc of television sound modulation. 

(3) Video i-f Amplifier, The video i-f ampli¬ 
fier chain consists of three stages using the sharp- 
cutoff high-gain pentode (V201, V202 and V203). 
See Figure 12-73. Each video i-f coupling net¬ 
work consists of two adjustable coils which are reso¬ 
nant with their respective tube capacitances and 
coupling networks. The first video i-f coupling 
network utilizes shunt inductive coupling, the sec¬ 
ond and fourth video i-f coupling networks use the 
'series type of inductive coupling, and the third 
network is a specially terminated w-derived band¬ 
pass filter network. The two parallel resonant traps 
in the series arm of the pi network in the third 
coupling network provide a high degree of attenu¬ 
ation to the sound carrier of the station being re¬ 
ceived and to the sound carrier in the adjacent 
channel. 

The grids of the first and second video i-f stages, 
V201 and V202, are returned to a variable negative 


bias piovided by the contrast control, which thus 
varies the gain of the i-f amplifier. The third 
video i-f amplifier stage is operated at maximum 
gain. The input to the F-M sound i-f amplifier 
system is taken from the plate of the first video i-f 
amplifier V201. 

The output of the fourth video i-f coupling net¬ 
work is fed into one diode section of the video 
detector V204A and the diode load which consists 
of resistor R219 and peaking coils L213 and L214. 

(4) Video Amplifier, The grid of the video 
amplifier tube V2()5 is directly connected to the 
diode load. A fixed bias of —3 volts (when no 
signal is present) is maintained on the grid of the 
video amplifier V205 by returning the low potential 
end of the diode load resistor R219 to the — 3 volt 
point of the bleeder resistor network consisting of 
R216, R220 and R233. 

I'he plate of the video amplifier is coupled to the 
type 12JP4 teletron, V206, by means of the resonant 
trap consisting of L216 and C217, and condenser 
C2i8. This resonant trap is tuned to 4.5 me and 
provides the video amplifier section with an ex¬ 
tremely sharp cutoff characteristic, thereby con¬ 
tributing to the elimination of interference from 
the sound carrier of the incoming television station. 

<5) D-c Restorer and Sync Separator, The 
plate of the video amplifier is also coupled to the 
second section of the vacuum tube V204B and the 
diode load consisting of R256, R22S and C282. 
This circuit rectifies the composite video signal and 
reinserts its d-c component onto the grid of the 
Teletron V206. The diode section of V204B also 
serves as a sync separator since negative composite 
sync pulses appear across R225. 

(6) Teletron Controls, The brightness con¬ 
trol, R227, varies the positive d-c bias on the 
cathode of the Teletron so as to vary the picture 
background brightness. The Teletron bias con- 
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Fio. 1J--74. SiluiiiatK of \-M tuntr for DuMont iiioikl 10^ (onsole trleMsmn riTfiver. 


TROL, R229 (one of the non-operational controls 
located on the chassis'), \aries tlic positive voltajre 
on the second grid of the Teletron. The purpose 
of this control is to adjust indnidual 'rdetrons so 
that they all have a standard control character¬ 
istic when used in the Teleset. 

(7) Sy}ic Clippers. The composite .sync pulses 
developed across R225 and C2S2 are coupled into 
the tv^o sync clipper staj^es consisting: of V212A 
and V213. The clipper stages amjilify and clip 
both top and bottom of the sync pulses. The sync 
imlses developed on the plate of the second stage 
remain substantially constant in amplitude over a 
''ide range of input signal level. 

(8) Vertical Deflection. The output of the sec¬ 
ond sync clipper is fed into the vertical buffer 
V216A, the plate load circuit of which consists of 
an integrating netw'ork and one winding of the 
^ertical blocking oscillator transformer T201. The 
vertical buffer amplifies and integrates the serrated 
vertical sync pulses and provides sharp vertical sync 
pulses which trigger the vertical blocking tube 
oscillator V216B. The vertical hold control, 
1^275, adjusts the free running frequency of the 
blocking oscillator. 

A sawtooth voltage is generated by charging 
condenser C257 through the series resistances con¬ 


sisting of lesistor R276 and the vertical size con¬ 
trol R277. The time constant of this network 
controls the amplitude of the sawtooth voltage. 

The vertical deflection amplifier V217 converts 
the sawtooth voltage to the linear sawtooth current 
required for deflection. The vertical linearity con¬ 
trol R281 varies the cathode bias of the vertical 
deflection amplifier V217 which in turn controls the 
degree of curvature over the operating portion of 
the curve of this tube. This curvature com¬ 
pensates for an opposite curvature produced by the 
output transformer and vertical deflection coils, 
resulting in a linear change in current in the de¬ 
flection coils. 

The plate current of the vertical deflection ampli¬ 
fier V217 is fed into the vertical deflection coils by 
means of the vertical output transformer T202. 
The VERTiCAi. POSITIONING CONTROL R284, in con¬ 
junction with the VERTICAL POSITIONING SWITCH 
S203, adjusts the amount and polarity of d-c cur¬ 
rent in the vertical deflection coil to center the 
picture properly on the screen of the Teletron tube 
V206. 

(9) Horizontal Sync and Deflection, The hori¬ 
zontal sweep is triggered by the sine-wave electron- 
coupled oscillator V215. The free running fre¬ 
quency of approximately 15,750 kc is determined 
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primarily by the oscillator windinj? in transformer 
Z204 and by condenser C267. The horizontal 
HOLD CONTROL is a powdered iron movable slug in 
this winding which varies its inductance. The exact 
frequency, however, is controlled by the repetition 
frequency of the incoming horizontal sync pulses. 
Synchronization is accomplished as follows: 

The output of the horizontal oscillator is com¬ 
pared with the incoming horizontal sync pulses in 
the discriminator circuit of V214. The resulting 
d-c *‘error” voltage which is developed across the 
discriminator load resistors R263 and R264 will 
vary in amplitude and polarity depending upon the 
relative difference in phase between the sine-wave 
oscillator and the incoming sync pulses. The d-c 
error voltage which is impressed upon the grid of 
the reactance tube V220 causes the plate current 
and transconductance of the reactance tube V220 to 
vary accordingly. The capacitive reactance which 
the reactance tube V220 presents to the tuned circuit 
is, therefore, varied, causing the oscillator to shift 
phase in proportion to the amount of the error 
voltage, and in the direction to bring the oscillator 
into phase with the incoming sync pulses. Thus, 
the oscillator is locked to the sync pulses. 

The actual phase relationship between sync pulses 
and oscillator can be varied by means of the phas¬ 
ing CONTROL, a powdered iron slug in the di.scrinii- 
nator winding of Z204, so as to make the picture 
start at just the right place horizontally on the 
raster. 

The output from the plate of the horizontal oscil¬ 
lator is fed into the differentiating network consist¬ 
ing of condenser r251 and resistor R268. The 
sharp tips of the differentiated positive pulses cause 
the horizontal sawtooth generator V212B to dis¬ 
charge the sweep generating condenser C271, 
thereby initiating the return trace of the horizontal 
sweep. The charging time-constant network con¬ 
sisting of R296, R315, C271 and the horizontal 
DRIVE CONTROL R297 is returned to the most nega¬ 
tive point in the power supply through the cathode 
bias resistor R300 controlling the amount of sweep 
voltage impressed upon the grid of the horizontal 
deflection amplifier V221; the horizontal drive 
control adjusts the linearity of the beginning and 
end of each horizontal trace. 

(10) Horizontal Output Amplifier and High- 
voltage Power Supply, The high voltage required 
to accelerate the electron stream in the Teletron 
V206 is generated by a “flyback” type of power 
supply. During the return trace of the sweep the 
energy which is stored in the horizontal deflection 
coil circuit is fed back into the primary winding 
of the horizontal output transformer T204 in the 
form of a very sharp negative pulse. This pulse 
is increased in amplitude by autotransformer action 
in the primary winding and is rectified by the high 
voltage rectifier V222. The rectified energy which 


is stored in the high-voltage condenser C277 is used 
to accelerate the electron stream in the teletron. 

The horizontal damping tube V223 and the damp¬ 
ing resistor, R304, critically dampen the ringing in 
the horizontal deflection yoke which occurs during 
the line retrace period. Part of the energy so ab¬ 
sorbed is utilized to “boost” the plate supply voltage 
of V221 by feeding the B supply in series with the 
voltage developed across the damper tube V223 on 
to the plate of the horizontal deflection amplifier 
V221. The horizontal linearity network consisting 
of L219, C275 and C276 is used to shift the phase 
of the booster voltage. By shifting the phase of 
this booster voltage with respect to the plate current 
requirements of V221, slight variations of plate 
characteristics are obtained. The horizontal 
POSITIONING CONTROL, R305, Controls the d-c cur¬ 
rent through the horizontal deflection coils. 

(11) Penver Supply, The low-voltage power 
supply of the television receiver is obtained from 
a pair of 5U4G rectifiers connected for full-wave, 
high-current rectification, with conventional filtering. 

The low-voltage power is applied to the receiver 
by the closing of the time delay relay K201. This 
relay is energized by the diode current of V224. 
The relay circuit has been designed so that the relay 
is energized approximately 10 seconds after the 
power is applied to the television receiver. Tn this 
way all condensers and other components are pro¬ 
tected from the high surge voltage which otherwise 
would occur before the tubes heated up and started 
to draw plate current. 

(12) Focus Coil and Control, The focus coil, 
L218, is in series witli the section of the power 
supply which delivers 300 volts to most of the cir¬ 
cuits. The current drain of these circuits provides 
more than enough current for proper focus. The 
focus current is adjusted to bring the Teletron to 
precise focus by means of the focus control R288, 
which is a variable resistor shunted, together with 
R286B, across the focus coil. 

There are many types of television receivers 
similar in principle to the one just described. They 
employ tubes ranging in size from 7-inch diameter 
to 20-inch diameter, with electrostatic focusing and 
deflection or magnetic focusing or magnetic deflec¬ 
tion, some designed for direct viewing, others for 
mirror viewing, and others for home projection and 
theater television projection. Many models incor¬ 
porate broadcast reception as well as television. 
Many of these receiver designs accommodate the 
thirteen commercial television channels between 44 
me and 216 me, and the F-M broadcast band from 
88 me to 108 me. With so many stations, it is best 
to use some device such as the continuously adjust¬ 
able inductive tuner with a motor-driven push¬ 
button tuning mechanism. Suitable controls can 
allow the optional use of the picture portion of 
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the receiver and use of tlie sound portion for either 
aural broadcast or for television. 

12-26. Propagation Characteristics— Propaga¬ 
tion matters are treated quite fully elsewhere in this 
book, but a few points specifically related to tele¬ 
vision may be emphasized here to advantage. The 
general conception of fading and other propagation 
distortions associated with communication or sound 
broadcast circuits are also critical in television 
broadcasting. However, many of the long-distance 
characteristics of communications channels do not 
concern television because, as we have already ex¬ 
plained, television involves a very wide band of 
modulating frequencies and consequently utilizes 
relatively high carrier frequencies, the commercial 
channels now lying between 54 me and 216 me. 
Thus reliable long-distance reception over skywave 
paths is not generally provided. 

However, a television system is sensitive over a 
wide band of frequencies for a given station, re¬ 
sponding to top video frequencies of 4.5 me. A 
I)icturc element conveyed by a 4-mc video signal thus 
may he produced in a time interval of one-half cycle 
of this 4-mc wave. Thus the time interval required 
to produce a picture element in the finest resolution 
portion of a television picture is of the order of a 
tenth of 0.1 microsecond. On the other hand, sound 
broadcasting, employing frequencies up to 15 kc per 
second, involves at least the resolvable time of 67 
microseconds. Radio energy travels at the rate of 
approximately 186,000 miles per second or one mile 
in 5.38 microseconds. Thus signals arriving at an 
antenna over two paths which differ in length by 
the order of a mile would be sufficiently displaced 
in time to produce a very noticeable double signal 
on television because the 5 microseconds is long in 
comparison with the one-tenth microsecond which 
can be resolved. On the other hand, sound broad¬ 
casting signals arriving over two paths having a 
jjath difference of the order of a mile would be so 
nearly in phase that little or no distortion would be 
observable, since 5 microseconds is very small in 
comparison with 67 microseconds, which is the least 
discernible phase-error interval. 



Fig. 12-75. Conditions which may produce a type “A” 
fixed gho.st. 


Thus we see that in television w^e have a dif¬ 
ferent propagation consideration from that in¬ 
volved in sound broadcasting. These propagation 
characteristics, which produce multiple images, are 
called multipath phenomena. The multiple images 
viewed on the television tube are referred to as 
ghost patterns. 

Figure 12-75 illustrates a typical condition which 
may produce one of the most common types of fixed 
ghost patterns. Figure 12-76 is a photograph 
showing such a fixed ghost caused by a secondary 
path reflection from a hill approximately one-half 
mile beyond the receiver in a direction away from 
the transmitter. By measurement of the extent of 



Fif.. 12-76. Reflection Yj mile from receiver. 

displacement of the ghost pattern from the main pat¬ 
tern, and by study of the data in the table of Figure 
12-19, it can be seen that the reflection produces a 
time delay of about 5 microseconds, which is char¬ 
acteristic of about one mile extra path length for 
this secondary path and which includes one-half mile 
to the hill and one-half mile return path. 

These fixed ghosts are generally produced by fixed 
objects, but airplanes flying overhead may produce 
momentary displaced ghosts which are termed type 
D, or pulsating ghosts. This condition is most 
serious where the receiver is located in an area 
shielded from strong direct transmission signals. 
In such a condition the airplane may reflect more 
energy over the secondary path than the receiver 
normally gets over the primary path and the pulsat¬ 
ing ghost pattern may actually be strong enough to 
take over the synchronizing. 

In Figure 12-76 the wffiite portion of the '‘C” in 
N.B.C. is reproduced in the ghost image as a black 
image, illustrating what is known as a type E or 
negative ghost. This negative ghost is produced 
by a suitable phase of the secondary signal with 
respect to the primary signal occurring on a suitable 
amplitude range of the received primary signal. 

Careful study of these ghost patterns can best be 
made by observing television signals on a receiver 
and antenna which are in motion in an automobile 
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or a boat throu;rh territory involvinj^ his:h buikl- 
injjs or bills. 

In some locations a strong: main sij^nal may pre- 
flominate, but a number of lesser enerj^:y sipials 
may arrive over a variety of ])allis dilTering; only 
sli^btly in path leiijicth from the major signal. A 
pattern received under these conditions may exhibit 
a type B or “smear” gho.^t, which tends to lower the 
resolution in a horizontal direction. C'onditions 
which may produce this type B or smear ghost are 
illustrated in Figure 12-77. 



Fk;. 12~77. Conditions which may produce a type “R” 
smear ghost. 

At the carrier fre(iuencies employed for tele¬ 
vision, the signals tend to follow optical paths, due 
to their relatively short wave lengths, and thus 
shadows may be produced by objects such as build¬ 
ings and hills. It is in general true that best tele¬ 
vision reception may be obtained where the receiv¬ 
ing antenna is in line of sight from the transmitting 
antenna, or very nearly so. A slight curving of the 
radiation may take place around the curve of the 
earth. However, it is most advantageous for the 
transmitting antenna to he located on a high eleva¬ 
tion which tends to minimize multiple-path condi¬ 
tions and which tends to give the greatest line-of- 
sight coverage when the earth’s curvature is taken 
into consideration. For example, an antenna 1000 
feet above the average ground level w ill reach to an 
optical horizon of a distance of about 40 miles and to 
a quasi-optical horizon at a distance of approximately 
50 miles when the bending of the radio energy about 
the earth’s curvature is considered. To this dis¬ 
tance may be added the further advantage gained by 
a good height of receiving antenna. The distance 
in miles to the optical horizon, = 1.23V^. where 
h represents the height of the antenna in feet above 
the surrounding ground. The distance to the radio 
horizon, where the bending of the radio energy 
about the earth’s curve is considered, may be ex¬ 
pressed by the formula D/y = 1 A\/h. These simple 
formulas are modified, however, by local irregulari¬ 
ties in the terrain. Also, there are other propaga¬ 
tion characteristics of the troposphere and occa¬ 


sional E layer skyw’ave signals and F 2 layer sky- 
wave signals, which influence the service range and 
the interference range of television stations. 

Fortunately 90 percent or more of the area sur¬ 
rounding most cities or metropolitan regions using 
television are relatively free of ghost conditions or 
serious shadow conditions and therefore television 
reception is available at a quality not appreciably 
less than that obtained in an ideal receiving location, 
which in turn provides approximately equal hori¬ 
zontal and vertical resolution of 525-line system 
with a contrast range of 30 or more in ratio of 
brightness of the most intense areas to the blackest 
areas. 

Television relay services may maintain a very 
high quality of transmitted picture, since one may 
choose the location of both transmitter and re¬ 
ceiver along the relay paths and since highly direc¬ 
tive antennas minimize the spurious type multiple 
signals. 

12-27. Receiver Installation Practice—The 

home installation of a television receiver, in a rea- 
.sonably strong signal area, involves only a few 
major considerations, such as a suitable site for 
the antenna, convenient placing of the transmission 
line, and location of the receiver in a spot wdiere 
reasonable freedom from direct sunlight may be ex¬ 
pected, The best results from a viewer’s standpoint 
are obtained wdiere subdued illumination is available 
in the room but where no direct light, either natural 
or artificial, falls on the cathode-ray tube. Viewing 
is much less tiresome to the eyes if a certain 
amount of subdued lighting is retained in the room. 

In areas wdierc weak signals are prevalent, more 
time, care, and expense are recjuired to obtain a suit- 
cable picture. Usually, this problem entails a de¬ 
tailed study of the location and a field strength 
meter with a collapsible antenna proves invaluable 
in the selection of the permanent antenna site. The 
study of standing w'ave and multipath conditions is 
materially aided through the use of such a meter. 
Generally speaking, the higher the antenna, the 
greater the received signal. The use of a iireampli- 
ficr will, of course, build up the signal but at the 
same time it usually increases the objectionable 
noise in the same ratio. 

When a convenient location has been chosen for 
the receiver considering the lighting problem, the 
transmission-line route is cho.sen to the antenna 
location, either on the roof, in a nearby tree, or out 
a window having the best probable exposure toward 
the desired television .stations. Because of the high 
carrier frequencies involved and the wdde band 
widths utilized, it is desirable to employ a low-loss 
tran.smission line, particularly for the higher fre¬ 
quency television channels. However, where high 
signal strengths are available quite .satisfactory re¬ 
ception may be obtained through the use of a simple 
twisted-pair transmission line or even a simple an¬ 
tenna right in the room near the set. In general. 
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however, best freedom from local disturbances, such 
as ignition interference and domestic machines, is 
assured by an outdoor antenna installation. Since 
the frequencies of television channels extend all the 
way from 44 me to 216 me, it is desirable to utilize 



Fig. 12-78. T\pic.'il rettniiik antenna. 

one antenna for the lower j^roup of channels from 
44 me to 88 me and another antenna from 174 me 
to 216 me. IIowTver, where the signal levels are 
high and the orientation is faxorable, a single non- 
resonaiit antenna will pick up sufticient signal from 
all stations. If the signal levels are very low, it 
may become desirable to use a relatively high-gain 
antenna for reception, with ])ossil)ly three or four 


different antennas to cover, say, eight or ten de¬ 
sired stations. Figure 12-78 shows a typical hori¬ 
zontal folded-dipole receiving antenna suitable for 
the channels from 44 me to 88 me. Figure 12-79 
show^s a type of duo-band receiving antenna w'hich 
affords good reception on all television and F-M 
channels. 

A picture received over the air will, in general, 
be somewhat inferior in comparison to a picture 
viewed directly over a station monitor. If the re¬ 
ceiver itself is in good adjustmei.t and a broad-band 
antenna and transmission line is used, the radio 
transmission wnll jirovidc a picture of approximately 
e(iual horizontal and vertical resolution, as indicated 
by a test patten i such as that illustrated in Figure 
12-24. HowTver. a weak signal at the receiver 
necessitates high sensitivity of the set and high 
amplihcation of the signals. 'J'hus a condition 
sometimes referred to as “siunv*’ is visible on the 
pictutes, represtnting tube noise and interfering 
signal" caused by man-made static. Atmospheric 
static is practically absent at television fre(juencies. 
The presence of this noise, or snow\ as it is com¬ 
monly called, decreases the resolution of the jneture 
by altering the original wave shapes. 'Phe noise 
also substantially decreases the timing precision of 
the synchroni/ing waveforms, lesulting in a slight 
displacement of lines and fields and reduces the 
a\eiage ovei-all crispness and resolution of the pic- 




Fic. 12-79, Diio-band receiving antenna. 
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tures. As a rule, these noisy pictures are experi¬ 
enced beyond the 500 microvolt per meter contour 
of the television station, thus requiring that tele¬ 
vision receiver installations beyond this contour 
must be made with considerably more care than is 
normally required. 

An antenna directed toward the transmitting sta¬ 
tion usually provides the best results; however, 
multipath conditions producing ghost patterns are 
often found, usually in a city where large buildings, 
water tanks, etc., reflect the transmitted signals. 
Where such multipath conditions exist, the tele¬ 
vision receiver antenna may be oriented so that the 
unwanted signal is minimized. Often it is possible 
to eliminate completely the ghost by this method. 
In isolated cases, it is possible to maximate the an¬ 
tenna on the ghost signal, minimize the direct signal, 
and obtain a suitable picture. 

In some areas it will be found that only d.c. is 
available for operating power. Satisfactory instal¬ 
lations can be made, however, by using a rotary 
converter to generate llS-volt a-c power at approxi¬ 
mately 60 cycles. Since the vertical synchronization 
signals are transmitted directly from the broadcast 
station, it is not necessary that the receiver power 
supply operate in exact synchronism with the trans¬ 
mitter power supply. In some receiver installations, 
where the power frequency is too far removed from 
that of the transmitter, it may be necessary to pro¬ 
vide additional magnetic shielding since the receiver 
power transformers may set up a fairly strong 
magnetic field which causes the picture to weave 
back and forth. This weaving is caused by the 
different power frequencies and the rate of weave 
is proportional to the frequency difference of the 
power lines. 

Where a television receiver is located near the 
transmitter and where no serious obstacles inter¬ 
vene, it is quite satisfactory to install an indoor 
or attic antenna. However, for distances between 
ten and thirty miles from the transmitter the signal 
strength is usually not sufficient for an indoor instal¬ 
lation and thus it is customary to erect the antenna 
on a pole above the roof. At extreme distances it 
is advantageous to use a complex antenna which has 
some voltage gain greater than that of the simple 
dipole. These antennas may take the form of rhom- 
bics, several-element Yagi arrays or even stacked 
arrays. Usually such an array is most efficient over 
a limited number of channels and thus when a re¬ 
ceiver is installed, say, 70 miles from the stations, 


it may be necessary to use two or more separate 
antennas. 

Receiving circuits have been improved to such an 
extent that interferences from ignition, motor spark¬ 
ing and other types of man-made static are not 
nearly so serious as in the early days of television. 
However, there are still many sources of trouble 
which must be avoided in order to secure excellent 
television performance. Some of these are radi¬ 
ation from local oscillators of other receivers, co¬ 
channel interference from other television stations 
assigned on the same frequency but in a distant city, 
effects of diathermy, and the spurious receptions of 
other radio services. 

Adjacent television channels are not assigned in 
the same service area. Also the separation between 
cities having co-channel assignments is usually the 
order of ISO miles so that the rural area around 
one city can be provided with coverage without 
serious interference from the other city. Scarcity 
of channels has made it necessary in some instances 
to reduce this spacing with a consequent decrease 
of the service range of the stations. 

One of the most difficult installation problems 
arises because of the diversity of directions from 
the receiving location to the transmitting antennas 
of the several stations it is desired to receive. An 
antenna satisfactory for one station may prove to 
have a weak or ghosty signal from the next desired 
station, requiring multiple installations. In large 
apartment houses and hotels this problem is handled 
by a master distribution system which employs an 
adequate number of antennas to secure good pictures 
from the several stations, and then provides ampli¬ 
fiers and multiple outlets to a large number of 
subscribers. 

A signal strength in excess of 5000 microvolts 
per meter will provide excellent service, even where 
a moderate amount of industrial and ignition noise 
is present. Five hundred microvolts per meter is 
sufficient for residential and rural areas. Where 
co-channel interference is not a limting factor, there 
are many receivers giving quite acceptable perform¬ 
ance to their owners at distances of 60 to 100 miles 
and where the signals at the receiver terminals 
scarcely reach 200 microvolts. 

However, the ultimate acceptability to the receiver 
owner rests mainly on choice of good program mate¬ 
rial and smoothness of technical operation of the 
entire broadcasting staff. 



CHAPTER 13 

MARINE RADIO EQUIPMENT 


The marine radio equipment described in this 
chapter will be found on ships of the United States 
Maritime Commission and other operators of mer¬ 
chant and tank ships. The Mackay FT~106 and 
the RMCA 4U marine radio units, described in the 
forward part of the chapter, represent a new ap¬ 
proach to the design of marine radio installations. 
This design has been freciucntly referred to as 
“packaged” equipment, inasmuch as each of these 
units include all the essential transmitters, receivers, 
auto alarms, power supplies, control apparatus, and 
associated equipment, assembled in a compact steel 
enclosure of the console type. A basic considera¬ 
tion in the design of these units was a physical 
construction capable of installation in a minimum 
of time. The various components are assembled 
and wired at the factory in their respective frames. 
Inter frame cables are supplied to facilitate inter¬ 
connections between frames during installation. 

The “packaged” type of marine radio installation 
has the added advantage that all components and 
operating controls are standardized with regard to 
their position. This simplifies and expedites the 
training of installation, oj)erating and maintenance 
personnel. 

The descriptions of these and other marine radio 
equipmcMits in this chapter have been taken, for the 
most part, with little change from the instruction 
manuals supplied by the manufacturers. 

lS-1. Mackay Radio FT-106 Marine Radio 
Unit —The FT-106 marine radio unit consists of 
three steel cabinets each 72 inches high, 29 inches 
wide, and 19 inches deep. Three cabinets are sup¬ 
plied so as to permit passage through doors and 
hallways and otherwise to facilitate handling. Lift¬ 
ing eyes are attached to the top of each unit, per¬ 
mitting the units to be hoisted without difficulty. 
The three cabinets are bolted together after being 
placed in position, forming an assembly 72 inches 
high, 87 inches wide, and 19 inches deep. The as¬ 
sembled transmitter complies with the requirements 
of the F.C.C., the Bureau of Marine Inspection and 
Navigation, and the U. S. Maritime Commission. 
Doors provided on the sides and front of this unit 
permit access to the equipment within the cabinets. 
The operating shelf extends the full width of the 
unit providing a surface 87 inches by 18 inches 
with the message compartments immediately to the 
rear of the shelf. The doors of the unit are re¬ 
inforced and are held in place by captivated thumb¬ 
screws. Each panel-mounted component, with the 
exception of the antenna and grounding switches, 
is arranged to be removed from the front for ad¬ 
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justment and part replacement if required. Con¬ 
trols for starting and stopping equipment, switch¬ 
ing the various units, and charging all batteries are 
located within easy reach of the operator. Gen¬ 
erators and starters are treated for vibration and 
electrical noise and placed in the lower section of 
the unit where they are accessible from the front. 
Storage space for spares is also furnished in the 
lower section. A ventilating fan within the cabinet 
prevents overheating of components. Emergency 
illumination of all controls, fuses and emergency 
power equipment is provided. Special precautions 
have been taken in tlie design and manufacture of 
the equipment to render it moisture proof and re¬ 
sistant to corrosive action from salt sea atmosphere. 
All lei rous panels are jilated to prevent rust. Metal 
panels in the vicinity of radio frequency inductors 
are copper plated to prevent losses. 

13-la. Components of FT-106 Marine Radio 
Unit —The individual components which com¬ 
prise the FT-106 Marine Radio Unit are as follows: 

1. Main and Emergency Radio Transmitter 
ISSAY provides for telegraphic transmission using 
the ship’s power sujiply or its own battery power in 
case of failure of the ship’s power. The trans¬ 
mitter, together with its battery controls, main 
motor generator, and starter, is assembled in the 
center cabinet of the marine unit. The transmitter 
panel, hinged at the bottom, swings outward, giving 
access to all components. The emergency motor 
generator is located in the base of the right hand 
cabinet of the marine unit. 

The 155AY transmitter jirovides operation on any 
eight pre-set frccjucncies in the intermediate range 
of .ship frequencies (350-500 kc). These frequen¬ 
cies may be cither master-oscillator or crystal- 
controlled, as chosen by the operator. Switching 
is provided to permit operating as a main trans¬ 
mitter using power from the ship’s line or as an 
emergency transmitter operating from batteries. 
As a main transmitter, the 155AY provides an 
output of more than 200 watts CW (A-1 emission) 
and more than 300 watts ICW (A-2 emission). 

The power output using the 24-volt emergency 
power is in excess of 40 watts CW (A-1) iind 50 
watts ICW (A-2). Satisfactory communication is 
therefore assured, even when the ship’s power is 
not available. The signals using either power 
source are clean cut and sharp, and the modulation, 
which is nearly sinusoidal, is readily distinguishable 
through heavy interference or atmospheric noises. 

An IF-HF switch on the 155AY panel provides a 
means of using the rectifier and filter components 
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Fiu. 1,’-1. The Mackay 

of the 155AY to provide a ])late voltaj^c for the 
167AY his^li-frequency transmitter. This switch 
also provides a means for connectinp^ the filament 
transformer in the hijjh-frequency transmitter to the 
lilamcnt supply winding of the main motor gfener- 
ator whenever the switch is in the position which 
transfers plate power from the tubes in the 155AY 
transmitter to the tubes in the 167AY transmitter. 

The keying: of the 155AY transmitter is accom¬ 
plished by a keying relay which makes and breaks 
the input circuit of the rectifier power transformer. 
'Phis relay operates from the 115-volt d-c line or 
from the 24-volt battery, depending on whether 
main or emergency operation is employed. An 
additional set of contacts on this relay keys the 
oscillator of the 167AY transmitter. 

2. Radio Transmitter 167AY provides telegraphic 
communication on all frequencies between 2 and 24 
me. In the FT-106 marine radio unit, this trans¬ 
mitter is provided with power from the rectifier 
which is included in the 155AY transmitter. Key¬ 
ing is accomplished using the keying relay of the 
155AY which is in the primary circuit of the recti- 



i'T-10() marine r.'ulio unit. 

fier. An additional set of contacts on the keying 
relay keys the plate supply of the oscillator in the 
high-frequency transmitter, thus assuring no inter¬ 
ference if break-in operation is desired. 

The 167AY transmitter, which is located in the 
left-hand section of the marine unit, provides an 
output of more than 200 watts CW (A-1 emission) 
on any frequency between 2 and 16 me and more 
than 150 watts between 16 and 24 me. These fre¬ 
quencies may be either master-oscillator or crystal- 
controlled, as chosen by the operator. Provision is 
made for ten crystals, which, through harmonic 
operation, will provide up to forty crystal-controlled 
frequencies. 

The front panel of the transmitter is hinged at the 
bottom, thus allowing the front panel to swing out¬ 
ward, giving access to all components within the 
transmitter. 

3. Anto Alarm Receiver lOlB and Auto Alarm 
Selector 101B, both of which are mounted on the 
panel at the upper right of the right-hand section 
of the Marine Unit, maintain a radio watch when 
the operator is off duty. The device is receptive to 
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all modulated radio signals transmitted on the 
calling and distress frequency of 500 kc (600 me¬ 
ters) but is so arranged that it will reject all com¬ 
binations of code signals except those composing 
the international distress call. Alarm bells on the 
bridge, in the radio room, and in the operators* 
quarters announce the reception of such signals. 
The receiver and selector are mounted on separate 
chassis, which swing outward, permitting access to 
all parts. The radio room alarm bell is mounted 
on the back of the Unit, while the alarm pilot lamps 
are placed directly in front of the operator, on the 
front panel. The power supply unit for the auto 
alarm is located on the hack panel, behind motor 
generator 120. An automatic distress transmitting 
device, for automatically keying the transmitter, is 
also incorporated as a part of tlie auto alarm. 

4. Radio Receiver 128AV is placed just above 
the operating shelf on the right side of the Marine 
Radio Unit where it is w ithin easy reach of the 
operator when he sits in front of the typewriter. 
This receiver uses 6-volt storage batteries for fila¬ 


ment power and includes a rectifier connected to 
the ship's a-c line to provide plate supply for the 
tubes. Switching is provided to permit transfer to 
batteries included in the Unit if the ship's 
power should fail. 

This receiver covers the range of 15 to 650 kc 
in four bands. It is of modern design having a 
full-vision, illuminated, directly calibrated scale with 
a single knob control. Absolute freedom from 
images or false signals is obtained. Stability under 
vibration and tuning of high piactical order has 
been secured in the design ot this receiver. The 
receiver is conifiletely removable from the front of 
the cabinet. The connecting leads between the re¬ 
ceiver and the Unit arc sufficiently long to permit 
servicing the receiver on the operating .shelf of the 
Unit. The receiver may he removed completely by 
removing three plug-in cords. This receiver may 
be connected to operate from the main, emergency, 
or the auxiliary antenna. 

A had has been run from the audio output circuit 
of the 128AV receiver to the time c ukck switch of 



Fig. 13-2, Mackay FT-106 marine radio unit with front panels open. 
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the Marine Radio Unit from which point a cable is 
run to a jack located near the chronometer in the 
chart room to permit easy checking of the 
chronometer. 

5. Radio Receiver 123BX is an emergency re¬ 
ceiver utilizing a crystal detector. This receiver, 
which covers the intermediate frequency range of 
350 to 550 kc, is immediately usable in case of 
failure of the main receiver. It is arranged to be 
used with either the main, emergency, or auxiliary 
antenna. 

6. Radio Receiver SLR--F is an eleven-tube 
superheterodyne covering the frequency ranges of 
80 to 560 kc and 1.9 to 24.0 me in five bands. This 
receiver is located in the left-hand section of the 
Marine Radio Unit, immediately below the 167AY 
transmitter, in a position where it is easily acces¬ 
sible to the operator. 

This receiver, which obtains its power from the 
ship’s a-c line, may be removed from the panel on 
which it is mounted by removing four thumbscrews. 
The leads between the receiver and the Unit arc 
long enough to permit servicing the receiver placed 
on the operating shelf. These leads are of the 
plug-in type, making it easy to remove the receiver 
completely if the need should arise. 

A lead is run from the audio output circuit of the 
receiver to the time check switch of the Marine 
Radio Unit, making it possible to obtain time check 
signals on high frequencies. 

A doublet antenna is provided with the Marine 
Radio Unit for connection to this receiver, which is 
not connected to any of the other antennas. 

7. Antenna Switch 107A is located in the upper 
left corner of the right cabinet of the Marine Radio 
Unit. This switch and the grounding switch located 
immediately below it include all facilities for switch¬ 
ing the antennas to the transmitters, receivers, and 
auto alarm, for grounding the antennas, and for 
connecting the dummy load to the 155AY trans¬ 
mitter for testing. A direction finder signal lamp is 
included on the antenna switch, and the necessary 
interlocks to assure accuracy of the direction finder 
calibration are provided. All high voltage parts are 
located behind the panel, providing safety for the 
operator. 

8. Battery Charging and Control Circuits are 
placed on a panel in the right cabinet of the Unit, 
just above the 128AV and 123BX receivers. Two 
sets of batteries are provided for both the auto 
alarm and the 128AV receiver, and the switching 
facilities permit charging of one set while the other 
is in use. All charging resistors are placed within 
the cabinet, a ventilating fan serving to exhaust the 
heat generated. This fan, which operates at two 
speeds, is automatically started when any of the 
charging switches are thrown, the speed being pro¬ 
portioned for the heat to be dissipated. A thermo¬ 
stat placed above the charging resistors will auto¬ 
matically open the main charging circuit in case of 


failure of the fan leading to excessive heating, thus 
preventing possible damage to internal components. 
A d-c line voltmeter is also placed on this panel 
providing an indication of line voltage and polarity 
at all times. 

9. Lights and Miscellaneous Equipment Emer¬ 
gency lights operating from the 24-volt emergency 
battery are arranged to illuminate all controls on the 
front panel as well as the emergency generator, 
fuses, “B” batteries, and terminal e(|uipment. 

A convenience outlet for a soldering iron or 
extension light is located in the right-hand section 
of the Unit. This provides 110 volts d-c. 

Panel space for a radio clock (not ordinarily fur¬ 
nished with the equipment) is provided in the right- 
hand section immediately below the antenna ground¬ 
ing switch. 

At the rear of the lower section of the right hantl 
cabinet are located “B” batteries for emergency 
operation of the auto alarm and 128AV receiver. 
These batteries may be placed in position from the 
front of the equipment and may be reached for 
periodic testing by opening the door on the right 
side of the Unit. 

To the left of the right-hand bottom section are 
the fuses for charging circuits, emergency light cir¬ 
cuit, and the auto alarm power supply circuit. The 
line voltmeter is connected across the last mentioned 
circuit, while the ventilating fan operates from the 
charging circuit. Below the fuses is the main ter¬ 
minal block to which are connected receiver bat¬ 
teries, auto alarm batteries, and remote auto alarm 
lights and alarm bells. 

Below the main terminal block is a two-terminal 
block for connecting to the direction finder control 
and signal circuit. To the right of this are two 
fuse blocks for the a-c ship’s line and the direction 
finder battery charger. 

Toward the front of the right-hand bottom sec¬ 
tion is the main disconnect switch. This switch is 
of the enclosed safety type which does not expose 
the operator to shock. It is used to disconnect com¬ 
pletely the 110 volt d-c ship’s supply from all equip¬ 
ment. Below this switch is placed the fuse block 
for the 24-volt emergency battery. The feeders 
from the ship’s power board and the emergency 
batteries are connected at these points. 

The two generators in the bases of the right-hand 
and center sections of the Unit are mounted on 
cushion supports which in turn are attached to 
separate base plates. In order to remove a gen¬ 
erator for inspection, replacement, or repair, it is 
only necessary to remove the four screws which 
hold the small base plates to the channel frame of 
the Marine Unit and slide the machine out. 

The time limit starter for the main motor gen¬ 
erator is located to the left of the machine in the 
rear of the center section of the Unit. The start¬ 
ing relays for the emergency generator are placed 
inside its terminal box. 
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The wiring details as they apply to particular 
equipments will be covered in the individual descrip¬ 
tions that follow. 

13-lb. Mackay Radio Transmitter 1S5AY 
(Component of FT-106 Marine Radio Unit)— 

Radio transmitter 155AY is designed especially for 
use as a main and emergency transmitter on cargo 
vessels. It provides for quick change to any one 
of eight frequencies in the intermediate frequency 
range of 350 to 500 kc (857 to 600 meters). Auto¬ 
matic break-in operation is received by means of the 
keying relay which transfers the antenna from 
“Send’* to “Receive” when the transmitting key is 
opened. The transmitter will deliver in excess of 
200 watts CW (A-1) and over 300 watts ICW 
(A-2) into the average ship’s antenna when oper¬ 
ating from the ship’s supply of llS volts d-c. 
Emergency operation of the transmitter from the 
24-volt emergency battery provides an output in 
excess of 50 watts ICW (A-2) on all frequencies. 
CW (A-1) output of approximately 40 w'atts is 
also available. Emergency operation for a period 
of six consecutive hours is provided as required by 
the Federal Communications Commission. The 
transmitter is designed to operate into an antenna 
of from 1 to 14 ohms resistance, and from 500 to 
1500 fifii equivalent capacitance. Modulation at 
approximately 720 cycles is obtained for ICW. 
The modulation is nearly sinusoidal and is greater 
than 85 percent. Figure 13-3 shows a wiring dia¬ 
gram of the 155AY transmitter. 

Switching facilities are provided for charging 
and discharging the emergency batteries, for con¬ 
necting the transmitter to either the main or emer¬ 
gency generator, and for starting either motor gen¬ 
erator, Meters are jdaced in the battery and trans¬ 
mitter circuits for determining all important and 
essential conditions of operation. 

1. Frequency Stability. The maximum fre¬ 
quency deviation from a preset value will in no 
case exceed ± 0.1 percent due tc all causes, i.e., 
antenna tuning, temperature variation, line voltage 
variation, vibration, plate and tilameiit voltage fluc¬ 
tuation, modulation, keying, etc. The precision to 
which a frequency can be set depends only on the 
precision of the frequency standard used for 
comparison. 

2. Motor Generators and Starters. The main 
motor generator (motor generator 116A) is located 
in the lower compartment of the center section of 
the Marine Unit, mounted on rubber vibration ab¬ 
sorbing cushions. This machine is a single unit, 
two ball-bearing, drip-proof motor alternator. Ap¬ 
proximately 75 volts at 120 cycles is taken from slip 
rings on the motor to provide filament power. The 
plate power, which is provided from the alternator 
end of the machine, is 200 volts at 720 cycles. The 
machine is designed to operate the transmitter satis¬ 
factorily with line voltages ranging from 90 to 120 
volts. A field rheostat located on the front panel of 


the 155AY transmitter controls the 720-cycle output 
voltage of this machine. Filters are included in the 
terminal box and at the generator and motor brushes 
to reduce electrical noise interference to near-by re¬ 
ceivers over the operating range of frequencies. 
The starter for this motor generator is mounted on 
the rear panel of the Marine Unit in the center 
section, just behind the generator itself. This 
starter consists of an escapement type device with 
suitable starting resistance to bring the motor up 
to speed without placing an excessive load on the d-c 
line. In addition, this starter is equipped with a 
pair of auxiliary contacts which function as a time 
delay of 15 seconds to prevent premature applica¬ 
tion of plate voltage to the mercury vapor rectifier 
tubes when starting the equipment. 

The motor generator used with the battery supply 
(motor generator 120A) is of the identical size 
and construction as the main machine described 
above. This motor generator produces 12()-cycle 
power equivalent to that of the main machine, and 
720-c\clc power at approximately 100 volts, as 
determined by a field resistor in the terminal box 
of the motor generator. The motor and generator 
field are wound to operate on 24 volts. A starting 
circuit, consisting of two relays and a series re¬ 
sistance, cause the motor generator to come up to 
speed smoothly and without excessive current in¬ 
rush. A time delay circuit consisting of a relay find 
a thermal delay strip prevents the application of the 
emergency power until the rectifier tubes have 
heated. This time delay circuit is mounted on the 
right rear of the transmitter base. 

Both generators are mounted on separate metal 
pieces to which arc attached the generator cushions. 
If it is desired to remove a generator for service 
or inspection, it is necessary only to detach the 
bolts which secure the two independent pieces to 
which the cushions are attached, and slide the ma¬ 
chine forward. 

3. Power Supply and Poiver Equipment. 
Mounted on the base of the transmitter arc the 
necessary transformers, rectifier and filter compo¬ 
nents for converting the 720-cycle output of the 
generators to the correct voltages and currents for 
operating the vacuum tubes. The transmitter power 
supply consists of a single-phase, full-wave rectifier, 
using mercury-vapor tubes, and a single section 
filter, providing plate power for the master- 
oscillator-buffer tube, intermediate and power ampli¬ 
fier stages. A small half-wave rectifier tube and 
single-stage filter provide plate power for the 
crystal-oscillator stage when that is used. This lat¬ 
ter rectifier is connected in a bridge circuit pro¬ 
viding reduced voltage when the key is raised. This 
voltage is just enough to keep the crystal in oscilla¬ 
tion, thereby assuring clean-cut signals even with 
crystals which may be slow starting. 

A filament transformer, a power-factor-corr6cting 
conden.ser, and a modulation transformer to plate- 
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modulate the final stage are also mounted on the 
base of the transmitter. A simple wave filter is 
provided to insure that the modulating voltage is 
essentially sinusoidal. 

4. Method of Si(jnaling. Keying of the trans¬ 
mitter is accomplished by means of a break-in relay 
which is operated from the 115- or 24-volt supplies, 
depending upon wbether main or emergency opera¬ 
tion is employed. The power contacts of this relay 
breiik the power input to the plate transformer of 
the mercury vapor rectifier, and through the back 
contacts connect the bridging circuit to the small 
rectifier when the key is released. 

Contacts in the antenna circuit of the trans¬ 
mitter transfer the antenna to the 128AV receiver 
whenever the key is released. An additional set of 
“make” contacts on this relay provides a means for 
keying the plate supply of the oscillator in the 
167AY transmitter. 

For lew operation the 720-cycle voltage is fil¬ 
tered to produce a good wave form, and is applied 
to the primary of the modulation transformer which 
plate modulates the final stage in a series modulated 
circuit. Change from CW to ICW operation is 
accomplished by the cw-icw switch at the right 
center of the tran.smitter panel. This switch closes 
the circuit from the generator to the primary of 
the modulation transformer in the icw position, 
1'he circuit is so arranged that no power is applied 
to the modulation transformer unless the keying 
relay is closed. 

The transmitter functions in an identical manner 
regardless of whether the main or emergency motor 
generator is used. "Uie f)anel switch marked J’ower 
connects the 120- and 720-cycle power of whichever 
machine is in use to the transmitter components, 
and transfers the keying relay circuit to the proper 
.source for the generator in use. The battery-driven 
emergency generator is arranged to provide but 
one half of the 720-cycle output voltage of the main 
machine, but the operation of the transmitter is 
identical in either case. 

5. Type of Circuit. Radio-frequency circuits of 
the 155AY transmitter shown in Figure 13-3 in¬ 
clude a crystal oscillator, a master-o.seillator buffer, 
an untuned intermediate amplifier, and a final ampli¬ 
fier. The crystal oscillator employs a 6L6 tube in 
a tuned grid untuned plate circuit with plate supply 
coming from a IV lube in a half-wave rectifier cir¬ 
cuit. This rectifier, which is disconnected when the 
XTAL-ELEC switch is in the elec position, provides 
a continuous d-c supply for the operation of the 
crystal-oscillator circuit during the periods when the 
transmitter is running. This separate supjily cir¬ 
cuit is provided to eliminate the lag present when 
an oscillator using crystals in this frequency range 
is keyed. Key-up interference is reduced to a low 
level by means of a bridging resistance connected to 
the back contacts of the keying relay, which de¬ 
creases the voltage applied to the oscillator during 


the key-up periods, yet maintains weak oscillations. 
When the key is closed, the voltage applied to the 
crystal oscillator circuit is increased to a working 
value, but as the crystal is already oscillating, no 
time is required to secure normal crystal oscillator 
operation. 

The second 6L6 may be used as a buffer amplifier 
stage for the crystal oscillator, or as a master oscil¬ 
lator. As a buffer amplifier stage, the circuit is 
that of a tuned plate untuned grid type of amplifier. 
The plate tuning which is preset for the eight fre¬ 
quencies on which the transmitter is to operate is 
accomplished by taps on the plate coil and eight 
trimmer conden.sers. An eight-position switch lo¬ 
cated on the left center of the transmitter panel 
serves to select the proper crystal, the crystal oscil¬ 
lator grid inductance, and the tap and condenser of 
the buffer amplifier. 

When the xtal-elec switch is in the elec posi¬ 
tion, the grid circuit of the second stage is con¬ 
nected to a coil located within the plate coil of the 
stage, forming an untuned grid tuned plate oscillator 
of the inductive feedback type. The eight trimmer 
condensers of the plate circuit of the master- 
oscillator buffer stage and the xtal-elec switch are 
located on a vertical panel hung under the left side 
of the transmitter .shelf. 

The intermediate amplifier employs a single 
F-123-A tube with cathode bias to protect the tubes 
in case of loss of excitation. Its output is imped¬ 
ance coupled by means of .suitable chokes and block¬ 
ing condensers to the grids of the final amplifier 
tubes. 

The final aniplificr employs tw'o l'-123-A tubes in 
parallel. These are also protected by means of 
cathode bias. The plate circuit of the final amplifier 
contains a radio freiiuency transformer for trans¬ 
ferring energy from the tubes to the antenna circuit. 
The primary of this transformer presents a high 
impedance, since it is roughly self-resonant in the 
middle of the band of frequencies over wdiich it is 
required that the transmitter operate. The second¬ 
ary of this radio freciuency transformer is wound on 
a ceramic form and consists of a few turns wdth 
frequent taps. This provides for adjusting to vari¬ 
ous antenna resistances. This transformer is lo¬ 
cated at the right side below the shelf of the trans¬ 
mitter. Its secondary is connected in series wdth 
the antenna loading coil. 

The antenna loading coil is located on the right 
front corner of the transmitter shelf and consists 
of a tapped coil wdth a rotor which is controlled 
by the knob marked “Antenna Tuning” at the upper 
right of the transmitter panel. A swdtch at the 
rear of the coil, actuated by the rotor, is part of 
the coil assembly. This switch changes the induc¬ 
tance by means of changing taps on the stator wind¬ 
ing as the rotor passes through the 180° position. 
An auxiliary contact on this sw’itch opens the power 
supply so that the switch is not permitted to change 
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the taps while radio frequency energy is in the 
antenna circuit. By this means, any antenna whose 
equivalent capacitance falls in the range of 500 to 
1500/4,/if may be tuned without additional wave- 
change control. 

A pair of contacts of the keying relay is inserted 
in the antenna circuit between the radio frequency 
transformer and the loading coil. The.se contacts 
serve to transfer the antenna from the “Transmit” 
to "Receive” position for break-in operation. A lead 
for the receiver antenna is brought to a stand-off 
insulator at the top of the terminal board between 
the center right hand frames of the Marine Unit. 
In order to protect against excessively high plate 
voltages and abnormal conditions of operation, a 
glass-enclosed gas-filled protective spark gap is 
placed at the high potential end of the radio fre¬ 
quency transformer primary and a high resistance 
in scries with this gap limits the current upon dis¬ 
charge. The direct-current component of this cur¬ 
rent operates a relay of which the coil is in series 
with the limiting resistor. The contacts of the 
relay are in the keying circuit and open the power 
to the primary of the jilate transformer upon dis¬ 
charge of the gap. In case of failure of the glass- 
enclosed protective gap, an auxiliary spark gap is 
located immediately below the glass cartridge. This 
auxiliary gap, which parallels that in the cartridge, 
will discharge and afford the necessary protection. 

6. Metering Facilities, Five meters arc located 
on the front panel of the transmitter. The left- 
hand meter of the panel, labeled chg. current, indi¬ 
cates the rate of charge in the 24-volt emergency 
battery. The second meter, labeled pi.ate current, 
indicates the cathode current of the different radio¬ 
frequency stages as chosen by the plate current 
switch on the upper left corner of the transmitter 
panel. 'Jdie center meter labeled ant. current, 
indicates the radio-frequency current at the ground 
end of the antenna circuit. The fourth meter, 
labeled fil. voltage, indicates the voltage in the 
filament of the crystal oscillator stage. The right- 
hand meter, labeled batt. voltage, indicates the 
voltage of the emergency batteries whenever the 
emergency motor generator is in operation. 

7. Switching Controls, "i'he power controls are 
placed above and between the filament and field 
rheostats near the bottom of the transmitter panel. 
To the left of the row of three switch knobs is one 
labeled power. The purpose of this control is to 
connect the transmitter to either the main or emer¬ 
gency generator. This switch controls the 120- and 
720-cycle power leads. In addition, it connects the 
keying relay to work on 24 or 115 volts, as the 
case may be. It is on this switch that a seal is 
placed, if one is used, since with this switch sealed 
in the off position, neither the 155AY nor the 
167AY transmitter can be used. The center switch, 
which is marked battery, when thrown to the left 
or CHARGE position, places the emergency battery 


on charge, and when thrown to the start position 
connects the battery to the starting relay in the 
terminal box of the 120A motor generator, starting 
the machine. During charge, the current rate is 
controlled by a toggle switch below the battery 
switch. This toggle switch, when in the upper or 
FULL CHARGE position, causes the battery to be 
charged at an 8-amp rate. When thrown to the 
lower or trickle charge position, the rate is 0.5 
amp. During trickle charge, when the heat gener¬ 
ated by the charger resistors is low, the fan operates 
at a low Sliced. When the battery is placed on full 
charge, the fan is run at the higher speed. This 
swdtch can also be used to control the rate of speed 
of the fan when the transmitter is in use, though 
under normal conditions, the lower rate of speed is 
adequate to discharge the amount of heat generated 
by the transmitter tubes and power components. 
The right-hand switch marked line, is placed in 
the 115-volt d-c line and, when thrown to the on 
position, operates to start the main motor generator 
and connect the d-c line to the keying and field 
circuits. 

On the lower left of the transmitter panel is 
placed a filament control for adjusting the filament 
voltage of all tubes. At the corresponding position 
on the lower right of the panel is the field rheostat 
which controls the 72()-cycle power output of the 
main motor generator. 

In a horizontal row above the power switch are 
three switches. The left switch is the freuuency 
switch by means of which the proper one of the 
eight pre-set fre(|uencies is chosen. The center 
switch, labeled if-iif .serves to transfer the filament 
and plate power from the 155AY transmitter to the 
167AY transmitter. The right-hand switch selects 
either CW (A-1) or ICW (A-2) emission. 

In the upper left corner of the transmitter panel 
is a .switch for transferring the plate current 
meter to the different stages, and in the upper right 
corner is the antenna tunin(; knob, controlling 
the rotor of the antenna loading coil, described 
previously, 

8. Adjustment of Transmitter. I'he power, 
modulating, and filament transformers are equipped 
with taps corresponding to the maximum generator 
voltage which would be obtained with various d-c 
line voltages. The average d-c supply voltage may 
be ascertained from an observation of the line 
voltmeter on the right hand section of the Marine 
Radio Unit, and the transformers adjusted in ac¬ 
cordance with the following table: 


Line Voltage 
110-120 
100-110 
90-100 


Power 

Trans. Tap. 

0-255 

0-235 

0-210 


Modulation 
Trans. Tap. 

0-225 

0-208 

0-190 


^ Filament 
Tram. Tap 

0-73 

0-60 

0-60 


Although the transmitter can be made to deliver 
full power at the voltage of the line over the above 
ranges of 90 to 120 volts, it is adjusted at the factory 
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for 115-volt operation. Unless it is noted that the 
average voltage is less than 110 volts, no adjustment 
should be altered. If line voltage fluctuations are 
prevalent, the transformer taps must be set for the 
highest line voltage which will be experienced. 

After the antenna has been erected and the equip¬ 
ment has been installed in accordance with the fore¬ 
going installation instructions, proceed as follows: 

Place in the sockets in the base section of the 
transmitter two 866-A tubes and one IV tube. Be 
sure to connect the plate caps on the 866-A tubes. 
In the two octal sockets on the shelf place 6L6 
tubes, and in the three large sockets, F-123-A tubes. 
Note that voltage is indicated on the line voltmeter, 
and make sure that fuses are inserted in the trans¬ 
mitter and in the fuse clips for the 24 volt battery 
below the main line switch in the right hand section 
of the Marine Unit. Turn the power switch of the 
transmitter panel to main and the if-hf switch to 
IF. Place the battery switch in the off position. 
Turn the line switch to on. The main motor 
generator should start smoothly. Adjust the fila¬ 
ment rheostat so that the filament voltmeter reads 
6.3 volts. Allow the transmitter to run for fifteen 
minutes in this condition before pre.ssing the key. 
This permits the mercury in the rectifier tubes to 
evaporate from the elements and envelope. This 
fifteen-minute warm-up period should be observed 
whenever new mercury vapor tubes are inserted in 
the transmitter. It should be noted that the venti¬ 
lating fan is set in motion by the starting of the 
transmitter. This fan will operate only when the 
main motor generator is in use. 

Open the transmitter panel to the halfway point 
which provides access to the antenna coupling trans¬ 
former and the antenna tuning variometer. On the 
rear of the variometer is a switch which transfers 
the antenna circuit inductance from one value to 
another as the variometer is tuned through its range. 
The two leads from the switch must be connected 
to terminals on the variometer which will provide 
tuning over the entire frequency range for the an¬ 
tenna to be used. The variometer is equipped with 
three taps. The first is located on the upper end 
of the coil near the switch panel, the second at the 
lower end of the coil near the switch panel, and the 
third, or maximum inductance tap, is located at the 
lower end of the coil toward the front panel. In 
adjusting these taps, the leads from the upper switch 
terminal must be placed on the terminal which pro¬ 
vides resonance at 500 kc at some point on the vari¬ 
ometer dial between 0 and 100. This will be tap 1 
if the antenna is 800-^^f capacitance or greater, 
tap 2 if the antenna capacity is less than this value. 
If the upper switch lead runs to the variometer tap 
1, the lower switch lead should be placed on coil tap 
2; and if the upper switch lead runs to coil tap 2, 
the lower should be connected to coil tap 3. When 
so arranged, resonance will be obtained on all eight 
frequencies at some point on the variometer dial. 


The two leads which run to the taps on the cou¬ 
pling transformer (the ceramic form on the under 
side of the shelf directly below the antenna vari¬ 
ometer) vary the loading of the amplifier tubes. 
The number of turns to be used will depend upon 
the resistance of the antenna. With the frequency 
switch on tap 6, corresponding to a frequency of 
4(X) kc, the cw-icw on cw position and the field 
rheostat turned clockwise all the way to provide full 
power from the generator, adjust the coupler taps 
until an amplifier plate current of 350 ma is indi¬ 
cated when the antenna is resonated with the ant. 
TUNING knob. At 500 kc the amplifier plate current 
reading may be slightly higher than 350 ma and at 
355 kc, it may be slightly lower. In adjusting the 
coupler taps, use an equal number of taps on each 
side of the center of the coil, if possible. If it is 
necessary to use one turn less than an equal, this 
turn may be removed from either side of center. It 
will be noted that when the cw-icw switch is thrown 
to the icw position, the amplifier plate current drops 
slightly, because of the reduction in plate voltage 
when the added load is imposed upon the generator. 

With the PLATE CURRENT switch on the osc posi¬ 
tion, the cathode current of the crystal oscillator 
and master oscillator bufifer stages is read. If the 
transmitter is operating on master oscillator, there 
is no crystal oscillator cathode current; then the 
cathode current of the master oscillator buffer is 
read. With the switch on the ia position, the cath¬ 
ode current of the intermediate amplifier stage is 
read. This reading will vary with frequency, but 
will average about 70 ma over the frequency range 
and should in no case exceed 120 ma. With the 
switch in the third position, marked pa, the meter 
indicates the cathode current of the power amplifier 
stage. This reading will depend on how heavily 
the transmitter is loaded, but in no case should it 
exceed 380 ma. In normal operation, the switch is 
left in the third position marked pa where it acts 
as a guide for the operator making antenna 
adjustments. 

With the CW-ICW switch in the cw position, check 
the adjustment of all frequencies using master- 
oscillator operation. If possible, this should be done 
using a heterodyne type frequency monitor. Tun¬ 
ing controls are located on a bracket hanging from 
the under side of the left edge of the shelf of the 
transmitter. Eight trimmer condensers act as ver¬ 
nier frequency adjusting devices. These are num¬ 
bered to correspond to the position on the fre¬ 
quency switch with which they are associated. 

The transmitter panel may be opened to the 45° 
position, giving access to the tuning condensers. 
The transmitter may be run in this position, witli 
the plate voltage reduced by turning the field rheo 
fully counterclockwise. A pick-up loop for the 
heterodyne frequency meter will enable the operator 
to adjust all frequencies in this way. Note that 
when this is done, the power amplifier stage is oper- 



MARINE RADIO EQUIPMENT 


519 


ating without load. The plate voltage should be 
kept low to assure that the tubes are not damaged. 

The frequencies have been set up at the factory 
as follows: 


Frequency Sw. 

Posihon Frequency {kc) Wave length (m) 

1 . 500 600 

2 . 468 640 

3 . 454 660 

4 . 425 706 

5 . 410 732 

6 . 400 750 

7 . 375 800 

8 . 355 845 


If it is planned to operate the transmitter at fre¬ 
quencies widely different from those listed above it 
will, of course, be necessary to relocate the taps on 
the oscillator coil as well as adjust the vernier con¬ 
densers after the proper tap has been chosen. 

In adjusting to a frequency which requires a 
change of tap on the oscillator coil, remove the alu¬ 
minum shield can, relocate the tap, soldering it se¬ 
curely to the new position, and replace the shield 
before checking the frequency. Sufficient taps have 
been provided on the oscillator coil to permit tuning 
the transmitter to any frecjuency between 350 and 
500 kc. To lower the frequency, taj)s higher on 
the coil should be used. 

If an absorption type wavemeter is used, the an¬ 
tenna must be resonated before the frequency is 
checked. This may be done by closing the trans¬ 
mitter, or by using a jumper to comi)lete the antenna 
circuit. If the frequency is found to be a trifle high 
or low, the capacity of the corresponding trimming 
condenser should be increased or decreased slightly, 
and the antenna resonated before checking the fre¬ 
quency. Do not attempt to tune the oscillator to 
the wavemeter, as the maximum deflection of the 
wavemeter may result from resonance of the an¬ 
tenna circuit on other than the desired frequency. 

The circuit employed for the crystal oscillator is 
one in which oscillations occur without a crystal in 
place, at a frequency somewhat lower than that of 
the crystal. For this reason, dummy shorting plugs 
should be placed in all crystal jacks for which crys¬ 
tals are not supplied. This will prevent “off fre¬ 
quency” operation if crystal operation is attempted 
on a frequency for which there is no crystal. 

The frequency of self-oscillation in the crystal 
oscillator is very important to proper crystal opera¬ 
tion and is controlled by the crystal oscillator grid 
inductance which is located on the rear of the 
front panel directly above the filament rheostat. 
The coil is provided with seven taps, counting from 
the left of the transmitter toward the center. These 
taps are wired to the frequency switch to cause the 
oscillator to function without crystals at a frequency 
between 5 and 10 kc lower than that of the crystal. 

If it becomes necessary to employ a crystal in 
some particular crystal jack at a frequency widely 


different from that for which it is adjusted, the 
proper switch lead must be placed on the grid coil 
tap which will cause the circuit to self-oscillate at a 
frequency lower than that of the crystal. 

Should the r-f voltage across the amplifier plate 
coil become dangerously high, a discharge will occur 
across the gap in the cartridge which is mounted on 
the shelf at the rear of the antenna variometer. 
This discharge causes a relay to operate, opening the 
keying circuit. This relay is of the slow releasing 
type, and after a period of approximately one-half 
second the relay releases, again applying power to 
the transmitter. Should the condition which has 
caused the excessive voltage across the plate coil be 
unchanged, a discharge across the cartridge gap will 
again operate tlie relay and open the keying circuit. 
7'his cycle of operation will persist until the condi¬ 
tion is corrected. Under normal operation, the r-f 
voltage across the plate coil will be insufficient to 
result in a discharge of the gap, and the operation 
of the relay. Should the antenna be completely 
detuned under full i)ower conditions, or the power 
input raised beyond the point of safe operation by 
incorrect transformer tapping or some other means, 
a discharge will occur at the gap. operating the 
protective relay and preventing damage to trans¬ 
mitter parts. The additional gap beneath the car¬ 
tridge will function, should the cartridge become 
broken or inopenitive. 

Having checked the above, turn the line switch 
to OFF. Turn the power switch to emerg position. 
Turn the battery switch in the center of the panel 
to .START. 'J'he motor generator in the base of the 
right-hand section should start smoothly. The fila¬ 
ment voltmeter may read slightly less than with 
main power. Adjust the filament rheostat for 6.3 
volts. Turn the cw-jcw switch to icw position. 
(Normally only icw will be used for emergency 
operation.) No adjustment should be made to any 
circuits since those made for main operation will be 
correct. If other than the currents indicated (in 
the tabulation provided arc obtained, check the a-c 
output of motor generator 120A. ( Between ground 
and terminal 21 of the interconnecting blocks be¬ 
tween the right hand and center frame of the 
Marine Unit), adjust the variable field resistor 
(R16 of RC-2922-i4) in the terminal box of motor 
generator 120A to obtain 100 volts across these 
points. This adjustment has been made in the fac¬ 
tory and should not be necessary in the field. Dur¬ 
ing the above adjustments, the battery voltage meter 
at the top right of the transmitter panel should read 
24 volts. Should the battery voltage be higher or 
lower, readings may vary. 

Throw the battery switch to charge position. 
If the toggle switch below it is in the trickle 
charge position, the charging current meter at 
the top left of the panel should read .5 amp, and the 
ventilating fan should operate at slow speed.* When 
the toggle switch is thrown up to full charge the 










S20 


RADIO MANUAL 


meter will read 8 ampcrevS, and the fan operate at 
increased speed. Durinj;: operation of the trans¬ 
mitter, or at any time that the charg^er is not in use, 
this toggfle switch should be kept in trickle charge 
I)Osition to prevent operation of the fan at high 
speed when the transmitter is operated. Under 
conditions of extremely high ambient temperatures, 
it may be desirable to run the fan at high speeds 
when the transmitter is operated, in tvhich case the 
toggle switch may be left in full charge position, 
but this condition represents the unusual. 

9. Operation of Transmitter. Except when it is 
desired to use the battery power, the power switch 
on the panel should be kept in the main position. 
'J'o place the transmitter in condition for main op¬ 
eration, throw the i.ine switch to on position. The 
main motor generator at the base of the center sec¬ 
tion of the unit will come up to speed. Adjust the 
fdament rheostat until the filament voltmeter reads 
6.3 volts. Set the frequency switch on the position 
corresponding to the desired frequency of operation 
(Position 1 for calling purposes). After a period 
of approximately fifteen seconds, depress the tele¬ 
graph key and resonate the antenna by adjusting the 
antenna variometer until maximum current is indi¬ 
cated on the ANT. current meter. If the position 
of the antenna variometer has been listed on the 
card attached to the front panel, the variometer 
may be adjusted to the prescribed dial reading at 
the same time the frecjuency switch is adjusted. 
For normal operation, the field rheostat should be 
set at a point where 300 ma is indicated on the 
PLATE CURRENT iiicter when reading the current in 
the final amplifier circuit ( plate current switch in 
PA position). 'J1ie transmitter may be safely oper¬ 
ated at full power or the power may be reduced to 
one-half normal output if desired by adjustment 
of the field rheostat. It is poor practice to use 
more power than is required to effect satisfactory 
communication. 

cw or icw may be obtained by throwing the 
switch so labelled to the proper position. The 
f)Ower output of the transmitter, for any given field 
rheostat adjustment, is greater when operating icw 
than when cw is used. Should the protective relay 
operate during adjustment of the transmitter, it is 
an indication that adjustments are incorrectly made. 
If the power input is dangerously high, or the an¬ 
tenna circuit detuned, disconnected or grounded, the 
relay may operate whenever the key is pressed. 
Correcting the condition will cause the relay to 
cease operating. The cartridge associated with the 
protective relay or the gap beneath it should never 
be tampered with. In case of failure or destruction 
of the cartridge, the gap beneath it will provide 
protection, but the cartridge should be replaced at 
the first opportunity. Frequency changing is ac¬ 
complished by setting the frequency switch to the 
position representing the desired frequency and ad¬ 
justing the antenna tuning to obtain a maximum 


antenna current. If the plate current exceeds 350 
ma, the plate voltage should be dropped by means 
of a field rheostat. 

It will, of course, be necessary that the 107A 
antenna switch and the grounding switch be in the 
proper positions whenever the transmitter is operat¬ 
ing. The i-f transmitter may be operated into 
either the main or emergency ship’s antennas, de¬ 
pending upon which position the antenna switch is 
turned to. The f* rounding switch mu.st be in the 
ungrounded position, i.e., with the handle pushed in. 

10. Emergency Operation. To place transmitter 
155AY in operation from the emergency battery, 
turn the power switch to emerg and the battery 
switch to .start. The cw-icw switch will normally 
be in the icw position. When the battery switch 
is turned to tlie start position, the emergency 
motor generator in the right hand section of the 
Marine Unit will come up to speed. Adju.st the 
filament voltage to 6.3 and after waiting fifteen 
.seconds for the time delay to function, press the 
telegraph key and resonate the antenna following 
the same procedure as used in main operation. The 
output will be less than with main power, but the 
operation is in no way different. 

It is possible to cause both generators to run 
simultaneously by having the j.ink switch in the on 
position. No harm is done by so doing. There is 
no point in this procedure, however, as but one ma¬ 
chine can be used at a time. It should be carefully 
ascertained that the batiery voltage meter does 
not read when the emergency supply is not in use. 
This meter reads only when the battery switch is 
in the .start position. If the meter should read at 
any other time, repairs should be made immediately, 
since the drain on the batteries by the meter may 
impair emergency operation, should it prove 
necessary. 

11. Testing with Dummy Antenna. A dummy 
antenna load consi.sting of a condenser and a re¬ 
sistor has been built into the Marine Radio Unit for 
testing the 155AY transmitter, 'i'his dummy load 
is connected to the transmitter by the antenna 
grounding switch. With the antennas grounded, 
the load is connected to the 155AY transmitter. 
This dummy load is designed to permit testing the 
emergency operation of the transmitter. It is pro¬ 
vided with a spark gap on the condenser terminals. 
This gap will break down when the voltage across 
the condenser becomes too high, thereby detuning 
the transmitter if excessive power is provided to the 
dummy load. In this way, no damage can result 
through operation of the main transmitter with the 
dummy load. The method of operating the trans¬ 
mitter with this load is identical with that used with 
the actual ship’s antenna except, of course, the 
setting of the antenna variometer will normally be 
different. 

12. Precautions to Be Obsemed. Since the volt¬ 
ages within the transmitter during operation are 
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dangerous to human life, great caution should be 
observed when the panel is open for making internal 
adjustments. The only internal adjustments which 
may be made with the transmitter energized are the 
setting of the 8 trimmer condensers, the controls of 
which are at ground potential, and the position of 
the XTAL-ELEC switcli. The motor generators should 
be shut down whenever anything else within the 
transmitter is to be touched. If possible, the main 
line switch should also be open. 

In first placing the mercury vapor tubes in opera¬ 
tion, they should be allowed to run with filaments 
lighted at normal voltage for fifteen minutes before 
applying plate voltage, in order to make sure that 
all the liquid mercury which has been deposited on 
the electrodes of these tubes during shipment has 
been vaporized. This precaution should be observed 
whether the tubes are new or have been on the 
shelf for any period of time. 

The filament voltmeter should not be allowed to 
drop below 6 volts with the key down and the trans¬ 
mitter adjusted for operation. The voltage may be 
adjusted to 6.5 volts with the key up and operates 
normally with the filatnent voltmeter reading 6.3 
volts key down. If the filament voltage is allowed 
to drop below 6, rapid deterioration of the rectifier 
tubes results. Premature failure of the rectifier 
tube usually {)ccurs from low filament emission 
caused by under voltage or through api)lying plate 
vtdtage too soon after lighting the filaments. Con¬ 
tact on the motor stator prevents the application of 
plate power until about fifteen seconds after the 
START switch is thrown from main operation and a 
special time delay relay circuit provides this delay 
when the emergency power is employed. 

13. Maintenance of Ilqnipment, The commuta¬ 
tors and slip rings of the motor generators should 
be kept clean and free from dirt or grease. In nor¬ 
mal maintenance, the gentle application of a piece 
of canvas to the commutator and slip rings occa¬ 
sionally should keep them in good condition. A 
shiny, cofifee-colorcd surface, which is clean and 
without grooves or scratches, is an indication of a 
commutator in good condition. In smoothing com¬ 
mutators or slip rings, crocus cloth or fine sandpaper 
No. 00 or finer, should be used. Emery cloth must 
ne 7 *er he applied to electrical machinery. The ball 
bearings should be lubricated about every six 
months. In greasing the machines, remove the 
drain plugs on the under side of each bearing. Use 
only a sodium base grease of light consistency. (A 
tube of grease is furni.shcd with each machine.) 
Do not use an excessive amount of grease. After 
greasing, run the machine for a little while to re¬ 
move all pressure on the bearings before replacing 
the drain plugs. Great care should be taken to keep 
the grease and bearings clean. Dirt will destroy 
ball bearings quickly. The bearings should be 
washed in kerosene, gasoline, or carbon tetrachloride 
(pyrene), and replaced at least once a year. Do 


not permit grease to reach the brushes, brush hold¬ 
ers, commutators, or slip rings. Be sure, by occa¬ 
sional inspection, that the brushes are free in the 
brush holders, removing them and cleaning the sides 
of the bru.shes occasionally to prevent binding. 

The interior of the transmitter should be kept 
clean and free from dust. Accumulations of dust 
and moisture over a long period may cause serious 
breakdowns. 

The keying relay which is located on a bracket at 
the right side of the transmitter normally should 
need no attention over a period of time. The con¬ 
tacts may occasionally be cleaned by rubbing with a 
piece of crocus cloth or fine sandpaper. Care 
should be taken to prevent bending the contact 
springs of the relay when cleaning it. The protec- 
th e relay located on the same bracket may need to 
have its contact cleaned with a piece of crocus cloth 
occasionally in order to insure that the keying cir¬ 
cuit of which these contacts form a part is complete. 
The contacts of the emergency time delay relay on 
the transmitter base should be sanded about twice 
a year. The starting relays in the terminal box of 
motor generator 120A need no attention unless 
sticking of the contacts is experienced, in which 
case it will be necessary to sand them. 

1 f at any time the sections of the frecjuency 
switch should become .sticky in operation, a very 
slight film of light grease or vaseline may be applied 
with the finger tips to the switch contacts. In no 
ca.se should any ejuantity of grease be allowed on the 
switch, as this could cause .short circuiting from 
contact to contact and erratic performance of the 
Ovscillalor. 

In case of failure of the snap type switches on 
the tran.smitter panel, they may be removed from 
the back. This is accomplished by unscrewing the 
knobs of all three switches, removing the designa¬ 
tion .strip and un.screwing the two .screws which 
hold the switch in question. The wire.s connecting 
to the switches are so formed that they may be 
removed without tagging and placed on a new 
switch without question, as the leads are retained 
in position even though disconnected. 

13-lc. Mackay Radio Transmitter 167AY 
(Component of FT-106 Marine Radio Unit)— 
Radio transmitter 167AY is designed to provide 
radiotelegraphic transmi.ssion of any frequency be¬ 
tween 2 and 24 me. The transmitter will deliver 
over 200 watts cw on all frequencies between 2 and 
16 me and over 150 watts between 16 and 24 me. 
A special ca.scaded plate supply circuit in this trans¬ 
mitter provides radio frequency excitation of the 
final stage proportional to the antenna load imposed 
on the amplifier plate circuit. The antenna coupling 
circuit has been specially designed to insure satis¬ 
factory operation on any antenna which may be en¬ 
countered aboard ship. Meters have been placed in 
the transmitter circuits to determine all necessary 
operating conditions. 
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1. Frequency Stability. The maximum frequency 
deviation from any preset value will in no case ex¬ 
ceed ± 0.05 percent due to all causes. Under nor¬ 
mal conditions of operation, even greater frequency 
stability can be expected of the 167AY transmitter. 

2. Power Supply. All power for operation of 
the 167AY high-frequency transmitter is obtained 
from the main motor generator of the Marine Radio 
Unit and the rectifier circuits of the' 155AY trans¬ 
mitter. An IF-HF switch mounted on the panel of 
the ISSAY transmitter controls the transfer of 
power to the 167AY transmitter. This switch is 
a thrce-pole double-throw switch, the first pole of 
which completes the circuit to the filament trans¬ 
former of the 167AY transmitter. The second pole 
of the IF-HF switch transfers the high-voltage d-c 
output of the full-wave mercury-vapor rectifier to 
the plate circuit of the 167AY transmitter, simul¬ 
taneously opening the circuit to the plates of the 
155AY transmitter. The third pole of the if-hf 
switch opens the filament circuit of the power ampli¬ 
fier tubes in the 155AY transmitter whenever the 
switch is in the hf position, thereby reducing the 
load on the 120-cycle winding of the motor gener¬ 
ator. An adjustable compensating resistor in the 
primary of the filament circuit of the 155AY 
transmitter controlled by one pole of the if-hf 
switch compensates for this loss of load on the 
155AY filament transformer and maintains the volt¬ 
age constant as the switch is changed from one 
position to another. The method of adjusting this 
variable compen.sating resistor is described in the 
paragraph entitled “Adjustment of Transmitter.” 

3. Method of Signaling. The 167AY transmitter 
is keyed by the keying relay of the 155AY trans¬ 
mitter, one set of contacts of which keys the pri¬ 
mary of the rectifier, and a second set which keys 
the plate supply of the oscillator of the 167AY. 

Since the oscillator and the buffer stages of the 
167AY transmitter are dependent on the 115-volt 
d-c line voltage for plate supply, it is impossible to 
operate the 167AY transmitter except with the main 
motor generator. 

4. Type of Circuit. The radio-frequency circuits 
of the 167AY transmitter shown in Figure 13-4 
include an oscillator, a buffer stage, three multiplier 
stages, and a power amplifier stage. The oscillator 
stage employs a type 76 tube which may be used as 
either a cry.stal oscillator or a master oscillator. As 
a master oscillator, this stage forms a tuned-plate, 
untuned-grid inductive feedback type of oscillator. 
As a crystal oscillator, this forms a tuned-plate, 
untuned-grid inductive feedback oscillator with the 
crystal inserted paralleling the grid inductance. 
This will oscillate whether or not a crystal is in¬ 
serted in the crystal jack. It is therefore recom¬ 
mended that a shorting plug be inserted in those 
jacks in which no crystal is used, thus preventing 
transmission on frequencies other than those desired. 

The buffer stage consists of a 6L6 tube used as an 


untuned-grid, untuned-plate amplifier. This stage 
is also dependent on the line voltage for plate supply 
but is not keyed as is the oscillator. 

Three frequency-multiplying stages are employed 
to increase the oscillator frequency 2 to 12 times, 
resulting in output frequencies of 2 to 24 me. Ar¬ 
rangement of the multiplier stage is as follows: 

Oscillator Multiplier No. 2 Multiplier No. 2 Multiplier No. 3 

Frequency Frequency Frequency Frequency 

Jiange Range Range Range 

1-2 me 2-4 me 4-8 me 8-16 me 

12-24 me 

A frequency-multiplier switch labeled mult se¬ 
lector, selects the number of multipliers required 
to produce the desired output frequency, disabling 
the unused multipliers by removing their plate and 
screen voltages. If, for instance, the desired output 
frequency is in the 8 to 16 me range, the multiplier 
selector switch is placed in position 3, and all three 
multiplier stages are tuned, as described below. All 
three multiplier dials will be placed at similar read¬ 
ings. All three multipliers employ 6L6 tubes in a 
tuned-plate circuit. The first two stages are 
straight doublers, while the third stage functions as 
a doubler or tripler to obtain frequency multiplica¬ 
tion of 8 or 12, as the case may be. The third 
multiplier stage incorporates a single tuning con¬ 
denser and a coil in which the necessary taps have 
been taken oflf to permit either doubling or tripling, 
the required combination being switched into the 
circuit by placing the mult selector switch in posi¬ 
tion 3 or 4. A milliammeter with a selector switch 
is used to read the plate and screen current of each 
frequency multiplier stage as it is tuned. 

Two beam power tubes in parallel are used in the 
power amplifier stage. The grids of these tubes are 
connected by means of the multij)lier selector switch 
to the output of whichever frequency multiplier is 
required to produce the desired frequency. It is 
possible to double the frequency in the power ampli¬ 
fier. However, since the output and efficiency are 
very low when this is done, it is recommended that 
the frequency supplied to the grid of the 813’s be 
the same as the output frequency of the transmitter. 

The plate circuit of the power amplifier tube con¬ 
sists of a tapped inductance, portions of which are 
selected by the amplifier range switch, a tuning 
condenser amp tuning, and a coupling condenser 
labelled ant coupling. The inductance is divided 
into two sections, with several heavy turns to pro¬ 
vide for the high currents associated with operation 
between 16 to 24 me. The selector switch is so de¬ 
signed that extra heavy contacts and short paths are 
provided for these frequencies. The coupling con¬ 
denser is a high-capacitance unit, placed in the 
ground leg of the tank circuit across which is de¬ 
veloped a voltage required to feed the antenna. The 
antenna tuning circuit is isolated from d-c by the 
blocking condenser C34. The antenna circuit is 
arranged for resonance at all frequencies. This is 




Fig. 13-4. Schematic circuit diagram of the 167AY high frequency radio transmitter, a component of the Mackay FT-106 marine radio unit. 
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made possible by the use of a tapped loading coil 
and a two-unit condenser. A three position switch, 
labeled ant switch, serves to determine which 
combination of circuit elements is used to tune the 
antenna. In the number 1 position, the two con¬ 
denser sections are i)laced in series. In the number 
2 position, only a single section of the condenser is 
used; and in the number 3 position, the condenser 
is completely out of the circuit, llie six-position 
switch, labeled ant inductance, shorts out what¬ 
ever portion of the antenna tuning coil may not 
be needed. 

The power amplifier stage is equipped with a grid 
meter and a cathode meter to ena!)le adjustments to 
be made to the proper values of loading. 

The d-c plate current flows through the power 
amplifier and multiplier tubes in cascade, that is, the 
current first flows through the power amjdifier 
lubes and then through the multiplier tubes in a 
regulating resistor. The voltage supplied to the 
plates and screens of the multiplier tubes is thereby 
controlled by the current flowing in the power am¬ 
plifier stage. The grid circuit of the power ampli¬ 
fier is returned to a point on the regulating resistor 
which is negative with respect to the cathodes of 
the power amplifier tubes. This voltage is also 
controlled by the plate current of the power ampli¬ 
fier tubes and protects them by biasing the amplifier 
tubes and maintaining the amplifier cathode current 
at a safe value should the grid drive be removed. 
The plate and screen current of the power amplifier 
tubes are held at a low value until the multiplier 
stages are adjusted. As soon as voltage is supplied 
to the grids of the power amplifier tubes, the current 
flowing in the power amplifier and multiplier tubes 
is simultaneously increased. 1'his circuit also pro¬ 
vides against high radio-frequency voltages in the 
power amplifier plate circuit which would otherwise 
occur should the antenna circuit be detuned or 
opened, as the decreasing plate current in the 
power amplifier plate circuit when loading is re¬ 
moved results in an imme<liate decrease in grid 
drive, and the current flowing in the driver stages 
as well as the power amplifier stage is reduced to a 
low value. 

5. Metering Facilities. F'ive meters are mounted 
on the panel of the 167AY transmitter to read all 
the necessary currents and voltages to determine 
proper operation of the transmitter. The left-hand 
meter, labeled mult plate, indicates the current 
drawn by the plate and screen grid of the multiplier 
stages. 1'his meter may be switched to read this 
current at any one of the three multiplier stages by 
means of the switch located centrally on the panel, 
labeled plate current. The second meter desig¬ 
nated AMP GRID reads the combined grid current of 
the two power amplifier tubes. The center meter, 
labeled amp plate, reads the combined cathode cur¬ 
rents of the power amplifier tubes. The fourth 
meter, labeled fil voltage, is inserted in the fila¬ 


ment circuit of the multiplier and oscillator stages. 
It serves to indicate whether the filament voltage 
is proper. The right-hand meter on the panel, 
labeled ant current, indicates the current flowing 
in the output stud of the transmitter. Although 
this current may be small or large, depending on 
the frequency and the antenna used, a maximum 
reading will always indicate maximum power sup¬ 
plied to the antenna. 

6. Transmitter Construction. Radio transmitter 
167AY consists of a hinged front panel on which 
are mounted shelves and sub-assemblies containing 
the switches and components of the transmitter. 
The front panel is hinged at the bottom and the 
components are so located that the panel will swing 
forward with little effort. It is held in position 
with captivated thumbscrews, and a handle is pro¬ 
vided to permit easy opening. Stops are provided 
to hold the transmitter panel in position when it 
has been lowered 90°. All leads from the trans¬ 
mitter are brought out with extra flexible hinge 
wire to a terminal board mounted in the case of 
the unit adjacent to the center section. The antenna 
output circuit is brought to a clip mounted on an 
insulator near the top of the panel, at which point 
it engages with a stud, when the transmitter is in 
the closed position. The high voltage lead to the 
transmitter runs in the main hinge cable but does 
not connect to the terminal board on the unit, but 
runs instead to ii fuse box mounted on the rear 
panel, in a closed metal box, preventing accidental 
contact with this high voltage. The oscillator and 
buffer stages are constructed in a small shock 
mounted compartment located on the lower right 
corner of the front panel. This compartment is en¬ 
tirely removable by detaching the power cable plug 
and radio frequency feeder and removing the knobs 
and nuts on the shock mounting cushions. 

To the left of the oscillator compartment is 
mounted the multiplier shelf. On this shelf are the 
multiplier tubes, coils and condensers, and the se¬ 
lector sw’itch associated with the multipliers. The 
frequency check switch located with the controls in 
the multiplier shelf is mounted directly on the front 
panel, and next to components mounted on the multi¬ 
plier shelf. The multiplier shelf is mounted rigidly 
to the front panel and is supported in the rear by a 
bracket from the shelf across the bottom rear of the 
transmitter. This shelf contains the filament trans¬ 
former and the filter components, and is supported 
by the brackets of the transmitter frame and sup¬ 
ports in turn the multiplier shelf, as well as the 
components mounted on the shelf. 

Above the oscillator compartment and the multi¬ 
plier shelf is the amplifier shelf. This contains the 
power amplifier tubes, power amplifier plate circuit, 
and the antenna tuning components. These com¬ 
ponents are so arranged that easy access is obtained 
to any component, should it be necessary to check 
it or to make repairs. 
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All shelves, brackets, and panels are copper plated 
to prevent radio frequency losses to the adjacent 
radio-frequency components. Additional shielding 
is provided for the 1st and 2nd multiplier plate coils 
by aluminum shield cans which are fastened to the 
multiplier shelf by machine screws tapped into the 
shelf. 

The filament rheostat used in connection with the 
167AY transmitter is mounted to the left of the 
receiver, below the transmitter. 

7. Adjustment of Transmitter, Prior to operat¬ 
ing the transmitter, the filament transformer must 
be connected to the proper tap and the compensating 
resistor in the filament circuit of the 155AY trans¬ 
mitter should be adjusted for the line \oltage 
prevalent on the vessel. 'J'hese adjustments are 
made in the following manner: When the ship's 
d-c line voltage is between 90-110. the filament 
transformer should he connected on taps 0 and 60. 
For voltages between 110 and 120 volts, the filament 
transformer should he connected on taps 0 and 73. 

The filament compensating resistor of the 1SSA\' 
transmitter can hc^t he set by trial and eiror ad¬ 
justment, In general, a larger amount of resistance 
will he required in this resistor w'hen the line voltage 
is high. The exact setting will depend on the line 
\oltagc and on the tubes used and w ill, in general, 
need to he readjusted when either the line voltage 
or the tube complement is changed, A preliminary 
adjustment of this resistor should he made at ap¬ 
proximately 5 ohms, that is, with nearly the full 
resistor in the circuit, 'i'he main motor generator 
may then he started with the swdtch m the if 

position. With this done, the filament voltage of 
the 155AY may he adjusted to 6.3 volts as indicated 
on the voltmeter. The if-iif switch is now turned 
to the iiF position and the filament voltage of the 
155AY is again read. If the voltage has raised, 
additional resistance should he inserted in the com¬ 
pensating resistor, and if the voltage has dropped, 
the resistance of the comi)cnsating resistor should 
he reduced. In making the above test, the filament 
rheostat of the 167AY transmitter should he ad¬ 
justed, of course, to provide 6.3 volts as indicated 
on the filament voltmeter of that transmitter. 
Since the final amplifier tubes of the 155AY will 
draw a heavy current wdien first lighted, it is recom¬ 
mended that the comparison be made each time an 
adjustment is tried by switching from the if to the 
IIF position, thereby avoiding the heavy surge and 
the corresponding drop in filament voltage of the 
155AY, due to starting the cold tubes. If the line 
voltage of the ship is reasonably constant, it may be 
unnecessary to readjust cither filament rheostat at 
any time, when the if-hf switch is transferred from 
t>ne position to the other. 

The three oscillator controls are located at the 
lower part of the front panel. The control at the 
left, labeled osc range, permits the selection of 
the oscillator band for the desired frequency. 


There are eight oscillator hands tuned by the oscil¬ 
lator tuning dial, covering a fundamental frequency 
band c f 1 to 2 me. The right-hand switch, marked 
CRY.STAL SEL, provides for the selection of any crys¬ 
tal supplied with the transmitter or permits the use 
of the oscillator as a self-excited device. In the 
latter case, the crystal selector switch is placed in 
the E position. Each of the oscillator hands is 
separately calibrated and curve sheets for all hands 
are provided. 

To adjust the transmiter to any fre(]uency, divide 
the output frequency by 2, 4, S, or 12, whichever 
divisor results in a frequency between 1 and 2 me. 
Or, refer to the table below to determine in wdiich 
output fre(|uenry »'nnge the desired frequency falls, 
and divide by the multiplier indicated under the 
column headed Multiplier Selector, The multiplier 
selector swdtch i.> always placed in the jiosition 
corresponding to the last multiplier used. 


Output 

MuUtplto 

Mulltphn 

Multiplier 

Multi pUer 

Oscillator 

hrequt 

\o 3 

\o J 

\n 1 

Selfi inr 

Prequetuy 

(>M^ ) 

2 - 4 

(fH() 

{mt ) 

(m< ) 

2-4 

1 ( X 2 ) 

(mi ) 

1-2 

4 - 8 


4-8 

2 4 

2 ( X 4 ) 

1-2 

8-16 

8-16 

1-8 

2-4 

4 ( X 8 ) 

1-2 

16-24 

16-24 

4-8 

2-4 

4 ( XI 2 ) 

1-2 


From the calibration data rletcrmine the oscillator 
range and dial setting corresjumding to the funda¬ 
mental fre(|uency in the 1 to 2 me hand. If the self- 
e.xcited oscillator is to he used, set the crystal se¬ 
lector in position E. Set the oscillator range switch 
on the current hand number and the oscillator 
tuning dial at the proper point as determined by the 
curves. 

If a crystal is to he used, the crystal selector 
switch may he placed in any crystal position and the 
crystal inserted in the corresj)onding holder. When 
a crystal is used, tune the oscillator dial to 3 or 4 
main divisions low^r than the corresponding elec¬ 
tron oscillator setting. For instance, if the curves 
call for an oscillator dial reading 12.50, set the dial 
at 8.50 to 9.50 when a crystal is used. 'Fhe crystal 
will he, of course, ground for the frequency corre¬ 
sponding to 12.50 on the curve. 

After the transmitter has been properly adjusted 
for any frequency at which frequent operation is 
expected, all readings should be recorded on the 
cards provided on the front panel for this purpose. 
The adjustment of the power amplifier and antenna 
coupling transformers will depend, of course, on 
which antenna is used for the 167AY transmitter. 

Each setting of the oscillator will provide four 
output frequencies. As is to be expected, all four 
of these frequencies will not fall in bands assigned 
for marine use. In selecting an oscillator fre¬ 
quency, either for u.se of the self-excited oscillator, 
or to determine the frequency of a crystal, the out¬ 
put frequency is divided by 2, 4, 8, or 12, whiqliever 
divisor provides a frequency in the 1 to 2 me band. 
This frequency is set up on the oscillator, either 
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with the self->excited oscillator or using a crystal of 
the correct frequency. 

A frequency chart (p. 526) indicates the crystal 
or self-excited oscillator frequencies which must be 
selected to provide marine frequencies. The fig¬ 
ures in light print are output frequencies which may 
not be used commercially because they are not an 
assigned band. The heavy figures are working and 
calling frequencies which are usable for commercial 
purposes, the calling frequencies being preceded by 
the letter C. It is evident that proper choice of 
crystal or self-excited oscillator frequencies will 
permit operation on a number of bands. This chart 
may be used in setting up the self-excited oscillator 
to marine assignment or in determining the fre¬ 
quencies of crystal. It is not the intention to indi¬ 


cate that the transmitter is restricted to the fre¬ 
quencies outlined, as operation may be conducted at 
any point in the entire band of 2 to 24 me, in accord¬ 
ance with the attached calibration curves, providing 
the station is licensed for operation on the frequency 
used. 

In adjusting the self-excited oscillator to the 
calibration curves, it should be remembered that the 
ability of the oscillator to be reset is much greater 
than can be realized by reference to the calibration 
curves. On the curve sheets, there are but 10 divi¬ 
sions between each main division and each of the 
10 divisions represents 10 dial divisions. Since it 
is obviously impossible to estimate much closer than 
^ of one division on the calibration charts, which 
is equivalent to 5 dial divisions, the curve should 


Frequency Chart for Mack ay 167 AY Radio Transmitter 


No. 

Self-Excited or 
Crystal Freq. 

Multiplier No. 1 
(Scl. Sw. Po8. 1) 

Multiplier No. 2 
(Sel. Sw. Poa. 2) 

Multiplier No. 3 

Osc. X2 


Oac. X4 


Sw. Poa. 3 
Oac. X8 

Sw. Poa. 4 

Oac. X12 

1 

1845 

3690 


7380 


14760 

22140 

2 

1843.75 

3687.5 


7375 


14750 

22125 

3 

1843.33 

3686.66 


7373.33 


14746.66 

22120 

4 

1842.5 

3685 


7370 


14740 

22110 

5 

1841.66 

3683.33 


7366.66 


14733.33 

22100 

6 

1840 

3680 


7360 


14720 

C22080 

7 

1839.58 

3679.16 


7358.33 


14718.66 

22075 

8 

1838.33 

3676.66 


7353.33 


14706.66 

22060 

9 

1837.S 

3675 


7350 


14700 

22050 

10 

1836.66 

3673.33 


7346.66 


14683.33 

22040 

11 

1835.41 

3670.83 


7341.66 


14633.33 

22025 

12 

1560 

3120 


6240 


12480 

18720 

13 

1557.5 

3115 


6230 


12460 

18690 

14 

1556.25 

3112.5 


6225 


12450 

18675 

15 

1555 

3110 


6220 


12440 

18660 

16 

1552.5 

3105 


C6210 


C12420 

18630 

17 

1548.75 

3097.5 


6195 


12390 

18585 

18 

1546.87 

3093.75 


6187.5 


12375 

18562.5 

19 

1545 

3090 


6180 


12360 

18540 

20 

1388.33 

2776.66 


5553.33 



16650 

21 

1386.66 

2773.33 


5546.66 



16640 

22 

1383.75 

2767.5 


5535 


11070 

16605 

23 

1383.33 

2766.66 


5533.33 



16600 

24 


2765 


5530 


11060 

16590 

25 

1381.87 

2763.75 


5527.5 


11055 

16582.5 

26 

1381.25 

2762.5 


5525 


11050 

16575 

27 

1380 

2760 


C5520 


C11040 

C16560 

28 

1378.75 

2757.5 


5515 


11030 

16545 

29 

1378.12 

2756.25 


5512.5 


11025 

16537.5 

30 

1377.5 

2755 


5510 


11020 

16530 

31 

1376.66 

2753.33 


5506.66 



16520 

32 

1375 

2750 


5500 



16500 

33 

1373.33 

2746.66 


5493.33 



16480 




Osc. X3 


Obc.X6 



34 

1041.25 

2082.5 

3123.75 

4165 

6247.5 

8330 


35 

1040 


3120 

4160 

6240 

8320 


36 

1037.5 


3112.5 

4150 

6225 

8300 


37 

1035 


3105 

C4140 

C6210 

C 8280 


38 

1032.5 

2065 

3097.5 

4130 

i 6195 

8260 


39 

1031.25 


3093.75 

4125 

1 6187.5 

8250 


40 

1030 


3090 

4120 

6180 

8240 



Note: “C" denotes calling frequencies. 
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be used only as a guide in calibrating the trans¬ 
mitter. An accurate heterodyne frequency meter 
should be employed for adjusting the oscillator pre¬ 
cisely to frequency. The curves are calibrated suf¬ 
ficiently close to place a transmitter well within the 
required tolerance. It may be used for actual cali¬ 
bration when more accurate means of frequency 
adjustment is unobtainable. In such case, the frac¬ 
tional part of a division on a curve sheet must be 
estimated in tenths of a division and the oscillator 
dial set accordingly. 

It has been mentioned heretofore that the oscil¬ 
lator dial is adjusted to about 3 or 4 main divisions 
lower frequency in numbers for a crystal than the 
corresponding setting for self-excited oscillator as 
indicated on the curves. In initial adjustment of a 
crystal freciuency, the high voltage fuse should be 
removed, and a one inilliampere meter plugged into 
the jack in the oscillator unit. With the key de¬ 
pressed and no crystal in use, the meter will read .1 
ma or less. When a cry.stal is switched into the 
circuit and the dial adjusted lower in frequency 
than the corresponding self-excited oscillator set¬ 
ting, the meter will increase in reading to about .13 
ma. Adjustment of about .2 to .3 is suitable. 
Tuning of the oscillator permits adjustment of the 
crystal frequency within a restricted range. The 
crystal should always be checked when first in¬ 
stalled with a heterodyne frequency monitor, and 
the oscillator dial adjusted to precise frequency as 
indicated by the beat note, but always lower on the 
oscillator dial than the corresponding self-excited 
oscillator setting. 

The self-excited oscillator may be checked for 
normal operation by observing the oscillator grid 
current with an external meter as explained above. 
I'lie grid current used in the self-excited oscillator 
varies from 0.3 ma on range 8 to 0.1 ma on range 1. 

The circuit is one in which oscillation is main¬ 
tained with the crystal removed. With a crystal in 
use on any oscillator range, the grid current should 
continue to read 0.1 ma or less when the crystal is 
removed. This is essential to correct operation and 
should be carefully checked at initial setup. Listen 
to the beat note of the transmitter output with a 
heterodyne monitor or receiver and tap on the oscil¬ 
lator unit or front panel in the locality of the oscil¬ 
lator. If the self-excited oscillator is used, a micro- 
phonic vibration of the tubes will be heard in the 
earphones. When crystal control is used, and the 
crystal is properly controlling the oscillator, no 
sound will be heard and the oscillator frequency will 
l)e unaffected by any but the oscillator tuning 
adjustments. 

k Operating Instructions. When the adjust¬ 
ments have been made as outlined in Paragraph 7, 
the 167AY transmitter is ready for operation. The 
following procedure should be used. Turn the 
POWER switch of the ISSAY transmitter to main 
and the if-hf switch to hf. Start the main motor 


generator by closing the main line switch located in 
the base of the right hand section of the Marine 
Radio Unit and turning the line switch on the 
155AY transmitter to on. When the motor gener¬ 
ator has come up to speed, adjust the filament volt¬ 
age of both transmitters to 6.3 volts. The oscillator 
may be tuned following the instructions given in 
Paragraph 7 above, and the multipliers and power 
amplifier antenna coupling circuits may be tuned 
approximately, using the curves supplied. The field 
rheostat on the 155AY transmitter should be turned 
to the full counterclockwise position and the key 
may then be closed. Check the tuning of each of 
the multipliers by checking for plate clip. Tuning 
the multiplier which results in the proper output 
frequency, that is, the multiplier which is connected 
to the power amplifier grids will result in a reading 
on the amplifier grid current meter and a simul¬ 
taneous rise in the amplifier plate current. After 
amplifici grid current is indicated, quickly check 
the tuning of each multiplier in use to insure that 
a maximum amplifier grid current is being obtained. 

In tuning the multipliers, it will be possible to 
obtain dips at several points on the dial. It will, 
therefore, be necessary to tunc to the proper dip. 
This can best be assured by tuning the multipliers 
first using the tuning curves, and then tuning with 
the power on. A rough check of the choice of the 
proper dip may be made by comparing the desired 
frequency of operation of a multiplier with the band 
which that multiplier covers. Low readings on the 
multiplier dial correspond to the lower portion of the 
band which the multiplier covers. 

In adjusting the power amplifier, the antenna 
coupling condenser should first be set at zero. Ref¬ 
erence to the plate tuning chart will indicate which 
tap on the amplifier range switch should be used 
for any output frequency. Having set this switch, 
hold down the key and rotate the amplifier tuning 
dial until the amplifier plate current meter drops to 
100 ma or less. The setting of this plate condenser 
should be approximately as shown on the sheet. 
In adjusting the plate circuit to resonance, it will 
be noted that the readings of all three meters are 
reduced to low values. 

9. Antenna Tuning Procedure No. 1. The an¬ 
tenna switch should be in position 1 for frequencies 
from approximately 8 to 24 me and in position 2 
for frequencies from 2 to 8 me, although this will 
depend largely upon the antenna and can best bb 
determined by trial. Place the antenna tuning dial 
at 50 and, with the key depressed, rotate the antenna 
inductance switch until a tap is reached which causes 
the amplifier plate current to rise. Now adjust the 
antenna tuning dial until the maximum indication is 
shown on the antenna ammeter. Slowly increase 
power by turning the field rheostat on the 155AY 
clockwise. If, when the rheostat is all the way to 
the right, the amplifier plate current meter reads 
less than 380 ma, increase the reading of the antenna 
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coupling dial. As this dial is increased numerically, 
the amplifier plate current meter reading will in¬ 
crease. During this adjustment, keep the amplifier 
tuning dial always at the point where minimum 
amplifier plate current is indicated. No difficulty 
should be obtained in securing an adjustment of the 
tuning and coupling condensers which will provide 
full loading of the amplifier tubes. Do not exceed 
380 ma under any circumstances. 

With the coupling condenser on zero, minimum 
coupling is obtained. If an unusual antenna condi¬ 
tion causes the amplifier plate current to read an 
excessive value, with the antenna coupling condenser 
at zero, detune the antenna tuning condenser some¬ 
what, or reduce the power by means of the field 
rheostat. In any case, always determine that the 
amplifier tuning condenser is adjusted for minimum 
amplifier plate current under any condition of 
loading. 

The setting of the coupling conden.ser will be 
higher numerically for the high frequencies. For 
frequencies up to 16 me, it will probably never be 
set higher than 75, but at 24 me, it may be adjusted 
close to 100. 

10. Antenna Tuning Procedure No. 2. When the 
characteristics of the antenna are such that power 
is not delivered to the antenna when the above 
tuning procedure is followed, Antenna Tuning Pro¬ 
cedure No. 2 should be followed. 

Turn the antenna switch to position 3 and the 
antenna inductance switch to position 6. The an¬ 
tenna tuning condenser may be left in any position 
since it is not in the circuit. 

With the antenna coupling condenser set at zero 
and the field rheostat rotated to its full counter¬ 
clockwise position, close the key and rotate the 
amplifier tuning condenser until resonance is indi¬ 
cated by a sharp dip in the amplifier plate current 
meter. When resonance has been obtained, increase 
the antenna coupling by rotating the antenna cou¬ 
pling condenser in a clockwise direction. Each time 
the coupling is increased, the power amplifier tank 
circuit must be reresonated by rotating the amplifier 
tuning condenser in a counterclockwise direction. 
It is a simple matter to perform these operations 
simultaneously by rotating the coupling condenser 
clockwise with the left hand, while rotating the 
amplifier tuning condenser counterclockwise with 
the right hand. When the coupling has been in¬ 
creased to a point where the minimum plate current 
is approximately 150 ma at resonance of the power 
amplifier tank, rotate the field rheostat to increase 
the plate voltage. As the plate voltage is increased, 
the plate current will increase. If, when the field 
rheostat is in the full clockwise position, the power 
amplifier plate current is less than 380 ma, the cou¬ 
pling should be increased and the amplifier tank 
simultaneously reresonated until the minimum plate 
current is 380 ma. If the plate current reaches 380 
ma before the field rheostat is in the full counter¬ 


clockwise position, the coupling must be decreased 
and the amplifier tank reresonated. The amplifier 
plate current should never be permitted to exceed 
380 ma. 

At a given frequency, an antenna may have a 
very high impedance characteristic which would 
cause excessively high voltages to be developed 
across the antenna coupling condenser. In this 
case, the effective length of the antenna should be 
changed by setting the antenna inductance switch 
at a position other than position 6. 

The indication of the antenna ammeter may be 
high or low, depending upon the antenna charac¬ 
teristic at the frequency in use. But, in any case, 
the maximum reading of this meter will represent 
optimum output. 

After the transmitter has been adjusted for any 
frequency, all readings should be recorded on the 
cards supplied for this purpose, if it is contemplated 
to return to this frequency often. 

11. Frequency Checking. A fre(iuency checking 
switch has been incorporated in the 167AY trans¬ 
mitter to permit calibration of the oscillator when 
no heterodyne frequency meter is available for that 
purpose. Such a calibration should be made when¬ 
ever the oscillator tuning dial has been removed 
■for any reason or if the operator has reason to be¬ 
lieve that the calibration is not correct. This pro¬ 
cedure is, of course, an emergency measure and 
should be used only when an accurate heterodyne 
frecjuency meter is not available. 

To permit checking frequency, a frequency check 
.switch on the front panel of the 167AY transmitter, 
when turned to the on position, permits operation 
of the oscillator and buffer stages without the use 
of the power amplifier stage or multiplier stages. 
With the frequency check switch in the on position, 
the transmitter is started in the usual way, that is, 
turning the if-hf switch to the hf position and 
starting the main motor generator of the 155AY 
transmitter. The key must not be pressed, since 
this will result in the transmission of a signal. 

The receiver immediately below the 167AY trans¬ 
mitter is now tuned to a station in the 2 to 4 me 
range, whose frequency is accurately known. The 
oscillator of the 167AY transmitter is now tuned 
to approximately % the frequency of the station 
against which calibration is being made. By tuning 
the 167AY transmitter until a zero beat is heard in 
the receiver, the oscillator of the transmitter has 
been tuned to exactly % of the frequency of the 
known shore station. By repeating this procedure 
against a number of fixed frequency shore stations, 
it is possible to obtain enough points to redraw the 
calibration curve for the oscillator of the transmitter. 

The frequency check switch should normally be 
left in the off position. No harm can result from 
operation of the transmitter with this switch in the 
ON position. However, if break-in operation is con¬ 
templated, interference from the oscillator of the 
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transmitter will result, unless this switch is in the 
OFF position. 

12. Maintenance. The interior of the transmitter 
should be kept clean and free from dust. Accumu¬ 
lations of dust and moisture over a long; period may 
cause a serious breakdown. 

13-ld. Mackay Auto Alarm 101B (Component 
of FT-106 Marine Radio Unit) —The auto alarm 
is a device authorized by the International Conven¬ 
tion for the Safety of Life at Sea and by other laws, 
which are intended to increase safety of life and 
property at sea. Intelligent maintenance of this 
equipment and careful observation of its operation 
will assist in furthering the purpose for which it is 
designed and installed. 

The auto alarm, 101B, is a receiving device which 
will respond to the International Alarm Signal sent 
by a ship in distress and will call the radio operators 
on ships receiving the signal to their respective 
radio rooms as well as notify the deck officers on 
duty at the time. The International Alarm Signal 
consists of twelve four-second dashes spaced one 
second between dashes and is sent on the Intel- 
national distress frequency of 500 kc (600 meters). 
The auto alarm is chiefly intended for operation on 
ships carrying only one radio operator but it may 
be installed on any vessel to guard the distress fre¬ 
quency during such times as the operator on watch 
may not be listening on that frequency. 

The auto alarm system consists of receiving and 
selecting apparatus located in the radio room, alarm 
bells and warning liglits located on the bridge and 
in the radio room, and a third alarm bell located in 
the radio operator’s cabin. The auto alarm is 
placed in service by the radio operator during such 
limes as he is not on watch and the vessel is under 
way. The alarm bells are intended to call the 
operator to the radio room when an alarm signal 
is received or when the auto alarm apparatus re¬ 
fuses to function properly. 

Upon receipt of an alarm signal, the auto alarm 
will cause the bells to ring. On the sounding of 
such an alarm, steps should be taken to inform the 
operator immediately so as to guard against the 
possibility that he may not have heard the alarm. 
The ringing of the bells also serves to indicate when 
the auto alarm receiving equipment becomes in¬ 
operative due to a failure of power or to the burn¬ 
ing out of a tube. Regardless of the reason for 
sounding the alarm, it can only be stopped from 
the radio room. 

The warning lights located on the bridge and on 
the Marine Radio Unit, when lighted continuously, 
with the alarm bells not ringing, will indicate that 
the auto alarm device is inoperative for reasons 
outside the instrument itself, such as during heavy 
electrical storms when static has the characteristics 
of continuous signals, and during periods when 
other types of uninterrupted electrical noises may 
be prevalent. These lights also indicate when the 


ship’s power to the radio room fails during the 
periods that the auto alarm equipment is in opera¬ 
tion, At other times during normal operation of 
the equipment, these lights may flash at intervals. 
These intermittent flashes ^^•ill not indicate that the 
equipment is inoperative and should be disregarded. 
When the warning lights remain lighted continu¬ 
ously for a period of five minutes, the radio operator 
should be informed. 

Detailed instructions for the operation and main¬ 
tenance of the apparatus are given on the pages 
following. Strict adherence to them will assist in 
creating the highest degree of safety possible with 
such an instrument and under circumstances most 
satisfactory to all concerned. It should be realized 
that the auto alarm is an electrical and mechanical 
device and as such, it must be given intelligent 
supervision and careful maintenance to insure satis¬ 
factory operation. 

These instructions are not intended to supplant 
those instructions issued by the Federal Communica¬ 
tions Commission or other governmental agencies 
having jurisrliction over the auto alarm equipment 
and the details covering its operation. It is recom¬ 
mended that all applicable regulations be carefully 
studied. 

'Fhe auto alarm 101B consists of the following 
units: 

lOlB Equipment 

Auto alarm receiver 101B 
Auto alarm selector 101B 
Antenna switch (part of 107A switch) 

Alarm bells (3) (one in Marine Unit) 
Warning lights (2) (one in Marine Unit) 
Auxiliary equipment consisting of: 

24-volt storage batteries (2 sets) 

Charging equiimient for above 
Receiver power supply unit 
Auxiliary 9()-volt B battery 
Instruction books 
Set of spare parts. 

The power requirements for the equipment are: 

1.4 amp from the 24-volt batteries 
12 to 25 ma from the power supply unit or 
from the 90-volt B battery 
1.7 to 2.0 amp from the ship’s 115-volt d-c line 
for the charging of the batteries and for 
operation of the power supply unit. 

1. Receiver, It is tbe function of the receiver 
to accept all signals within the prescribed frequency 
band of 487.5 to 512.5 kc, modulated at least 30 
percent at frequencies between 100 and 2500 cycles, 
and transform those signals into such a form that 
they will operate the signal relay whenever those 
signals produce at the receiver input termiilals an 
r-f voltage of 500 microvolts or more. 
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Other requirements placed upon the receiver are 
that it must function equally well with very strong 
signals as with weak ones and that it must accept 
a weak alarm signal in the presence of strong inter¬ 
ference. These requirements have been met in the 
design of the various circuits and components enter¬ 
ing into the make-up of the receiver. Although the 
circuits of the receiver are not very different from 
those of any other one-stage TRF receiver, they 
are, however, in many respects different from the 
usual receiver, in that the parts have been designed 
for this specific service, that of operating a relay 
as nearly as possible in conformance to the signals 
applied to the receiver. Steps have been taken 
therefore to provide as great an overload capacity 
as possible, to minimize the tendency toward ‘^block- 
ing,*' and to make its operation as '‘fast” as possible 
in order to utilize any breaks in the signals. In this 
manner then, the relay “B" will act as a “key” and 
deliver to the selector impulses which are a faithful 
reproduction of the signal combinations applied to 
the input of the receiver. 

The receiver of the auto alarm is of the tuned 
radio-frequency type employing a single stage of 
radio-frequency amplification in which the tuning 
is fixed, followed by a detector, two stages of audio¬ 
frequency amplification and a rectifier. 

The receiver uses five tubes of the 6-volt heater 
type. They are: one 6D6 as the r-f amplifier, one 
75 as a detector, two 76’s as audio amplifiers, and 
an 89 as a rectifier. 

Referring to the schematic circuit diagram. Fig¬ 
ure 13-S, the heaters of tubes VTl to VT4 are in 
series and are then connected in parallel with the 
heater of tube VTS and its series resistor. The 
total heater current passes through the winding of 
the low resistance relay A which operates and opens 
the alarm bell circuit through its back contacts 2, 
at the same time closing its front contacts 1, thereby 
completing the plate supply circuit to the receiver. 
This relay is adjusted to operate when full heater 
current passes through its winding. The burning 
out of any heater will reduce the current to a value 
which will release the relay, closing the contacts 
which complete the alarm bell circuit, thus indicating 
that the equipment is out of order. 

The antenna feeds the first of two resonant cir¬ 
cuits through the small coupling condenser C5, a 
resistor R1 being connected between the antenna 
and ground to drain off static charges accumulated 
by the antenna. The two resonant circuits Ll-Cl 
and L2-'C2 are each tuned to 500 kc and are over¬ 
coupled with each sufficiently to produce two small 
humps, one on either side of 500 kc. The second 
circuit feeds to grid of the r-f amplifier tube VTL 
This tube is in turn coupled to the detector tube by 
two similar circuits L3-C3 and L4-C4. In this 
manner, the receiver is made to respond efficiently 
to signals within the frequency band of 487.5 kc to 
512.5 kc and to exclude signals outside this band in 


the manner specified by the regulations. The reso¬ 
nant circuits are adjusted to proper resonance be¬ 
fore leaving the factory, except for the first, or 
antenna circuit, which is adjusted at installation. 
The r-f transformers use air core coils which are 
tuned by air dielectric condensers in order to main¬ 
tain proper resonance under various conditions of 
temperature and humidity. 

The detector VT2 employs diode rectification and 
feeds the audio frequency signals to the rectifier 
tube VT5 through two audio frequency amplifier 
tubes VTS and VT4 which are transformer coupled 
to T3, T4, and T5. The condensers C8, C9, CIO, 
and Cll, together with the broadly resonant circuit 
L5-R4-C15 are for the purpose of providing a flat 
frequency characteristic to the audio amplifier over 
the frequency range of 100 to 2500 cycles per 
second. 

The rectifier tube VT5 operates upon the principle 
of plate rectification. When a signal voltage is 
applied to its grid, its plate current increases from 
its low no-signal value to a higher average value 
sufficient to operate the signal relay B, which is in¬ 
cluded in its plate circuit. 7"he value of this plate 
current is indicated by the milliammeter ma which 
is mounted on the panel of the receiver unit. The 
condenser Cl8 connected between the plate and 
cathode of the rectifier tube serves to smooth out 
the current and prevent relay chatter. The con¬ 
tacts 1, of this relay, control the operation of the 
selector, or timing unit. The condenser C19 and 
the resistor Rll are connected across the relay con¬ 
tacts to reduce sparking and radio-frequency inter¬ 
ference in the receiver. 

The sensitivity control R6 is a potentiometer for 
controlling the screen grid potential of the r-f am¬ 
plifier tube so that the sensitivity of the receiver 
may be adjusted between the limits of approximately 
250 and 50,000 microvolts. This is made use of in 
adjusting the sensitivity of the receiver to the “opti¬ 
mum” value for the prevailing conditions of noise 
or static. This optimum value is the highest sensi¬ 
tivity which can be used without causing the signal 
relay to be energized except momentarily by the 
noise or static during periods of no-signal. A 
higher sensitivity would cause the signal relay to be 
energized by the noise or static for extended periods 
during which time it would be incapable of further 
operation by signals. 

A buzzer with its controlling push button SW2 of 
the nonlocking type is provided for the production 
of r-f test signals. The output of the buzzer is cou¬ 
pled into the antenna circuit by means of the buzzer 
antenna which is a short piece of wire from the 
buzzer to a point near the antenna lead. This an¬ 
tenna is adjusted to produce an r-f input into the 
receiver of about 2000 microvolts. 

The switch SW3, also of the nonlocking type, 
opens the circuit to the bridge and cabin bells when 
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depressed so that those bells may be cut out of cir¬ 
cuit when desired during routine tests. 

The phone jack, J, connects a pair of headphones 
to the low impedance winding of transformer TS, 
feeding the rectifier, so that the operation of the 
receiver may be monitored by ear. 

All component parts of the receiver are mounted 
upon a formed metal chassis which is attached to 
the hinged door of the metal cabinet. The milli- 
ammeter, sensitivity control knob and scale, buzzer 
push button knob, the bridge and operator’s cabin 
bell disconnect switch knob and the monitoring 
phone jack are located on the front of the cabinet 
door. All parts are protected against the effects of 
temperature and humidity. 

The grid, plate and cathode circuits of the re¬ 
ceiver are isolated from the grounded chassis and 
cabinet except through by-pass or grounding con¬ 
densers so that the receiver may be operated from 
power supplies which may or may not themselves 
be grounded. 

2. Selector. It is the function of the selector to 
accept and register the correct auto alarm signal 
and sound the alarm and to reject all other signals 
and atmospherics. It does so by measuring the 
length or duration of the signals as well as the 
spaces between the signals. 

The selector of the auto alarm consists of three 
motor-driven timing elements and a bank of count¬ 
ing relays. 'I'lie timing elements are cams which 
operate contacts after a certain angular rotation. 
The motor, which rotates the cams, operates during 
all the time the equipment is “Watching.” It is 
shunt wound and is equipped with a governor in 
which centrifugal force opens contacts and places a 
resistance in series with the armature circuit, 
thereby maintaining the speed of the motor con¬ 
stant at 1800 rpm. The motor, through a reduction 
gear, drives a slow-motion shaft at 6 rpm. On this 
shaft are two electromagnetic clutches which, when 
energized, engage and rotate the cams. Two of 
these cams are integral with each other and are 
operated by one of the clutches. This clutch meas¬ 
ures the length of the dashes. The second clutch 
operates the third cam and measures the length of 
the spaces between the dashes. The counting of 
the dashes is accomplished by a bank of relays con¬ 
nected to form a counting chain. 

The motor and timing cam mechanism is mounted 
upon its own independent base frame which, in turn, 
is mounted upon the hinged door of the selector 
cabinet by means of flexible mounting feet so that 
timing will not be affected through bending or me¬ 
chanical displacement of the door. The counting 
relays are also mounted upon an independent base 
which in turn is fastened to the door. 

A “Release Key” of the push button type, on the 
front panel of the unit, is used to release the alarm 
bell circuit after it has been set off by the proper 
sequence of alarm signals. It will not, however, 


release the alarm if the alarm has been set off 
through failure of the equipment, and this fact is 
made use of to differentiate between the receipt of 
an alarm and the ringing of the alarm bells through 
failure of the equipment. 

The motor has auxiliary contacts of the centrigual 
type which will operate the alarm bells if the motor 
speed becomes too slow. Auxiliary overrun con¬ 
tacts are provided in the selector, which are oper¬ 
ated by either of tlie cams should they overrun tlieir 
normal travel for any reason, thereby stopping the 
motor and thus preventing damage to the equipment. 
The centrifugal contacts on the motor will then 
operate to give the alarm. 

A voltmeter, mounted in the front panel, provides 
a constant check on the 24-volt battery voltage and 
reads the plate supply voltage when the voltage 
switch is turned to its non-locking position. 

Since the slow-motion shaft of the selector unit 
revolve'- at the proper speed, a fourth cam has been 
mounted upon it to operate a pair of contacts which 
may be used to key the ship’s radio transmitter and 
thus transmit a correctly timed alarm signal should 
the vessel be in distress. These contacts are placed 
in circuit and the motor operated independently of 
the rest of the auto alarm equipment by means of a 
switch on the front panel of the selector unit. 

All parts entering into the construction of the 
selector have been treated to protect them from cor¬ 
rosion and the effects of moisture and heat. As in 
the receiver, the selector circuits are isolated from 
the chassis and cabinet except through grounding 
condensers. 

The operation of the selector can be best under¬ 
stood by considering an illustrative block diagram. 
Figure 13-6. This diagram represents a group of 
devices arranged so that their sequence of opera¬ 
tions illustrates the fundamental scheme of the auto 
alarm selector. In this diagram the unit “Key” 
represents some form of device which will energize 
the 3V^-second and the 4l^-second timer. 

The 3y2-second timer is a device so arranged that 
after being energized continuously by the “Key” 
for a period of 3y2-seconds it will operate the 
“Counter” to record partly a dash, completing the 
record when the dash stops. This timing device, 
therefore, will select only those dashes which are 
3% seconds or more in length, and will reject all 
dashes which are of shorter duration. 

The 41/^-second timer is a device which starts 
simultaneously with the 3y2-second timer but is 
arranged so that when energized continuously for 
4y2 seconds, it will erase any counts which may 
have been registered in the counter. This timing 
device, therefore, will act in conjunction with the 
3%-second timing device so that the combination 
of the two devices becomes a dash timer and will 
select and record only those dashes which are be¬ 
tween 3V^ and 4Vi seconds in length. 

The 1%-second timer is a device which is ener- 
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Fio. 13-6. Fimdamentnl block diagram of the Mackay lOlB auto alarm. 


pized by the counter at the termination of each com¬ 
plete recording of a dash. It is so arratiged that 
after being energized for iy 2 seconds, it will erase, 
normally, all coutits registered in the counter. This 
erasure will return the tinier to zero, since it re¬ 
quires a recording in the counter to energize this 
timer. 

This timer is associated with the 3i/4-second tinier 
in such a manner that this erasing power, which 
would have become effective after IV 2 seconds of 
operation, is made ineffective, or nullified, during 
such times that the 3%-second timer is energized. 
The IVz-second timer, therefore, will continue to 
operate for the first SYj seconds of the duration of 
the succeeding dash, since the previous count re¬ 
mains in the counter. 

In this manner we have arranged the IV^-second 
or space timer so as to measure the space between 
two dashes and erase the count if the succeeding 
dash does not begin within the iy 2 -second interval. 
Furthermore, the space between the dashes may con¬ 
tain intermittent interference without atfecting the 
count in any way, because during this interval the 
space timer has no erasing power. 

Now, in addition, it is so arranged that when 
the succeeding dash has existed for 3y2 seconds, the 
partial recording of that dash will release the space 
timer and reset it to zero. Should this dash be 
shorter than 3% seconds, therefore incorrectly 
timed, the nullifying power of the Syg-second timer 
stops and the space timer will erase all records. 

If the dash is correctly timed, the space timer will 


have been released after 3^2 seconds of the dash, 
and will be ready to start timing the space between 
this and the next dash, when the dash ends, 1 f the 
dash is too long, the counts will be erased by the 
4y2-sccond timer. 

I'lic “Counter^' is a recording device energized by 
the 3^/^-sccond timer, reset to zero by the 4y>-second 
and the lyj-sccond timers, and arranged to operate 
the “Alarm’* when four complete dashes have been 
recorded. 

This group of units provides an arrangement 
whereby the counter will only record those opera¬ 
tions of the ‘‘Key’' which conform to the following 
requirements: 

1. The “Key” must be operated continuously for 
at least 3^/^ seconds before any count will be re¬ 
corded by the 3% second timer. 

2. The “Key” must not be operated for more than 
4% seconds or all records will be erased by the 
4% second timer. The correct operation of the key 
for recording a count is, therefore, from 3Vi to 
4Vi seconds. 

3. Each succeeding operation of the key must 
follow a correct operation within IVi seconds or 
all records will be erased by the 1 Vi-second timer. 

4. Four .successive correct operations of the 
“Key” are required to cause the “Counter” to actu¬ 
ate alarm. 

5. If the “Key” is operated in any other manner 
than that outlined above, there will be either no 
counts or such counts as are recorded, less than the 
total of four, will be erased. 
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It will be seen that these requirements placed 
upon the operation of the key coincide with the 
form specified for the International Auto Alarm 
Signal and its tolerances. (See Fij^urc 13-7.) 

The above several illustrative units of the block 
diagram are to he found in the receiver and selector 
portions of the auto alarm equipment in the follow¬ 
ing physical form: 

“Key” is relay B in the receiver in conjunction 
with relay C in the selector. 

“3%-second Timer” is the cam marked 3^/^ in 
the selector together with its contacts III. 

“4%-sccond 'i'imer” is the cam marked 4% in 
the selector together with its contacts 11 and 
relay D. 

‘TV 2 -‘''^^*cond Timer” is the cam marked 1% in 
the selector together with its contacts IV. 

“Counter” is the bank of relays, E, F, G, H, 
j, K, L, and M, relay M operating the alarm 
bells. 

The operation of the selector will now be de¬ 
scribed in detail. In tracing the operation, the auto 
alarm schematic, Figure 13-5, should be consulted. 

3. The First Dash. By the “first dash” is meant 
any dash which starts after an interval sufficiently 
long so that all the equipment is in its normal rest 
position. At the beginning of this dash, relay B 
in the receiver is energized by the plate current of 
the last tube of the receiver. Relay B energizes 
relay C through the circuit: 

Battery and charger, terminal 18, antenna switch, 
terminal 19, cam contact I, relay winding C, ter¬ 
minal 14, terminal 12, relay contacts B-1, terminal 
11, terminal 15, back contact M2, terminal 16, to 
charger and battery. 


The operation of relay C closes its contacts and 
the magnetic clutch C'L-1 is energized through the 
circuit: 

Battery and charger to 18 antenna switch, 19. 
hack contacts D-i, contacts (-2, winding C'L-1, 
16, to charger and battery. 

The cams 3^2 and 4% begin to revolve. Cam 
contacts I o]>en immediately hut they have now been 
bridged by contacts (-1, and relay C remains closed. 
If the dash does not last for 3% seconds then its 
termination opens relay B, breaking the circuit of 
relay C and thereby opening the circuit of the mag¬ 
netic clutch CL-1 and the cams 3Vi> mid return 
to their zero position. Relay C cannot he energized 
again until the cam 4^^ has reached its zero position 
and allowed cam contacts 1 to close. 

When a dash has continued for 3V2 seconds, cam 
3y2 operates cam contacts ill which operate relay E 
through tlie circuit: 

Battery and charger to 18, antenna switch, 19, 
back contacts D-2, contacts C-3, winding E, hack 
contact F-3, cam contacts 111-2, 16 to charger 
and battery. 

The closing of contacts E-1 places the winding 
of relay E in series with the winding of relay F 
and both across the battery except that winding F 
is short-circuited while the cam contacts 111-2 arc 
closed. 

At the termination of the dash, provided its dura¬ 
tion is between 3V2 and 4^/^ seconds, the relays B 
and C are opened and clutch CL-1 is released, thus 
opening the cam contacts 1II-2. Current now flows 
through relay windings E and F in series through 
the circuit: 

Battery and charger 18, antenna switch, 19,' back 
contacts D-2, cam contacts IV-I, winding E, 
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contacts E-1, winding F, back contacts M-2, 16 
to charger and battery. 

The closing of relay F energizes the magnetic 
clutch CL~2 through the circuit: 

Battery and charger, 18, antenna switch, 19, con¬ 
tacts F-1, winding CL~2, back cam contacts III~1, 
16, to charger and battery. 

The closing of relay F also connects relay G into 
the circuit to receive the next impulse from cam 
contacts flI-2 through contacts F-2 and H-2. 

4. Dash Too Long, If any dash lasts more than 
4% seconds, cam 4^2 operates its cam contacts IT 
and closes the circuit of the winding relay D 
through the circuit: 

Battery and charger, 18, antenna switch, 19, cam 
contacts II-l, winding of D, 14, 12, contacts B-1, 
11, 15, back contacts M-2, 16, to charger and 
battery. 

Relay D closes and locks up through its contacts 
D-1 to 19 and battery, by-passing the cam contacts 
ll-l. The back contacts I)-2 open the battery sup¬ 
ply to the circuits of all counting relays and also 
clutch CX-1 which returns cams 4^^ and 31/^ to 
their zero position. Relay D remains closed as 
long as the dash continues but opens when the ter¬ 
mination of the dash opens relay B. Back contacts 
D-3 energize the warning lights through the circuit: 

Battery and charger, X, antenna switch, 24, lights, 
13, contact D-3, chassis G, 16, to charger and 
battery. 

5. Space After the First Correct Dash, The bat¬ 
tery side of the circuit of relays E and F has two 
optional paths one through the cam contacts IV-1 
to D-2 and battery, and the other through contacts 
C~3 to D-2 and battery. One and one-half seconds 
after the termination of the dash, cam 1% opens its 
contacts IV-1. If the next dash has not started, 
contacts C-3 arc also open so that all counting relay 
circuits including the circuit of relays E and F are 
broken, thus placing all relays in their rest position. 
However, if a dash has started, contacts C-3 are 
closed and relays E and F remain closed. This 
dash, from the time it started, has caused cams 4% 
and 3% to be operated in the same manner as de¬ 
scribed for the first dash. If this second dash ter¬ 
minates or is interrupted at some time between the 
1 ^ 2 ” and 3V^-second intervals required for the op¬ 
eration of cam contacts IV and III, respectively, 
then relays E and F are opened and the first dash 
is thereby uncounted or erased. It should be noted 
that the iy 2 -second interval may be occupied by 
interference, relay C and cam 4Vi and 3^^ returning 
to their zero position at the termination of every 
dot, dash or static crash without erasing any counts. 

6. The Second Correct Dash, This dash, having 
started as described in the previous paragraph and 


having continued for 3% seconds, cam contacts III 
are operated. Came contacts 111-2 close relay G 
as they did relay E for the first dash, while cam 
contacts ITI-1 release clutch CL-2. Cam then 
returns to rest or zero position, closing its cam 
contacts IV-1, thereby maintaining a closed circuit 
for the counting relays E and F even though the 
dash stops and relay C opens. If this second dash 
docs not last for more than 4^/^ seconds, it operates 
counting relays G and H in a similar manner to 
the operation of relays E and F by the first dash. 
After the cessation of the second dash, cam contacts 
IIl-l close and start the D/^-second tinier whose 
contacts break the counting relay circuits if the 
third dash does not start within l^ seconds. 

7. The Third Correct Dash. This dash results 
in the setting up of counting relays J and K through 
the same sequence as that described for the setting 
up of relays G and H after the second correct dash. 

8. The Fourth Correct Dash. The actions during 
the third space are the same as during the first and 
second spaces. When the fourth dash has lasted 
3y2 seconds, it sets up relay L. At the termination 
of the fourth correct dash, relay M is operated and 
rings the alarm through the circuit: 

Battery and charger, X, antenna switch, 24, 
alarm bells; radio room bell to 21; bridge and 
cabin bells to 3 and 4, SW-3, 5, 21; then all 
bells to contacts M-1, chassis, G, 16, to charger 
and battery. 

Relay M also de-energizes relays E, F, G, 11, J, 
and K of the counting system, also relay C, by 
opening their circuits to battery. Clutches CL-1 
and CL-2 are thus released, and this condition con¬ 
tinues until relays L and M are released by the 
‘•Release” push-button, SW-6, which opens the 
circuit: 

Battery and charger, 18, antenna switch, 19, con¬ 
tacts D-2, cam contacts IV-1, winding of relay 
L, contacts L-1, winding of relay M, SW-6, 16, 
to charger and battery. 

9. Operation Through Interference. The selector 
will operate to select the auto alarm signal from a 
considerable amount of interference, caused either 
by other stations or by atmospherics provided: 

(a) The interference does not combine with the 
desired signal so as to actuate relay B for 
periods in excess of 4% seconds^ duration. 

(b) The interference does not completely fill in 
the interval between the dashes of the auto 
alarm signal. 

The presence of interference immediately preced¬ 
ing or immediately following the dashes of the auto 
alarm signal have the effect of lengthening those 
dashes. If the lengthened dash remains less than 
4% seconds in duration, the selector will accept it 
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as a dash of correct length. If lengthened beyond 
4^2 seconds’ duration, it and any previous regis¬ 
tered dashes will be rejected as described in para¬ 
graph 4. 

Interference which exists during the interval be¬ 
tween dashes of the auto alarm signal but does not 
completely fill that interval will operate relay B 
which, in turn, operates relay C and starts the 
rotation of cams 4% and 3% as for a dash, para¬ 
graph 3. If the interference ceases before the 
U/>-second period expires and before the end of 
the silent interval of the signal, relay B will open 
releasing relay C, thus returning cams 4^2 and 
31/2 to their rest or zero position, ready to receive 
the next dash. Since cam has not yet oper¬ 
ated its cam contacts IV, any record of previous 
dashes existing in the counter will remain intact. 
Interference which completely fills the silent in¬ 
terval acts to prolong the preceding dash beyond 
its limit of 4% seconds. 

'i'he transmitting cam together with its cam con¬ 
trols V~1 and one pole of the siG. transmit switch 
may be used in connection with a suitable keying 
relay to operate the ship’s transmitter for the cor¬ 
rect transmission of the auto alarm signal. The 
other pole of the switch completes the motor circuit 
to battery removing the necessity of shifting the 
antenna switch. 

There are auxiliary contacts on the motor gov¬ 
ernor which operate when the speed becomes too 
slow and operate the alarm bells through the circuits: 

Battery and charger, X, antenna switch, 24, alarm 
bells, radio room bell to 21; bridge and cabin bells 
to 3 and 4, SW-«3, 5, 21; then all bells to motor 
contacts 4, chassis, G, 16, to charger and battery. 

There are overrun contacts adjacent to the dash 
and space cams. Should the clutches fail, for any 
reason, to release either of these cams, the cam will 
overrun and open its associated overrun contacts. 
'Illis stops the motor, thereby causing the alarm bell 
to ring. The motor circuit is as follows: 

Battery and charger, 18, antenna switch, 19, 
SW-5, motor terminal No. 2, motor terminal No, 
1, VI, VII, 16, charger and battery. 

Spark suppressors have been incorporated across 
the terminals of the two clutch windings to eliminate 
interference in the receiver from these circuits. 

10. Antenna Switch. The 107A antenna switch 
in the Marine Unit is arranged to transfer the ship's 
main antenna from the normal ship radio equipment 
to the auto alarm receiver and put the auto alarm 
equipment into operation. 

The blade of the antenna switch, insulated for 
high voltage, transfers the antenna. Auxiliary con¬ 
tacts, operated by the movement of the antenna 
blade, supply power to the receiver and selector 


units and also complete the circuit to the alarm bells. 

No test whatsoever of the alarm equipment can 
be made without the antenna switch being closed on 
the auto alarm position, the closing of that switch 
completing automatically the power circuits of the 
entire apparatus. 

With the switch in df-aa position, an auxiliary 
receiving antenna is connected to the ship’s regular 
receiver. When in df-aa position, the direction 
finder on the bridge is made operative only if the 
grounding switch is pushed in. 

11. Alarm Bells. The three alarm bells necessary 
with this equipment are mounted one in the Marine 
Radio Unit, one on the bridge, and one in the radio 
operator’s quarters. The bells mounted on the 
bridge and in the operator’s quarters may be tempo¬ 
rarily cut out of circuit during routine tests by 
means of the nonlocking push button on the receiver 
marked “Bridge Bell Off.” 

12. il'arning Lights. Two warning lights, one 
mount(‘(l above the receivers in the Marine Radio 
Unit and one on the bridge, serve to indicate that 
the equipment is inoperative because of prolonged 
noise or static, or both, or the reception of a signal 
longer than 4Vi seconds’ duration, and which is of 
sufficient magnitude to maintain the signal relay in 
its ‘‘operated” position. These lights also indicate 
the failure of the ship’s llS-volt power supply to 
the radio room during the time that the auto alarm 
equipment is in operation. Such failure of the 
ship’s power will automatically transfer the receiver 
to the auxiliary 90-volt B battery and will also in¬ 
terrupt the charging of the storage batteries. 

13. Auxiliary Equipment, (a) Storage Bat¬ 
teries. This eejuipment is supplied with two sets 
of 24-volt storage batteries which supply power for 
the operation of the heaters of the receiving tubes, 
the timing motor and clutches, the counting relays, 
the alarm bells and the warning lights. They are 
connected to the battery charger so that one set may 
be charged while the other set is being discharged. 
The normal drain from the batteries is 1.4 amp, 
each set of batteries being rated at 50 ampere-hours 
capacity. 

(b) Battery charger. The battery charger sup¬ 
plied, which is a part of the Marine Radio Unit, 
operates from the ship’s llS-volt d-c lines. A four- 
pole double-throw switch is supplied on the charger 
panel by which the batteries may be alternately 
charged and discharged. This switch, labeled auto 
ALARM batteries, provides for the selection of the 
battery to be used, the other being placed in the 
charging circuit under control of the toggle switch 
marked auto alarm charger. This switch, when 
thrown, charges the battery at approximately 2 amp. 
It also operates the ventilating fan at low speed. 
The circuits of this switch are so arranged that the 
two sets of batteries discharge in reverse direction 
through the equipment, although both are charged 
in the proper direction. This is done in order to 
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reverse the direction of current flow through the 
motor governor contacts, thereby greatly reducing 
the tendency for those contacts to become pitted. 
Separate fuses are provided for the discharge cir¬ 
cuits, a 6-amp fuse for the alarm bell circuit and a 
3-amp fuse for the rest of the equipment. These 
fuses are placed inside the selector cabinet and are 
accessible by opening the front of the selector. 

(c ) Receiver power supply unit, Plate circuit 
power for the receiver is obtained from a receiver 
power supply unit which takes power from the 
shijj’s 115-V()lt d-c lines and properly filters it for 
this use. This unit is placed in operation by throw¬ 
ing the right-hand switch on the Marine Unit di¬ 
rectly over the main receiver, labeled auto alarm 
i*owER SUPPLY. A green light, mounted beside the 
switch lights, indicates that tlie power supply is 
operating. One-ampere fuses in the base of the 
MARINE UNIT provide protection for the power sup¬ 
ply. The unit is mounted on the back panel of the 
right-hand base section of the Marine Unit behind 
motor generator 12()A. A relay is provided which 
is so adjusted and arranged that it will transfer the 
receiver circuits for operation from the auxiliary 
90-volt dry B battery, should the voltage of the 
ship’s d-c line fall below approximately 70 volts. 
When this transfer to B battery operation is made, 
this relay also completes the circuits of the warning 
lights on the bridge and on the Marine Unit to indi¬ 
cate both that operation is from the auxiliary bat¬ 
teries and that the charging of the 24-volt storage 
battery has stopped or is greatly reduced through 
this lowering of the line voltage. 

(d) Auxiliary 90-volt H battery. 'J'he Marine 
Radio Unit is provided with a 90-volt dry B battery 
for use, as explained above, during such times that 
the ship’s 110-volt d-c power is not available in the 
radio room. This battery consists of two 45-volt 
units of the usual type generally available for this 
use. These batteries are mounted in the top rear of 
the right-hand base section. 

14. To Place Auto Alarm Hquipment on Watch. 
After the closing of the manual radio watch in the 
usual manner, the auto alarm shall be placed in 
operation by following the procedure herein outlined. 

(a) Throw the auto alarm batteries switch to 
either side, so as to connect 24-volt battery to auto 
alarm equipment. Throw auto alarm charger 
switch ON to charge second battery. Turn on re¬ 
ceiver power supply unit. 

(b) Transfer antenna switch 107a to auto al.arm 
position df-aa, thereby transferring the ship’s main 
antenna to the auto alarm receiver, starting the auto 
alarm equipment, and connecting the auxiliary re¬ 
ceiving antenna to the ship’s receiver. 

(c) After allowing thirty seconds for the tubes 
to warm up, set the sensitivity control at about 6 
and test the auto alarm by depressing the test buz¬ 
zer push button on the receiver to form a series of 
dashes simulating the alarm signal, at the same time 


depressing the bridge bell off push button, thereby 
opening the bridge alarm bell circuit. 

Note: Under conditions of no interference, the 
alarm bell should operate after four dashes. Under 
conditions of interference, it may require more than 
four dashes to operate the alarm bell. 

Once every twenty-four hours, the auto alarm 
shall be tested with the bridge bell in the circuit. 

(d) Upon satisfactory indication that the auto 
alarm is in operating condition, i.e., sounding of 
the alarm bell in response to (c) above, adjust the 
sensitivity control to optimum as described in para¬ 
graph 20a below. 

(e) Notify the offleer on watch on the bridge that 
the auto alarm has been tested and is operating 
satisfactorily. 

(f) Make appropriate entries in the ship’s daily 
radio log and in the auto alarm log to the effect that 
the auto alarm has been tested and put in oi)eration 
and that the officer on watch on the bridge has been 
notified, giving the time in each case. 

(g) Make entries in the auto alarm log giving the 
sensitivity control setting and readings of the A and 
B voltages at the receiver panel meter. 

15. To Take Auto Alarm Equipment Off Watch. 

(a) Transfer the antenna switch to one of the 
radio operating positions, thereby stopping the auto 
alarm equipment. 

(b) Turn receiver power supply unit off and take 
second battery off charge by opening charger, toggle 
switch, or continue either battery on charge de¬ 
pending on their condition. 

(c) Resume manual watch in the usual manner, 
making appropriate entries in the ship’s daily radio 
log and in the auto alarm log. 

16. On Sounding of the Alarm Bells, fa) True 
alarm. Upon the reception of a true alarm, the bells 
will ring. The operator shall proceed immediately 
to the radio room and depress the release key on 
the selector panel to stop the bells’ ringing. The 
antenna switch should be transferred to the main 
operating position and manual watch opened, care¬ 
fully searching the 500-kc band for indication of 
distress signals. Appropriate entries shall be made 
in the ship’s daily radio log and in the auto alarm 
log and, in addition, the ship’s radio log shall give 
details of the distress, including full text of the 
distress traffic heard or worked. 

(b) False alarm. Upon determining that the 
alarm bells have sounded a false alarm as deter¬ 
mined by subsequent investigation of the 500-kc 
band, the auto alarm .shall again be placed in opera¬ 
tion as previously outlined in paragraph 14, includ¬ 
ing the testing of the auto alarm and notification 
of the officer on watch on the bridge. Appropriate 
entries shall be made in the logs. 

(c) Equipment out of order. Should the alarm 
bells ring because of failure of the equipment, as 
outlined previously, this alarm may be distinguished 
apart from a true alarm or a false alarm inasmuch 
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as depression of the release key will fail to stop 
the ringing of the alarm bells. The auto alarm 
should be taken out of operation and thorougfhly 
checked for faults as outlined in paragraph 22. 

Upon location and correction of the trouble, the 
auto alarm shall again be placed in operation and 
on watch, as was outlined in paragraph 14, making 
appropriate entries in the logs and in addition an 
entry in the auto alarm log covering the nature of 
the failure and the remedies applied. 

17. On Operation of Warning Lights. A con¬ 
tinued burning of the warning lights on the bridge 
and in the radio room is an indication that: 

(a) The signal relay has become locked up be¬ 
cause of a sustained signal or continuous static or 
noise of such high strength as to have the same 
effect, or indicates that: 

(b) The ship’s 115-volt d-c supply to the radio 
room and receiver power supply unit has failed or 
has been reduced materially, thus transferring the 
receiver to operation from the auxiliary B batteries. 

When (a) occurs, the sensitivity control should 
be reset to the “optimum” adjustment in accordance 
with paragraph 20d. 

When (b) occurs, steps should be taken to have 
the ship’s power resumed. 

An entry shall be made in the auto alarm log by 
the operator and in the ship’s official log by the 
officer on watch on the bridge whenever adjust¬ 
ments are necessary to reduce the sensitivity of the 
auto alarm giving all pertinent details. 

18. Date Labels. In accordance with Federal 
Communications C'ommission instructions, all bat¬ 
teries and tubes used in auto alarms shall be date- 
marked, showing their length of service. A number 
of gummed labels have been supplied for this pur¬ 
pose. Each tube and dry battery shall be labeled 
and marked with the date when it was actually 
placed in service (not when received aboard ship), 
and with the date it was removed from service. 

10. J^og Entries. luitries slnnild be made by the 
operator in the ship’s daily radio log, and by the 
officer on watch in tlie shiji’s official log, of the daily 
tests of the auto alarm, giving the time and other 
pertinent details. In addition, an auto alarm log 
shall be maintained giving the times the alarm was 
placed on watch, taken off watch, and any incidents 
such as true alarms, false alarms, or other pertinent 
details. 

Statements shall also be made in both logs when¬ 
ever the warning lights remain lighted for a con¬ 
tinuous period of five minutes, giving particulars 
as to the time the operator was called to make the 
neces.sary repairs or adjustments, the reason for 
the failure, the names of any parts removed, added, 
or substituted and the time the alarm was restored 
to proper working conditions. 

20. Operating Instructions, (a) How to start 
auto alarm equipment. Turn auto alarm bat¬ 
teries switch to position to discharge desired bat¬ 


tery. Turn power supply unit on as indicated by 
the green pilot light on the panel. Shift the an¬ 
tenna switch to the auto alarm position, thereby 
transferring the main antenna to the auto alarm 
receiver and comideting the power circuits to the 
equipment. Close the toggle switch of the battery 
charger, thus charging the second 24-volt battery. 
After approximately 30 seconds are allowed so that 
the tube heaters can warm up, the auto alarm should 
be in operating condition. 

Note: The charging rate has been adjusted to 
such a value that the batteries will be returned to 
the fully charged condition if they are charged one 
hour for every hour of discharge. The battery on 
discharge should be alternated every 24 hours rather 
than each time the equipment is placed on watch, 
unless this occurs only once per day, as this will 
result in a mor^ equal division of operating time 
between the two sets. 

(b) 11070 to send buzzer test signals, l^ress the 
button marked i kst buzzku on the receiver unit, thus 
operating the buzzer which generates the signals. 

(c) llozv to check rcccwcr scnsitkdty. Press 
the test buzzer button and turn the sensitivity 
control knob counterclockwise until the meter on 
the receiver panel averages 5 ma. The sensitivity 
control knob setting should be approximately 5. 
As the vsensitivity of the receiver becomes less and 
less, because of weakening of the tubes or for other 
reasons, the meter reading of 5 ma will occur at 
higher and higher settings of the sensitivity control. 

(d) Hoiv to adjust sensitii'ity control to *'optL 
mum.** The “optimum” .setting of the sensitivity 
control is the highest to which the control can be 
turned toward maximum (scale reading of 10) 
under the existing conditions of noise or static, or 
both, and including the normal background of weak 
signals, without causing the inilliammctcr needle to 
hover at a higher reading than about 3 to 4 ma. 
It is the adjustment of the sensitivity control at 
which the signal relay and the dash clutch arc not 
energized except momentarily by the noise or static 
during periods of no-signal. Generally this adjust¬ 
ment will occur somewhere between the scale read¬ 
ings of 5 and 10. This adjustment will generally 
be at a higher value during daylight periods than 
at night. 

Care must be taken that the setting of the sensi¬ 
tivity control is not too Icnv as this will result in the 
receiver being insensitive and thereby less likely to 
leceive an alarm signal. Continued operation of the 
receiver in an insensitive condition not only defeats 
the purpose of the auto alarm equipment, but it 
might also subject the vessel and its officers to em¬ 
barrassment should the equipment fail to respond 
to an alarm sent out by a near-by vessel in distress. 

The proper adjustment of the sensitivity control 
will be made considerably easier with the ^id of 
headphones plugged into the “phones” jack on the 
receiver. 



538 


RADIO MANUAL 


(e) H(nv to stop alarm bells. If the alarm bells 
are ringing because of the reception of a true alarm 
signal or because of a false alarm signal, the bells 
will be stopped when the release key on the selector 
unit panel is pressed. If, however, the bells do not 
stop ringing when this button is pressed, their ring¬ 
ing is caused by some failure of the equipment and 
they will only cease when the failure is remedied 
or the auto alarm equipment is turned off. The 
failures of the equipment which will cause the bells 
to ring include: 

Burning out of a vacuum tube heater. 

Storage battery voltage becoming too low. 

Selector fuse in selector unit blown, or the 24- 
volt circuit to auto alarm equipment open. 

Motor stopped or running too slow. 

Vacuum tube heater circuit or 24-volt circuit to 
receiver open. 

Ground on alarm bell circuit. 

Magnetic clutch failed to release cam, stopping 
motor by opening overrun contacts. 

(f) When warning lights operate for extended 
periods. The warning lights operate whenever the 
signal relay is operated continuously for periods 
longer than seconds and are extinguished when¬ 
ever the signal relay is released. Such operations 
of the relay can be due to the reception of a long 
dash but the relay can also be held in the operated 
position by strong noise or static conditions. The 
remedy is to reduce the sensitivity of the receiver 
to its “optimum*' value as explained in (d). 

These warning lights also operate when the ship's 
d-c power to the receiver power supply unit (B 
battery eliminator) cither fails or falls below 70 
volts, thereby automatically switching the receiver 
to the auxiliary B batteries. 

(g) Hozv to read battery voltages. The volt¬ 
meter on the selector unit panel is provided with a 
three-position switch so that the voltages of the 
two sets of 24-volt batteries, the output of the re¬ 
ceiver power supply unit, and the auxiliary 90-volt 
B batteries can be measured. 

Position “Minus A” indicates the voltage of bat¬ 
tery no. 1 when on discharge (positive side of 
battery grounded). 

Position “Plus A” indicates the voltage of battery 
no. 2 when on discharge (negative side of bat¬ 
tery grounded). 

Position “Plus B'* (nonlocking) indicates the volt¬ 
age of the output of the receiver power supply 
unit when that unit is turned on and it is oper¬ 
ating. If the meter reading for this position 
is backward, it indicates that the ship's llS-volt 
d-c power to the radio room has been reversed 
and should be corrected. 

Position “Plus B” (nonlocking) indicates the 
voltage of the 90-volt auxiliary B battery 


when the receiver power supply unit is turned 
OFF. 

(h) How to stop auto alarm equipment. Shift 
antenna switch from the auto alarm side to the 
“Main Position," thus connecting the antenna to 
the normal radio equipment. Turn off the receiver 
power supply unit. Open auto alarm charger 
switch to stop charging of battery unless it becomes 
necessary to continue charge for any reason. 

(i) General operating notes. Allow approxi¬ 
mately thirty seconds or more after starting the 
auto alarm equipment for the heaters of the tubes 
to warm up so that the receiver can become 
operative. 

When testing the alarm with dashes from the 
buzzer, headphones should be used to monitor the 
receiver in order to note any interference which may 
be present. With no interference present, the bells 
should ring after four correctly timed dashes have 
been applied to the receiver. During times of 
interference, it may require more than the minimum 
of four dashes to operate the bells, depending upon 
the manner in which the interference combines with 
the alarm signal to spoil the timing of the latter. 

This receiver has been designed for the specific 
purpose of operating a relay from the received sig¬ 
nals, It was not designed for the aural reception 
of signals. Therefore, the signals heard in the 
headphones during monitoring will have a peculiar 
sound or quality, making the receiver somewhat in¬ 
efficient for headphone use. Do not be misled, 
therefore, in judging its capabilities by what you 
hear in the phones. 

21. Maintenance, In order that electrical and 
mechanical equipment operate at its maximum effi¬ 
ciency, it must be given attention periodically. The 
auto alarm is such a piece of equipment and should 
be cared for in the following manner: 

(a) General. The entire equipment should be 
kept clean and free from dust and foreign matter. 
All connections and mounting screws should be 
checked periodically for tightness. Spares when 
used should be replaced as soon as possible. All 
routine tests should be faithfully performed with 
particular attention given to evidence of failure of 
any kind. 

(b) Tubes. The operator in charge of the equip¬ 
ment should acquaint himself with the normal re¬ 
sponse of the receiver by means of headphones 
plugged into the phone jack in order that he may 
detect any subsequent weakening of the tubes in the 
receiver. In addition, he should note the setting of 
the sensitivity control at which the milliammeter on 
the receiver panel averages a 5-ma reading on test 
buzzer signals when the line voltage is normal for 
the particular installation. Further check may be 
obtained by setting the sensitivity control in the 
above manner and then substituting a new tube in 
each position in rotation, noting the milliammeter 
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reading for each substitution. A pronounced in¬ 
crease in reading will then indicate when a weak 
or defective tube has been replaced. 

(c) Relays, All relays and contact springs 
should be handled with care so as not to change 
their adjustment or tension. All relay and timing 
cam contacts should be polished with the burnishing 
tool supplied for this purpose once a month, or 
oftener should this prove desirable for particular 
installations. 

Special attention should be given relays B and C. 
The process of burnishing is carried out in the 
following manner: Remoife all power by opening 
the 24-volt battery circuit at the auto alarm bat¬ 
teries switch on the panel; turn off power supply 
unit and also open the B battery by removing one 
lead from the battery. Otherwise a contact may be 
damaged by an accidental short circuit. Carefully 
insert the blade of the burnishing tool between the 
contacts to be polished and work the blade back 
and forth between the contacts 25 or more times 
while gently pressing the contacts against tlie blade 
with the fingers of the other hand. Do not exert 
too strong a pressure as this is a polishing process 
and not a filing one. Do nol use a file of any 
kind on any relay or cam spring contact. Do not 
follow up the burnishing process with an attempt 
to clean the contacts with rags or paper strips, etc. 
To do so merely leaves lint or foreign particles on 
the contacts which will burn and cause future trou¬ 
ble. Relay contacts, when fully “made” should be 
deflected from their free position by about 0.005 
inches. Observe the contact movement of a new 
or properly operating relay. Relay springs or 
armature adjustments should never be changed un¬ 
less it is absolutely necessary for regaining proper 
operation. 

(d) Motor, The motor is equipped with self- 
oiling ball bearings and a reduction gear running 
sealed in grease. It should not require oiling ex¬ 
cept after extended use and then only by competent 
servicemen from the service depots. Experience 
has shown that the motor governor rings and 
brushes require periodic cleaning, at least once a 
month, for uninterrupted operation of the motor. 

To clean the governor rings, it is necessary to 
remove the governor plate from the motor shaft. 
This is done in the following manner: 

Remove the top cover plate of the motor. 

Remove the one-half inch screw plug cover of the 
governor compartment. 

Insert a small screwdriver through the screw plug 
hole and loosen the two set screws that hold the 
governor plates to the motor shaft. The gov¬ 
ernor plate can then be lifted from the motor 
shaft. In replacing the governor plate, care 
should be taken to avoid damaging the governor 
brushes. This can be done by carefully placing 
the brushes in the holders before lowering the 
governor plate on the motor shaft. 


Should the governor rings and brushes or the 
motor commutator and brushes require any atten¬ 
tion, merely clean them with a cloth, together with 
the brush holders. A solvent, such as a small 
amount of carbon tetrachloride, benzene or alcohol 
may be beneficial in some cases. However, care 
should be taken not to scratch the contact surface 
of the copper. Nc^rr use any kind of abrasive on 
the commutator or governor rings. If the gov¬ 
ernor contacts become pitted, they may be smoothed 
by a very fine file or a fine sandpaper, followed by 
a thorough burnishing with the burnishing tool to 
regain their polished surface. After doing this, it 
may be necessary to readjust the speed of the motor. 
This is done in the following manner: 

The slow-motion shaft of the selector should re¬ 
volve at a speed of 6 rpm, which is 1 revolution per 
10 seconds or revolution every 5 seconds. If the 
speed of the motor is correct, then the transmitting 
contact > will be opened by the cam on the end of 
the slow-motion shaft every 5 seconds as observed 
by the second hand of the radio room clock. If the 
speed is too slou\ removed the cover of the gov¬ 
ernor compartment on top of the motor and turn the 
small spring contact adjusting screw in one-quarter 
turn and recheck the speed. Adjust this screw until 
the motor speed is correct, which is that adjustment 
where the shaft makes 6 full revolutions in 59 to 61 
seconds. 

(e) Cam Assembly. The cam contacts should 
be burnished as specified for relays in (c) above. 
See that the small bakclitc bushings betzveen the 
ends of the contact springs are not displaced or lost. 
A small oil hole is provided on the upper side of 
the two cams. One drop of light oil should be ap¬ 
plied once every 3 months. The collector rings on 
the two clutches should be wiped clean with a clean 
cloth occasionally, and the brush springs examined 
for tension and for wear. These brushes should 
bear firmly upon the rings. The cam contact oper¬ 
ating springs, with the V bend on the end which 
engages the cam, should be examined periodically 
for wear. The slow motion shaft bearings are 
sealed, self-lubricating ball bearings and require no 
attention. 

(f) Receiver power supply unit, Reciuires no 
maintenance except the switching relay, which 
should be burnished in the manner specified in (c) 
of this section. 

(g) Storage batteries. The storage batteries of 
this equipment are similar to any other storage bat¬ 
teries used with radio equipment and should receive 
the same attention. They should be kept clean, filled 
with distilled water and properly charged. The 
charging rate has been set to the correct value to 
recharge the batteries in one hour for each hour of 
discharge. They should be given a periodic over¬ 
charge in order to equalize the batteries and keep 
them in proper condition. (Refer to section on care 
of batteries, elsewhere in this book.) 
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(h) Dry B batteries. The voltage of the dry B 
batteries should be checked each week under load, 
that is, after being placed in operation by leaving 
the power supply unit switch off for a period of 5 
minutes. Batteries should be replaced with fresh 
ones as soon as practical after their voltage, as 
measured above, drops to 75 volts. 

22. Correction of Faults, The following is an 
outline of faults which might occur in the auto 
alarm equipment, together with methods of cor¬ 
recting them. This outline is not intended as a 
complete listing but merely as a guide to aid in the 
servicing of this equipment and maintaining it in 
operation. 

(a) No signals from receiver 

Ship’s d.c. reversed, thus placing negative side 
on plates. Check by turning power supply 
unit OFF and noting action of voltmeter with 
its switch held on b. 

R-f amplifier tube grid lead off or grounded. 
Dirty contacts on relay A. 

(b) Signals in phones but no relay action 

Defective 89 rectifier tubes. 

Shorted condenser, Cll. 

Open milliammeter. 

(c) High noise level locking up relay 

If noise stops when antenna is disconnected, 
source is external to etiuipment and should 
be located and corrected, if possible. 

If noise continues, source is in equipment or 
from ship\s d-c line. 

If noise continues when receiver power supply 
is turned off and toggle switch on battery 
charger opened, the source is in equipment. 
Check all connections for their tightness, 
clean motor commutator and brushes as per 

(d) under Maintenance. 

(d) Defective audio transformer 

Temporary repairs may be made either by 
jumping out the defective stage or by utiliz¬ 
ing the remaining good winding of the 
transformer by using it as choke and re¬ 
connecting the stage as an impedance- 
coupled stage. 

(e) Signal relay operates but no selector operation 

See that dash cam returns against its back stop 

and completely operate cam contacts below 
the cam. If necessary, increase cam return 
spring tension by loosening the three screws 
holding clamping ring around the knurled 
shoulder next to motor shaft coupling and 
then rotate knurled shoulder counterclock¬ 
wise a portion of a revolution, again tight¬ 
ening the clamping ring screws. 

* Examine these bottom cam contacts and see 
that they are “making” properly. These 
contacts must close before the signal relay 
can operate relay C and in turn the dash 


clutch. See description of operation under 
heading “The First Dash.” 

(f) Space cam does not operate 

Contacts III-l of 3^/^ second cam dirty, or 
not closing. Back contacts of relay M-2 
dirty or not making. Contacts of relay E-1 
dirty or not making. Clutch collector ring 
brushes dirty or not enough tension. 

(g) Counting relay operation OK but bells do not 

ring 

If relay M does not lock up, release key may 
be stuck. If relay does lock up, contacts 
M-1 may be dirty, alarm fuse on battery 
charger blown. 

(h) Alarm docs not ring after four test dashes 

When the alarm receiver is connected to an 

antenna, external signals may combine with 
the test signals in such a manner that the 
combination will act to spoil the timing of 
the test signal. The headphones should be 
worn during test of the auto alarm equip¬ 
ment in order to make certain that when 
additional dashes, l)eyond the normal num¬ 
ber of four, are required that it was because 
of the presence of interference. 

(i) Erratic registering of correctly timed signals 

If some correctly timed dashes may be regis¬ 
tered in the counter while others are not, 
with no interference present, check motor 
speed, relay B contacts, relay C contacts, 
dash clutch collector rings and brushes for 
proper operation. 

(j) Motor speed suddenly much too high 

Governor contacts pitted and welded closed; 

governor contacts shorted out of circuit. 

(k) Motor speed much too slow 

Governor contacts dirty; governor brushes 
dirty, stuck in holder, worn too short. 

(l) Alarm bell does not operate 

Remove from housing and burnish contacts 
thoroughly. 

(m) Buzzer does not operate 

Dirty or burned contacts; contacts out of ad¬ 
justment, series resistor open; buzzer button 
not making proper contact. Buzzer is ad¬ 
justed by screw at bottom, backing it out 
at least % turn from point where it merely 
clicks, until a smooth note and steady meter 
reading is obtained. 

(n) Alarm bells operate because of equipment 

failure 

The source of the trouble can be located most 
easily through the following procedure: 

(1) Observe voltmeter, if no indication ot 
voltage on positions — A or -f A; check 
selector fuse (3A fuse in selector unit). 

(2) If voltmeter indicates some voltage on 
above position, note whether it is normal 
24 volt reading. Battery may be nearing 
complete discharge. 
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(3) If voltmeter shows normal 24-volt read¬ 
ing, open selector cabinet and note 
whether motor is operating at normal 
speed. 

(4) If so, open receiver cabinet and observe 
whether relay A is operated, indicating 
the heater circuit complete. 

(5) If motor is not running, observe whether 
one of the clutches has failed to release 
its cam, thus opening one of the pairs of 
overrun contacts. If so, check operation 
of cam contacts II and IV, also relays 
D, E, and F, together with their contacts. 

(6) If above steps do not indicate location of 
failure, check bell circuits for grounding 
by removing the bell leads, one at a time, 
from terminals No. 3, No. 4, and No. 21, 
a ground on any one of which leads will 
cause all bells to oi)erate. 

(7) If the failure still remains, replace above 
leads and then remove lead from terminal 
No. 5. Jf bells continue to operate trou¬ 
ble is in receiver alarm bell circuit wiring 
of relay A. If failure stops, trouble is 
in selector alarm bell circuit wiring or in 
motor alarm contacts, or in Relay M. 

A similar process of elimination, after a study 
of the circuit diagram, will assist in locating the 
source of any trouble which might appear with this 
equipment. The bridge and operator's cabin bells 
may be removed from the circuit and thereby pre¬ 
vented from ringing and causing unnecessary dis¬ 
turbance during the above tests (except for the 
tests of (5) above) by removing the leads from 
terminals No. 3 and No. 4 in the receiver cabinet. 

(o) If it becomes necessary to operate the auto 
alarm receiver from the auxiliary B battery 
for any reason, the circuit from the power 
supply unit relay to the warning lights 
should be opened by removing the lead 
from terminal No. 50 in the power unit, 
taking care that the lead does not become 
grounded. This lead should be reconnected 
when operation from the power unit is 
resumed. 

23. To Transmit an Auto Alarm Signal, Upon 
receiving orders from the Captain, or other au¬ 
thorized officer of the vessel, to permit an auto alarm 
signal (which precedes the SOS distress signal), 
proceed as follows: 

With the antenna switch turned to connect the 
i-f transmitter to whichever antenna it is desired 
to use, place the transmitter in operating condition 
on 500 kc, adjusted for a broad signal (in the 
manner called for in the Regulations for transmit¬ 
ting a distress signal), close the auto alarm bat¬ 
teries switch on the panel and turn on the switch 
marked signal trans, on the auto alarm selector 


panel. This starts the selector motor independently 
of the rest of the auto alarm equipment and com¬ 
pletes the key circuit. Contacts in the selector will 
then operate the transmitter keying relay to transmit 
correctly time alarm signals of 4-second dashes and 
1-second spaces between dashes. To stop trans¬ 
mission, it is only necessary to turn off the signal 
transmit switch on the selector panel. 

24. List of Spare Parts. Each auto alarm in¬ 
stallation is supplied with spare parts assembled in 
a suitable container. Whenever items are used 
from the box, the contents of the box should be 
replenished at the first opportunity. 

13-le. Mackay Radio Receiver 128AV (Com¬ 
ponent of FT-106 Marine Radio Unit) —Radio 
receiver 128AV has been designed primarily as a 
marine radiotelegraph receiver but is also well suited 
for many applications on land. It covers the 
intermediate- and low-frequency bands and is de¬ 
signed for reception of both CW and modulated 
signals. The complete frequency coverage is IS to 
650 kc, divided into four overlapping ranges: 

Range A. 15-41 kc 

Range B. 37-105 kc 

Range C. 95-260 kc 

Range D. 240-650 kc 

The full-vision tuning scale is calibrated in kilo¬ 
cycles for each of the four ranges. 

1. Electrical Design. The schematic circuit dia¬ 
gram is shown in Figure 13-8. The receiver has 
one stage of tuned radio-frequency amplification, a 
regenerative detector, and two stages of audio¬ 
frequency amplification. The tuned coils are 
marked LI to LIO inclusive and the range selector 
switch consists of two ganged switches S2 and S3. 
Antenna switch SI, when thrown to the main 
position, connects the antenna to the primary coil 
of LI, L2, L3, or L4 according to the range (A, B, 
C, or D) in use. When in the emerg position, the 
antenna is connected to an extension terminal E on 
the cabinet terminal board, to which the antenna 
lead from the 123-BX crystal receiver is to be 
connected. 

Assuming the selector sw^itch is on range B, coil 
L2 is connected to CIA and CIB in parallel, the 
front two gangs of the tuning condenser. Shunted 
across CIA is antenna trimmer C2, controlled from 
the front panel. L2 is also connected to the grid 
of tlie r-f amplifier tube VI. The plate of VI 
drives coil L8 through its primary winding. Coil 
L8 is tuned by CIC and CID in parallel, the rear 
two gangs of the tuning condenser, forming the 
detector tuned circuit. The detector V3 utilizes 
grid leak Rll and condenser C14. A separate re¬ 
generator tube V2 is used, whose plate is coupled 
back to L8 through a tickler winding. Tw6 stages 
of resistance coupled a-f amplification, tubes V4 and 
V5, follow the detector. The output of VS is cou- 
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pled to the phone jacks by means of choke L12 and 
condensor C26. 

The gain of the r-f amplifier is controlled by 
potentiometer Rl, acting on the cathode potential 
of VI. Potentiometer R2 controls the degree of 
regeneration by adjustment of the plate voltage of 
V2. Audio frequency gain is controlled by potenti¬ 
ometer R3 in the grid circuit of V5. Resistor RlS 
in the detector plate output, together with condenser 
C20, act as a filter to reduce the amount of r-f signal 
passing from the detector into the a-f amplifier. 
Resistor RIO and condensers CIO and Cll constitute 
a scratch filter on the regeneration control. 

On range A, the receiver functions in a manner 
similar to that on range B. On ranges C and D, 
two tuned circuits are used between the antenna 
and the grid of the r-f amplifier. For instance, on 
range D the antenna signal current drives L4 which 
is tuned by CIA. This circuit is coupled to the 
circuit including L6 and CIB by means of the 
common condenser CS. Resistor R4 gives a d-c 
path around CS to the grid of VI. A trimmer C4 
is used to track the r-f grid circuit L6, CIB with 
the detector grid circuit. The detector grid circuit 
comprises LIO, tuned by CID and trimmed for fre¬ 
quency tracking by C36. Condenser gang CIC is 
not used on ranges C and D. The range selector 
switches are provided with segments which short 
circuit the primary and secondary coils or ranges 
not in use, in order to avoid dead spots due to self¬ 
resonance of the low-frequency coils. 

2. Operation. To operate the 128AV receiver, 
turn the receiver battery charge-discharge switch 
labeled receiver batteries on the panel of the 
Marine Radio Unit to either side according to which 
battery is to be used. Turn the heater switch in 
the lower left corner of the receiver panel to batts. 
The plate switch should be turned to line, and the 
POWER switch immediately above turned on. The 
pilot light labeled power will light, indicating that 
power is available from the shjp’s line. If there 
is no power available from the ship's line, turn tlie 
plate switch to BATTS. Tum the antenna switch 
to main. Set the af gain and rf gain controls 
at least halfway to maximum. Set the range switch 
ABCD to the proper range and the tuning dial to the 
desired frequency. Turn up the regeneration 
control just above the oscillation point, where a 
slight click is heard in headphones plugged into the 
PHONE jack. The signal may now he trimmed up 
by means of the main tuning dial and the antenna 
trimmer. The gain controls can be adjusted for 
the desired intensity. When receiving modulated 
signals, the regeneration control may be turned 
just below the point of oscillation. 

In the event that it is desired to use the 123-BX 
crystal receiver, turn the antenna switch to emerg 
and follow the instructions for that receiver. It is 
not necessary to have the 128AV receiver turned 
on when using the 123-BX. 


3. Maintenance, To renew tubes, fuses, and dial 
lights, the panel-chassis assembly must be removed 
from the shield. To accomplish this, remove the 
two 10-32 screws at each end of the panel. The 
chassis is stamped adjacent to each socket with the 
type of tube required in that socket. Either the 
metal type tubes, or the glass type may be used. 

The fuse amperage is stamped beside each fuse 
post. The fuses are type 3AG. The two dial lights 
are type 47. 

(a) Circuit check. The value of each resistor 
and fixed condenser can be determined from the 
parts list, in conjunction with the schematic dia¬ 
gram. There is shown on the diagram views of 
the under side of the socket for each type of vacuum 
tube, with the prongs or pins numbered 1 to 8 in 
conventional manner, and with identification of the 
electrode connected to each pin. The following 
table indicates the proper voltages for each socket 
prong as measured from the chassis. The voltages 
shown are for all tubes in place, using a 6 volt A 
battery and 90 volt B battery. The chassis is nega¬ 
tive in every measurement. For checking these 
voltages, remove the chassis from the shield and 
stand it on either end, leaving the battery cable 
plugged into the chassis. Use a 1000 ohms per volt 
meter. For measurements on tubes V3, V4, and VS, 
.set regeneration just above the point of oscillation. 


Prong VI V2 V3 V4 V5 

1 . 0 0 0 0 

2 .... 0 0 0 0 0 

3. ... (a)(d) (c)(d) 0 0.4(e) 86 

4. .. 0 — 0 0 88 

5. ... (a) (d) 0 0 0.4 (c) 0 

6 . (b) (d) — 16 (d) 11 (d) 

7 . 6 6 6 6 6 

8 . 90 0 23 (d) 14(d) 9.0(f) 


(a) R-f ffain max. 2.5 volts; r-f gain min. 31 volts. 

(b) R-g gain max. 50 volts; r-f gain min. 62 volts. 

(c) Regeneration max. 14 volts; regeneration min. 0 
volts. 

(d) Use 150-volt range. 

(e) Use 7.5-volt range. 

(f) Use 75-volt range. 

(b) Frequency calibration. The accuracy of the 
frequency calibration of the tuning dial depends 
upon the inductance of the detector tuning coils, 
the capacitance curve of the tuning capacitor, and 
the minimum capacitance of the circuit. No at¬ 
tempt should be made in the field to adjust the coil 
inductance or the capacitance curve, as these adjust¬ 
ments require laboratory equipment. There is 
little likelihood that the factors determining the cali¬ 
bration accuracy will change spontaneously. In the 
event that an appreciable frequency error develops, 
the minimum capacitance of the detector circuits 
may be adjusted in the field. Trimmers are pro¬ 
vided on both sides of the two rear gangs in the 
tuning capacitor and on the coil bracket for this 
purpose. Withdrawing the chassis from the shield 
for trimming will not change the calibration 
appreciably. 




















































































MARINE RADIO EQUIPMENT 


543 


Three signals are required, having a frequency 
accuracy of oi 1 percent or better, one being 
between 500 and 650 kc, the second between 200 
and 260 kc; and the third between 80 and lOS kc. 
Tune in the highest frequency signal on range D, 
adjust the regeneration just above the oscillation 
point and the r-f gain at least % turn below maxi¬ 
mum, Adjust the trimmer on the rear gang and the 
one marked D on the rear surface of the coil 
bracket until zero beat is obtained with the dial set 
accurately to the known frequency of the test signal. 
Tune in the second frequency on range C and adjust 
for zero beat, using only the trimmer marked C on 
the rear surface of the coil shield. Proceed in the 
same manner for the lowest frequency signal, tun¬ 
ing it in on range B, and adjusting only the trim¬ 
mers on the next to the rear gang. 

If the dial calibration still appears to be inaccu¬ 
rate, the difficulty should be brought to the attention 
of an authorized service agent. 

(c) Trimming of the r-f grid circuit. On each 
of the ranges C and D there are three tuned circuits. 
The frequency of the receiver is determined by the 
tuning of the detector circuit. The r-f grid tuned 
circuit is designed to track with the detector circuit. 
The antenna tuned circuit is provided with a manu¬ 
ally controlled trimmer on the front panel. Two 
small trimming condensers are provided in the r-f 
grid tuned circuits: C3 for range C; and C4 for 
range D. These trimmers are adjustable with a 
screw driver through two holes in the top of the 
chassis, between the gang condenser and the panel, 
and marked with the letters C and D. 

If these circuits appear to require trimming, 
withdraw the chassis from the shield, tune in a 
signal or background noise on the range D, in the 
region from 500 to 650 kc. Adjust the trimmer 
marked D for maximum response to the signal or 
noise. On range C, tune in a signal or background 
noise in the region from 200 to 260 kc and adjust 
the trimmer marked C for maximum response. 

13-lf. Mackay Radio Receiver 123BX (Com¬ 
ponent of FT-106 Marine Radio Unit)—This is 
a simple crystal detector receiver intended for emer¬ 
gency shipboard use in case all other available re¬ 
ceivers fail. The receiver is completely mounted 
on its front panel, which measures 6% by 
inches. It is placed on the Marine Radio Unit panel 
at the left of the regular receiver, and may be com¬ 
pletely removed by unscrewing the four panel 
screws, and disconnecting the antenna connection. 
The equipment mounted on the panel is shielded 
electrically and mechanically by a steel cover. If 
it is desired to gain access to the receiver parts, 
this may be done by removing the four screws which 
hold the cover in place. 

The frequency range of this receiver is 350 to 
550 kc. This receiver is responsive to any form of 
modulated signal, such as spark telegraph signals, 
A-2 (ICW) telegraph signals, or speech. Both 


antenna and closed circuit tuning are employed, 
resulting in selectivity which is very good for this 
simple form of receiver. 

The schematic diagram of this receiver is shown 
in Figure 13-9. On the front panel, the tuning 
knob, the position of which may be read on the 
etched scale, controls the variable condenser in the 
antenna series tuned circuit. At the lower left 
corner is a knob controlling the three position tap 
switch for the antenna inductance. The secondary 
tuning condenser is at the lower right corner of the 
panel, varying from maximum to minimum in 180®. 
An OFF-ON switch, located at the upper right corner 
of the receiver panel, opens the antenna and shorts 
the crystal when in off position, thus protecting 
the crystal while transmitting or when the receiver 
is not in use. 



GNO 

Fig. 13-9. Schematic circuit diagram of the 123BX 
emergency crystal receiver used in the Mackay FT-106 
marine radio unit. 

The receiver is connected to whichever antenna is 
in use, by placing the antenna switch on the 
128AV receiver in emerg position. The crystal 
detector may be adjusted in an obvious manner to 
practically any part of its surface, in searching for 
a sensitive spot. In tuning in a station, the large 
tuning knob is the main factor in selecting the 
signals. However, the proper point on the antenna 
coil tap switch should be found by experience to get 
maximum sensitivity. This switch is provided to 
take care of various types of antenna installations. 
The secondary circuit tuning is much flatter than 
the antenna circuit, but gives considerable improve¬ 
ment in selectivity and sensitivity when tuned to 
the desired signal. Both tuning knobs turn clock¬ 
wise for increasing frequency. 

The Federal Communications Commission's rules 
require that a record of receiver adjustments be 
made on 500 kc, 375 kc, and one other working 
frequency between these two. F6r this purpose, a 
card holder is placed on the lower part of the 123BX 
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receiver panel, on which should be recorded the 
required dial and knob settings. 

13-lg. Scott Radio Receiver SLR~F (Compo¬ 
nent of FT-106 Marine Radio Unit) —The model 
SLR~F radio receiver is primarily intended for use 
aboard ship. It covers the frequency ranges of 
80-560 kc and 1.9 to 24.0 me in five bands, as 
follows: 


Band 1. 80-220 kc 

Band 2. 210- 560 kc 

Band 3. 1.0-5.1 me 

Band 4. 4.5-12.0 me 

Band 5. 8.8-24.0 me 


The equipment is suitable for the reeeption of 
radio, telephone, or telegraph signals by either head¬ 
phones or loud-speaker. 

Special circuits and features are incorporated in 
the model SLR-F radio receiver to preclude its 
oscillator feeding voltages into the antenna circuit, 
and radiating interferences which could be detected 
by sensitive radio receiving or radio direction find¬ 
ing equipment. 

The model SLR-F receiver is designed to operate 
from 110-volt, 60-cycle a-c supply, which is provided 
in the Marine Radio Unit from the ship’s a-c line. 

The model SLR-F receiver is mounted immedi¬ 
ately below the 167AY transmitter in the left-hand 
section of the Marine Radio Unit. It is held in 
place by screws along each side of the front panel 
of the receiver and is connected to the Marine 
Radio Unit by means of flexible cables. These 
cables are of sufficient length to permit removing 
the receiver and placing it on the operating shelf 
of the Marine Radio Unit while repairs or minor 
adjustments are being made. 

1. Circuits. The model SLR-F receiver is an 
11-tube superheterodyne. The circuit employed on 
all ranges comprises one stage of radio frequency 
amplification, first detector, a separate high- 
frequency oscillator, two stages of the intermediate- 
frequency amplification operating at 585 kc, a diode 
type second detector, one stage of resistance coupled 
audio amplification, and an audio frequency output 
stage. The second detector utilizes one set of ele¬ 
ments of a dual diode, the other set of elements is 
utilized for a peak noise limiter. The resistance 
coupled audio stage utilizes the triode section of a 
diode-triode tube; the two diode elements of this 
tube are connected in parallel and utilized for de¬ 
layed automatic volume control. A beat-frequency 
oscillator is coupled to the second detector to pro¬ 
vide for CW reception. A dual diode tube is con¬ 
nected between the audio-frequency amplifier tube 
and a power output tube, and is used as a limiter 
tube for CW reception to keep the audio output 
signal at a constant level. 

The power supply section of the receiver, which 
is employed for supplying the necessary operating 
voltages for the receiver circuits, is designed for 


operation from 110-volt, 60-cycle, single-phase a-c 
power. The power supply includes a power trans¬ 
former with r-f input filter and primary fuses, a 
vacuum tube rectifier, and a two-section a-f filter. 

Two audio output circuits are provided: 

(a) A phone jack is mounted on the front panel. 
The output from this jack can be adjusted to match 
the operator’s phones by means of the jumper on 
the left side of the chassis. This load impedance 
can be adjusted for either 600 ohms or 20,000 ohms 
by inserting a jumper in the proper terminals. The 
output from this jack can be adjusted to suit the 
operator’s desire by means of the screwdriver con¬ 
trol on the left side of the chassis marked phone 

OUTPUT ADJ. 

(b) Loud-speaker terminals are provided at the 
rear of the chassis. The correct load impedance of 
the speaker output circuit is 600 ohms. 

An antenna input jack is located on the rear of 
the chassis and is connected by flexible cables to the 
terminal board mounted on the rear of the Marine 
Radio Unit. 

The power lead and the phone leads for the time 
check circuit are also connected to plugs in the rear 
of the chassis of the model SLR-F receiver. Flexi¬ 
ble cables running from these plugs are connected 
to the terminal board at the rear of the Marine 
Radio Unit. 

Fuses which are located in the primary circuit of 
the power supply are mounted adjacent to the power 
input receptacle at the rear of the receiver chassis. 
The fuse mountings are of such design that the 
fuses, which are of the miniature cartridge type, are 
replaceable without difficulty. 

2. Antenna. The input circuit of the SLR-F 
receiver is so arranged to be suitable for use with 
either a balanced feed line or a single-wire antenna 
system. The Marine Radio Unit has been designed 
for operation with a doublet receiving antenna and 
has therefore been wired to the receiver as a bal¬ 
anced feed line. 

If, in an emergency, it is necessary to use a 
single antenna, a lead must be connected to the 
prong of the antenna plug which is adjacent to the 
chassis ground terminal and this lead must be 
grounded to the terminal. The antenna lead-in end 
then is connected to the remaining prong on the 
socket. The dimensions of a single wire antenna 
to be used in a receiver are not critical. The recom¬ 
mended minimum over-all length of the antenna 
lead-in is 75 feet. The recommended maximum 
over-all length is 200 feet. 

3. Construction. The chassis assembly is rigidly 
secured to the front panel and forms a basic unit, 
capable of being inserted or withdrawn from the 
Marine Radio Unit as a unit. All vacuum tubes 
are accessible from the top side of the chassis, upon 
removal of the chassis from the Marine Radio Unit. 
The design and construction of the chassis assembly 
and the arrangement of the component parts 
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mounted thereon provide a high degree of accessi¬ 
bility to all items for inspection, servicing, or re¬ 
placing. A bottom cover plate completely encloses 
the bottom of the chassis proper. It is provided 
as an added shielding feature and for the protection 
of the underside mounted components against dam¬ 
age due to careless handling. It is secured to the 
chassis with machine screws so that it is readily 
removable for repairs to effect replacement of chas¬ 
sis mounted components. 

This receiver is especially designed to minimize 
radiation from the high-frequency oscillator. This 
is accomplished by isolating the antenna input cir¬ 
cuits from the first detector and the high-frequency 
oscillator circuits through the use of extensive 
shielding and covering and by the use of a type of 
construction which reduces to practical limits un¬ 
desirable circuit couplings by virtue of circulating 
currents and common shields. 

A separate shielding compartment designed as a 
complete sub-assembly contains all the circuit ele¬ 
ments between the antenna input and the signal grid 
of the r-f amplifier tube. This assembly is mounted 
at the rear center of the chassis. It is centrally 
disposed above and below the chassis through an 
aperture in the chassis. 

A second shield compartment constructed and 
mounted in the same manner as that containing the 
antenna circuit outlet, but larger in over-all dimen¬ 
sions contains all of the circuit elements from the 
r-f amplifier tube to the first i-f amplifier input 
transformer, and includes also all circuit elements 
associated with the high-frequency oscillator. 
This compartment is mounted on the chassis be¬ 
tween the front panel and the compartment con¬ 
taining the antenna input circuit elements. 

Insulated mechanical couplings are employed for 
joining together the shafts of the tuning condensers 
and solid couplings employed for joining the bands 
of the selector shafts in the two shielding compart¬ 
ments. The r-f amplifier tube is mounted in a 
horizontal position in a socket which is provided 
with a clamp for securing the tube in place. The 
socket is mounted in one side wall of the large 
compartment and all wiring thereto is contained 
within the compartment. The vacuum tube then 
projects into the side of the compartment containing 
the antenna circuit components and connection to 
the single grid cap is made within the confines of 
the antenna compartment. 

Removable cover plates secured with thumbscrews 
are provided on the two shielded compartments with 
access to the vacuum tubes contained within. Simi¬ 
lar cover plates on the bottoms of the shielded com¬ 
partments are secured with machine screws. For 
access to the circuit trimmer components, it is neces¬ 
sary to remove the top covers and on the bottom 
of the large units slide back the cover plate to ex¬ 
pose the trimmers. 

The secondary windings of the antenna coupling 


transformers feeding the grid of the r-f amplifier 
tube are provided with individual adjustable iron 
cores for inductance trimming. For capacitance 
trimming on bands 1, 2, and 3, a variable air trim¬ 
mer, adjustable from the front panel, is provided. 
On bands 4 and S, variable air trimmer condensers 
are provided and are accessible for adjustment after 
removing the bottom plate of the antenna unit. Ac¬ 
cess to the adjustable iron cores is provided upon 
removal of the top cover plate of the shielded 
compartment containing the antenna coupling 
transformers. 

The r-f transformers coupling the plate of the r-f 
amplifier tube with the signal grid of the first de¬ 
tector are each provided with both inductance trim¬ 
mers in the form of adjustable iron cores and con¬ 
denser trimmers in the form of variable air con¬ 
densers for purposes of alignment in these circuits 
with the high frequency oscillator circuits. Access 
to these trimmer components is afforded by sliding 
the bottom plate of the large unit containing the r-f 
and high-frc(iuency oscillator components. 

The high-frequency oscillator circuits are simi¬ 
larly provided with adjustable iron cores and ad¬ 
justable air dielectric trimmer condensers for in¬ 
ductance and capacitance trimming. These adjust¬ 
able trimmers, together with the padded condensers, 
permit the tracking of the high-frequency oscillator 
with the r-f amplifier circuit. The padder con¬ 
densers on bands 3, 4, and 5 are of the fixed dielec¬ 
tric type. On bands 1 and 2, an adjustable air 
dielectric condenser is employed in parallel with the 
fixed mica dielectric condenser. All trimmer ad¬ 
justments on the bottom of this unit are adjustable 
when the bottom plate is slid back to the open posi¬ 
tion. The trimmer adjustments on the top of the 
large unit are available when the top cover is 
removed. 

4. Circuit. The actual schematic diagram of the 
model SLR-F radio receiver is shown in Figure 
13-10. For purposes of illustration, it will be as¬ 
sumed that the circuits are set up as for reception 
on Band 1 as depicted in the diagram. The follow¬ 
ing description will refer, therefore, to the symbol 
numbers of the circuit elements of the band as, or 
when pertinent to, the description. It shall be as¬ 
sumed that, unless otherwise noted, the description 
will apply to all other bands equally. 

5. Signal Frequency Circuits. Signal input to 
the receiver through antenna jack J-103 is con¬ 
nected to the primary winding of the antenna input 
transformer T-101 by switch S-IOIA. An electro¬ 
static shield at ground potential separates the sec¬ 
ondary winding from the primary winding on bands 
2, 3, 4, and 5. The secondary winding of T-101 
together with variable air dielectric capacitor C-1S8, 
and shunt connected capacitor C-156 constitutes the 
first tuned circuit. C-156 is a variable air dielectric 
condenser, and is controlled from the front panel by 
the knob marked ant trimmer. This condenser is 
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connected in the circuit only on bands 1, 2, and 3. 
On BANDS 4 and 5, the circuits are aligned by ad¬ 
justable air trimmers C~141 and C~142, which are 
located inside of the antenna shielded compartment. 
Transfer of r-f signal, at the resonant frequency 
of this tuned circuit, from the antenna to the con¬ 
trol grid of r-f amplifier tube V~101, is accom¬ 
plished by inductive coupling through antenna input 
transformer T-101. Variable condenser C-1S8 is 
ganged with variable condensers C-157A and 
C~1S7B to provide unicontrolled tuning of the re¬ 
ceiver. The secondary winding of transformer 
T-101 is provided with adjustable iron core E-115 
for inductance trimming and variable air dielectric 
condenser C-1S6 for capacitance trimming as stated 
above. These trimmer elements permit the accurate 
alignment of the tuned circuits at both ends of the 
frequency band. The high potential end of the 
tuned circuit is connected to the control grid of r-f 
amplifier tube V-101 by switch S-IOIB and through 
coupling condenser C-120. The low potential end 
of the tuned circuit is returned to ground. The 
d-c bias return from the control grid of r-f amplifier 
tube V-101 to the A VC bus is closed through grid 
resistor R-130. Inductor L-101 is connected in the 
primary circuit of the antenna transformer and is 
provided to attenuate signals of the i-f frequency. 
This inductor is tuned by condenser C-13S and is 
adjusted to resonance by adjustable iron core E-13S. 

Plate potential from the high-voltage d-c bus is 
applied to the plate of r-f amplifier tube V-101 
through decoupling filter resistor R-llS, by-passed 
to ground by condenser C-105B and condenser 
C-1S9. The suppressor is connected to the screen 
circuit ^^hich is operated at high potential. Initial 
bias is obtained by means of cathode resistor R-103 
and SENSITIVITY control potentiometer R-140B, the 
cathode is by-passed by C-105A. Screen potential, 
also obtained from the high-voltage d-c bus, is ap¬ 
plied to the screen through a decoupling filter con¬ 
sisting of filter resistor R-119 and by-pass con¬ 
denser C-105C. 

The amplified signal voltage from the plate of 
r-f amplifier tube V-101 is applied to the primary 
winding of r-f transformer T-106, and by inductive 
coupling is transferred to the control grid of first 
detector tube V-103 through the secondary winding 
of r-f transformer T-106, switch section S-IOIC, 
and coupling condenser C-121. The secondary 
winding of transformer T-106, together with vari¬ 
able air dielectric tuning condenser C-1S7B consti¬ 
tute the second and final tuned circuit operating at 
the signal frequency. The low potential end of the 
secondary winding of transformer T-106 connects 
to ground. Adjustable iron core E-119 and parallel- 
connected variable air dielectric condensers C-143 
are provided for alignment pu»-poses and are acces¬ 
sible for adjustment. The d-c bias return from the 
control grid of first detector tube V-103 to the 
AVC bus is closed through grid resistor R-131. 


Screen potential from the high-voltage d-c bus is 
applied to the screen of first detector tube V-103 
through r-f inductor L-102 by-passed to ground by 
C-106C and through decoupling filter resistor R-113 
by-passed to ground by C-106B. The suppressor is 
internally connected to the shell of the tube. Initial 
bias is obtained by means of cathode resistor R-102, 
by-passed to ground by C-106A. 

6. High-frequency Oscillator Circuits. The high- 
frequency oscillator is of the so-called '^electron 
coupled'' type. The tuned circuit consists of tapped 
inductor T-111 shunted with variable air dielectric 
trimmer condenser C-144 and tuned with variable, 
air dielectric tuning condenser C-157A, fixed 
padder condenser C-127, and variable, air dielectric 
padding condenser C-145. The inductor element is 
also provided with adjustable, iron core E-123 for 
inductance trimming. Padder condenser C-127 and 
C-14S is used to modify the tuning of the H. F. 
oscillator so that it will maintain a fixed frequency 
difference of 585 kc with respect to the signal fre¬ 
quency when tuning condensers C-158, C-157A, and 
C-157B are varied from minimum to maximum 
capacitance. Inductor T-111 is compensated for 
variations in temperature by condenser C-138 which 
has a negative temperature coefficient. 1'he high 
potential end of the oscillator tuned circuit is con¬ 
nected, by switch S-IOID, through coupling con¬ 
denser C-136 to the control grid of the high- 
frequency oscillator tube V-102. This grid is re¬ 
turned to ground through grid resistor R-116 for 
d-c bias return. The low potential end of the tuned 
circuit is also returned to ground. The cathode of 
high-frequency oscillator tube V-102 is connected, 
by switch S-IOID, to the tap on inductor T-111, 
and through coupling condenser C-137 to the oscil¬ 
lator injector grid of first detector tube V-103. 
This grid has a d-c return to ground through grid 
resistor R-114. 

The plate of high-frequency oscillator tube V-102 
is connected to the high-voltage d-c bus through 
decoupling filter resistor R-112, by-passed to ground 
by C-107B, and r-f filter inductor L-103, by-passed 
to ground by C-107C. One side of the heater cir- 
cuit operates at ground potential while the other side 
is filtered by C-107A and r-f filter inductor L-104. 

7. I-f Amplifier Circuits. The signal frequency ar¬ 
riving at the control grid of first detector tube V-103 
and the high-frequency oscillator frequency arriving 
at the injector grid of this tube are mixed (or 
heterodyned) and the resultant difference frequency 
(585 kc) is fed to the input of the intermediate- 
frequency amplifier. 

Transfer of intermediate-frequency energy, from 
the first detector tube V-103 to second detector tube 
V-107, is accomplished by inductive coupling 
through i-f transformers T-116, T-117, and T-118, 
and amplifier through i-f amplifier tubes V-104 and 
V-105. First i-f transformer T-116 consists of 
two tuned circuits, the primary and secondary wind- 
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ings are tuned to the intermediate frequency of 585 
kc, by fixed condensers C-128 and C-129 and by 
adjustable iron cores E-128 and E-129, provided 
for inductance trimming and accessible through the 
top and bottom of the transformer shield can. The 
high potential end of the primary tuned circuit con¬ 
nects to the plate of first detector tube V-103 
through a shielded conductor, while the low potential 
end of the winding connects to the high-voltage d-c 
bus through decoupling resistor R-106, by-passed to 
ground by C-lllA. The high potential end of the 
secondary tuned circuit is connected to the grid of 
first i-f amplifier tube V-104 while the low potential 
end is connected to the A VC bus through A VC filter 
R-125 and C-lllB. 

Screen potential from the high-voltage d-c bus is 
applied to the screen of first i-f amplifier tube V-104 
through decoupling filter resistor R-120, by-passed 
to ground by C-112B. Minimum bias is obtained 
through R-107, by-passed by C-112A. 

Second i-f transformer T-117 is identical to first 
i-f transformer T-116, with respect to its design 
and construction. Accordingly, except for differ¬ 
ences in circuit symbol designations which become 
obvious upon examination of the schematic diagram, 
the circuit description is applicable to this trans¬ 
former, in all details. 

The circuit arrangement of second i-f amplifier 
tube V-105 is the same, except for symbol designa¬ 
tions, as described for first i-f amplifier tube V-104. 

Third i-f transformer T-118 is identical in design 
and construction to second i-f transformer T-117, 
except for the coupling between the primary and 
secondary windings. Accordingly, except for dif¬ 
ferences in circuit symbol designations, the circuit 
description above is applicable to this transformer. 

8. Second Detector Circuits. Tube V-107 is a 
dual diode tube. One section is used as the second 
detector, the plate of which is connected to the high 
potential end of the secondary winding of trans¬ 
former T-118. The cathode is grounded, thus the 
tube acts as a half-wave rectifier. The other sec¬ 
tion of dual diode tube V-107 is used in a peak noise 
limiter circuit; a variable potentiometer R-138 is 
provided to adjust the threshold level at which the 
noise limiter will work. This control has a screw¬ 
driver slot in the shaft and is accessible through an 
opening in the right side of the receiver cabinet. 

9. CJV Oscillator Circuits. Associated with the 
second detector circuits is the CW oscillator tube 
V-106. The CW oscillator circuit normally oper¬ 
ates at the i-f value of 585 kc. It provides an r-f 
potential with which an unmodulated i-f signal at 
the second detector can heterodyne to produce an 
audible CW beat note. The frequency of the CW 
oscillator circuit is determined by inductor T-119, 
parallel-connected C-134 and adjustable iron core 
E-134; condenser C-134 is a temperature compen¬ 
sating type and is used to keep the CW oscillator 
circuit stable when the temperature varies. This 


condenser has a positive temperature coefficient. 
The circuit of the CW oscillator is of the electron- 
coupled type. A variable air dielectric condenser, 
C-155, is connected across inductor T-119 and is 
controlled from the front panel of the receiver by 
knob E-111. This condenser is used to vary the 
frequency of the CW oscillator within narrow 
limits. Potential from the CW oscillator tube 
V-106 is coupled by means of C-123 to the detector 
diode plate of tube V-107. Plate potential is ap¬ 
plied to the plate of CW oscillator tube V-106 
through R-122 and filter resistor R-129, by-passed 
to ground by C-llOA. Screen potential is applied 
to this tube through filter resistor R-124, by-passed 
by C-109A. 

10. Automatic Colume Control Circuits. Auto¬ 
matic volume control is provided by the diode sec¬ 
tion of tube V-108. I-f potential from the plate 
of second i-f amplifier tube V-105 is applied to the 
diode plates of V-108 through C-140. This r-f 
potential is rectified by the diode and the voltage 
appearing across load resistor R-132 is filtered by 
R-133 and C-109B, and the resulting d-c voltage 
is used to control the gain of amplifier tubes V-101, 
V-103, V-104, and V-105, the degree of control 
being dependent on the strength of the incoming 
signal. This A VC voltage is applied to the tul)es 
only when the reception switch on the front panel 
is set in the mod position. Delay voltage is applied 
to the AVC bus by applying a negative 3-volt poten¬ 
tial to the low potential end of R-132. This delay 
voltage is applied to the AVC bus so that the AVC 
will not become effective until a signal strong 
enough to develop approximately 3 volts across the 
diode load R-132 is applied to the plates of the 
diode section of tube V-108. 

11. Audio Amplifier Circuits. The audio voltage 
developed across the diode load resistor R-127 as 
the result of the demodulating action of the second 
detector tube V-107 is applied to the control grid of 
first a-f amplifier tube V-108, through coupling 
condenser C-116 and volume control potentiometer 
R-140A. 

Amplification of the a-f signals from the second 
detector is accomplished by resistance-capacitance 
coupling between the first a-f amplifier tube V-108 
and the second a-f output amplifier tube V-110. 
Dual diode tube V-109 is provided as an audio 
output limiter tube, and is connected in the audio 
circuit between V-108 and V-110. It is effective 
only when the reception switch on the front panel 
is in the cwol position. Since the AVC system of 
the receiver is not functioning when in the cwol 
reception position, ^ CW signal which is fading 
considerably will give a great variation in audio 
output. This tube is used to level off the peaks of 
fading signals so that a more constant audio output 
is provided at the phone jack or speaker terminals. 
A variable potentiometer R-137 is provided to* adjust 
the level at which the output limiter circuit will 
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work. This control is of the screwdriver type and 
is accessible for adjustment through an aperture 
in the left side of the receiver cabinet. 

Transfer of audio-frequency energy, from the 
plate of output amplifier tube V-110 to head tele¬ 
phone jack J-104 and speaker terminals E-102, is 
accomplished through output transformer T-120. 
This transformer has two secondary windings, one 
of 600 ohms impedance, and the other of 20,000 
ohms impedance. 

12. Reception Switch Circuits, The reception 
switch S-102, mounted on the front panel of the 
receiver, provides the following circuit conditions: 

MOD position: The r-f gain control R-140B is 
shorted out so that the r-f gain is maximum at all 
times the A VC circuit is operating. Potential from 
the high-voltage d-c bus is removed from the CW 
oscillator tube V-106 so that this circuit is not oper¬ 
ating. Maximum bias is applied to the cathode of 
output limiter tube V-109 through R-123 and vari¬ 
able potentiometer R--137 from the high-voltage d-c 
bus so that this circuit does not operate. 

CW position: The r-f gain control R-140B is 
connected in the circuit and controls the bias on 
V-101, V-104, and V-IOS, thus controlling the gain 
of these tubes. The A VC is shorted out so that it 
does not operate, and minus 3 volts is applied di¬ 
rectly to the A VC bus. Potential from the high- 
voltage d-c bus is applied to the cw oscillator tube 
V-106 so that this circuit operates. The output 
limiter tube V~109 does not operate. 

cwoL position: The r-f gain control R~140B, 
A VC circuit, and CW oscillator circuit are con¬ 
nected as explained above. Variable potentiometer 
R-137 in the output limiter circuit is grounded at 
one end and the bias on the cathode of V-109 can 
be adjusted so that the output level can be set to 
suit the operator. 

13. Phone Control Circuits, The phone control 
switch S-103, mounted on the front panel of the 
receiver, provides the following circuit conditions: 

Position NO. 1 provides for connecting the phone 
jack J-104 to the output transformer of the SLR-F 
through variable resistor R-139, terminal boards 
E-104, E-105, and resistors R-111 and R-142. 
Terminal E-104, marked 600 ohms and terminal 
E-105, marked 20,000 ohms, are provided so that 
the phone jack can be matched to transformer 
T-120 to use either 600-ohm or 20,000-ohm head¬ 
phones. The shorting link should be placed across 
tile proper terminal board to match the headphones 
being used. Resistors R-111 and R-142 are used 
to cut the audio output available at the headphone 
jack to approximately 100 milliwatts. The output 
can be adjusted from 100 milliwatts to approxi¬ 
mately 1 milliwatt, by means of variable resistor 
R-139, which is of the screwdriver adjusting type, 
and is mounted on the left side of the receiver 
chassis. 


The MIXED position provides for connecting the 
phone jack J-104 to the audio circuit as outlined 
in the paragraph above and, in addition, it also 
connects the phone jack to terminal board E-103 
mounted in the rear of the receiver chassis. This 
terminal board is connected to the time check switch 
of the Marine Radio Unit. This switch must be in 
the MIXED position whenever the time check signals 
are being run from the SLR-F receiver to the jack 
provided near the chronometer. 

Position NO. 2 provides for connecting the phone 
jack J-104 to terminal board E-103 only. This 
position will not normally be used, since there is no 
ready means of providing an input signal at the 
terminal board E-103. 

14. Rectifier Power Circuits, The proper a-c 
heater potential for all vacuum tubes, except the 
rectifier, is obtained from one secondary winding 
of power transformer '1-121. One side of this 
secondary is operated at ground potential. Filament 
potential for the rectifier is obtained from a second 
winding of this transformer. High-voltage a-c 
plate potential from a third winding of transformer 
T-121 is applied to the plates of rectifier tube 
V-111. The rectified pulsating potential is ob¬ 
tained from the filament of this tube and fed 
through a two-section filter consisting of L-105, 
L-106, and C-101, C-102, C-103, and thence to the 
high-voltage d-c bus. The center tap of high- 
voltage winding is returned to ground through 
R-101 which provides a negative 3 volts utilized for 
delay bias on the A VC bus. 

The a-c power input line to the primary winding 
of power transformer T-121 is filtered by C-115A 
and C-115B to prevent stray r-f potentials from 
being applied across the primary winding. The 
primary winding is fused by F-101 and F-102 which 
should never be replaced with fuses of larger rating 
than 2 amp. 

15. Operating Instructions, All switches and 
controls (with the exception of the main tuning 
control) of the SLR-F receiver are identified by 
panel engraving. 

The main tuning control knob E-114 is located 
at the right side of the dial escutcheon in the center 
of the panel, and is secured to a shaft which drives 
the ganged main tuning condensers through a 25:1 
ratio gear train. The dial calibration scale, N-105, 
is secured to a shaft and driven by the same gear 
train so as to give 338® rotation of the dial scale 
for 180° rotation of the tuning condensers. The 
dial calibration scale is directly calibrated in kilo¬ 
cycles on bands 1 and 2, and in megacycles on 
bands 3, 4, and 5. There is also a logging scale on 
the outer circumference of the dial scale marked 0 
to KKX). The dial escutcheon E-137 is fitted with 
a transparent shatterproof lens on which the five 
frequency bands are designated by engraved num¬ 
bers. Indirect dial illumination is afforded by dial 
lamp I-lOl mounted in back of the dial scale. 
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The gain control R-140 is located at the left bot¬ 
tom end of the panel, and consists of two controls 
ganged together. The outside section R-140B con¬ 
trols the gain of the r-f amplifier tube V-101, and 
the first and second i-f amplifier tubes V-104 and 
V-105, when the reception control is in the cw 
or cwoL positions. The inside section of the gain 
control R-140A is used to control the inj)ut signal 
to the audio amplifier. I'his control is operated by 
knob E~108. 

The ANTENNA TRIMMER Control knob E-109 is 
located to the right of the gain control. This con¬ 
trol is a variable air dielectric trimmer condenser 
connected across the antenna section of the main 
tuning condenser C-1S8. This control is used to 
compensate for variations in tracking which may be 
encountered when using dififerent types of antennas. 
The control knob should be set at zero when tuning 
and adjusted for maximum gain when tlie desired 
signal is tuned in. This control is effective only on 
bands 1, 2, and 3. 

The PHONE JACK J~104 is located in the center of 
the panel to the right of the antenna trimmer 
control. This jack is connected to the phone con¬ 
trol switch operated by knob E-113, located in the 
upper left-hand side of the panel. This control lias 
three positions marked no. 1, mixed, no. 2. In 
no. 1 position, the output of the SLR-F receiver 
is connected to the phone jack. In mixed posi¬ 
tion, the output of the SLR-F receiver is attached 
to terminals E--l()3 in the rear of the receiver 
chassis marked set no. 2. 

The band selector switch control knoh E-110 is 
located to the right of the phoNe jack. I'his con¬ 
trol operates to select the r-f and high-frequency 
oscillator circuits for the five frequency bands cov¬ 
ered by the receiver. The settings of this switch 
are marked 1, 2, 3, 4, and S, and they coincide with 
the markings on the dial escutcheon. 

The cw OSCILLATOR control knob E-111 is located 
to the right of the band selector control. The 
cw oscillator control is effective only when the 
reception control is in the cw or cwol positions. 
This control varies the frequency of the cw oscil¬ 
lator which tunes to the intermediate frequency, 
585 kc when the knob is set to zero. 

The reception control knob E-112 is located 
above the cw osc control. This control has three 
positions marked mod, cw, and cwol. In the mod 
position, the cw osc circuit is off, the output limiter 
circuit is off, the sensitivity section of the gain 
control R-140B is shorted out, making the r-f gain 
of the receiver maximum. The A VC circuit is 
operating and the receiver is in the correct operating 
position for the reception of modulated signals. 
When the reception control is set to the cw posi¬ 
tion, the cw osc circuit is operating, the output 
limiter is off, the sensitivity section of gain control 
R-140B is switched into the circuit so that the r-f 
gain of the receiver can be controlled. The A VC 


circuit is shorted out and the receiver is adjusted 
for reception of cw signals. W1ien the reception 
control is set to the cwol position, all circuits are 
adjusted as in the cw position, with the exception 
of the oittput limiter circuit, which is now 
switched into the circuit and, by adjusting the out¬ 
put limiter control R-137, the output level of the 
receiver can be adjusted so that on fading signals, 
the peaks are leveled off, keeping the audio output 
signal at a definite level. 

The power switch S-104 is located in the center 
of the panel to the left of the dial escutcheon. 
The power switch is connected in the primary cir¬ 
cuit of the power supply transformer of the re¬ 
ceiver and receptacle E-106 is used. 

Directly above the main tuning control is the 
dial lock control. When this control is turned 
clockwise, it locks the main tuning control vSO that 
it cannot be jarred out of position from vibration. 
The dial lock is released by turning the knob 
counterclockwise as far as necessary to allow the 
dial to turn freely. 

A screwdriver type control R-139 marked phone 
oiTTPtTT adjustment is located on the left side of 
the chassis. This control can be adjusted to raise 
or lower the audio output at the phone jack from 
1 milliwatt to 100 milliwatts, with a 600-ohm per¬ 
manent magnet type speaker connected across the 
speaker terminal strip E-102. 

A screwdriver type control R-*138 marked noise 
LIMITER adjustment IS locatcd on the right-hand 
side of the receiver chassis. This control is pro¬ 
vided to adjust the threshold level of the noise 
limiter circuit to the noise conditions aboard ship. 

Terminal strips E-104 and E-105 located on the 
left hand side of the Receiver chassis are provided 
to select the proper impedance match for either 
6(K)-ohm or 20,()00-ohm head telephones. If 600-ohm 
phones are to be used, the shorting clip should be 
placed across the 600-ohra terminal strip E-104. If 
20,000-ohm phones arc to be used, the shorting clip 
should be placed across the 20,000-ohm terminal 
strip E-105. 

A set screw wrench for hollow head set screws 
is furnished with each receiver. It is retained 
under two clips on the front of the oscillator- 
converter unit. This wrench can be used for re¬ 
moving all the control knobs also for loosening the 
set screws holding the r-f amplifier tube V-101. 
If this tube is removed for servicing or replacement, 
make certain that the three set screws holding the 
tube in place are tightened securely after replacing 
the tube in the socket. 

Hand grips are provided on the front panel to 
aid in removing the chassis from the cabinet without 
subjecting the operating controls to any undue 
strain. 

Nin^er replace the line fuses F-101 ‘^and F-102 
with any fuse of higher rating than 2 amps. 
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IS-lh. Mackay Antenna Transfer Switch 107A 
and Grounding Switch of FT-106 Marine Radio 
Unit —The 107A antenna transfer switch is 
mounted at the upper left corner of the right-hand 
section of the Marine Unit, where it is wired di- 
lectly to the feeders from the main, emergency, 
and auxiliary antennas. The switch is entirely 
back-panel connected with the handle protruding on 
the front. It is thereby made safe to handle under 
any condition. 

The antenna grounding switch is located immedi¬ 
ately below the 107A antenna transfer switch and is 
likewise entirely connected behind the panel with 
the handle grounded for protection of the operator. 

1. With the 107A antenna switch in the if 
MA iN-HF EMERGENCY position, and the antenna 
grounding switch pushed in, the antenna switch 
performs the following functions: The i-f trans¬ 
mitter is connected to the ship's main antenna. 
The high-frequency transmitter is connected to the 
ship's emergency antenna. The 128AV receiver 
operates on the main antenna through the break-in 
relay of the 155AY transmitter. The auxiliary 
antenna circuit is open, and the auto alarm antenna 
circuit is grounded. The auto alarm power circuits 
are open. 

2. With the 107A antenna transfer switch in the 
UF MAiN-iF EMERGENCY position and the antenna 
grounding switch pushed in, the switches perform 
the following functions: The high-frequency trans¬ 
mitter is connected to the main antenna. The i-f 
transmitter is connected to the emergency antenna. 
The auxiliary antenna remains open. The auto 
alarm antenna circuit is grounded and the auto 
alarm power circuits are open. The 128AV re¬ 
ceiver operates from the emergency antenna through 
the break-in relay of the ISSAY transmitter. 

3. With the 107A antenna transfer switch in the 
DF-AA position and the antenna grounding switch 
pushed in, circuits are completed as follows; The 
main antenna is connected to the auto alarm antenna 
circuit, from which the ground has been removed. 
The emergency antenna remains connected to the 
i-f transmitter. The circuit from the back contacts 
of the keying relay to the 128AV receiver has been 
opened and the 128AV receiver operates from the 
auxiliary antenna. The keying circuit of the trans¬ 
mitter has been opened, making it impossible to 
operate the transmitter with the switch in this posi¬ 
tion. The power circuits of the auto alarm have 
been closed, placing the auto alarm in operation. 
The direction finder interlock circuit has been closed 
as described in paragraph 5 below. 

4. With the antenna grounding switch pulled out, 
the circuits are completed as follows: The circuit 
from the intermediate frequency transmitter to the 
artificial antenna is completed by the bottom con¬ 
tact of the antenna grounding switch. This permits 
testing the i-f transmitter with the artificial load. 
The i-f transmitter and high-frequency transmitter 


terminals of the 107A antenna transfer switch have 
been grounded, and both the main and emergency 
antennas are grounded when the 107A antenna 
transfer switch is in either the if main-hf emer¬ 
gency position or hf main-if emergency positions. 
If the 107A antenna transfer switch has been 
turned to the df-aa position, the ground on the main 
antenna is opened, and the auto alarm is operative. 
The emergency antenna remains grounded. 

S. A signal circuit and interlock circuit for the 
radio direction finder have been included in the 
107A antenna transfer switch and the grounding 
switch. These function as follows: A red, warning 
light located above the switch handle of the 107A 
antenna transfer switch when lighted indicates that 
the direction finder has been turned on and that its 
use is desired. The direction finder cannot be 
placed in service until the antenna transfer switch 
is placed in the df-aa position and the antenna 
grounding switch has been pushed in, that is, to 
the operating position. When both switches have 
been turned to their proper positions for operation 
of the direction finder, the circuit is completed 
through the auxiliary contacts upon the 107A an¬ 
tenna transfer switch and a push-button switch on 
the grounding switch to the power relay of the 
radio direction finder. The lamp remains lighted 
until the direction finder has been turned off. 

13-li. Battery Charging and Control Circuits 
of FT-106 Marine Radio Unit—1. Above the re¬ 
ceivers on the right-hand section of the Marine 
Radio Unit are two etched panels and a voltmeter. 
On the etched panels are placed all the equipment 
necessary to control the charging and discharging 
of the auto alarm and receiver batteries, the auto 
alarm power supply control switch and pilot lamp, 
and the auto alarm signal lamp. 

2. On the left end of the etched strips, is a toggle 
switch labeled charger control circuit. The pur¬ 
pose of this switch is to remove entirely power from 
the charger circuits and resistors in case it is desired 
to replace resistors or to assure that none of the 
batteries controlled by the associated switches is 
inadvertently left on charge. 

3. Next to this switch is a red pilot lamp marked 
auto alarm. This light, which is in parallel with 
the alarm light on the bridge, gives a visual indica¬ 
tion of misadjustment of the auto alarm. The func¬ 
tion of this signal and the corrective measures to 
be pursued in case the alarm operates are described 
in detail in section 13-ld, paragraphs 17a and 17b. 

4. The third toggle switch labeled receiver 
charger connects the charger circuit for the re¬ 
ceiver batteries to whichever 6-volt receiver battery 
is to be charged, as determined by its associated 
switch marked receiver batteries. The receiver 
charger switch is essential, as it is not necessary 
to charge continuously one battery while the other 
is in use. 
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5. The switch labeled receiver batteries selects 
the receiver battery which is to be used, and the 
one which is to be charged. It is so arranged that 
when thrown to the left, receiver battery 2 is con¬ 
nected to the receiver, and battery 1 is placed in 
the charging circuit. When the switch is thrown 
to the right, the opposite occurs, battery 2 being 
connected to the charger and battery 1 being con¬ 
nected to the receiver. When thrown to off posi¬ 
tion, the battery circuits are opened. Whether or 
not the associated battery is actually charged when 
the receiver battery switch is placed in a position 
marked chg. 1 or chg. 2 depends upon whether or 
not the receiver charger switch is thrown. If 
placed in on position, this toggle switch causes the 
battery to be charged at approximately 4 amps, and 
the ventilating fan to rotate slowly. The resistors 
for this charger circuit are placed on the lower rack 
behind the auto alarm cabinet and are labeled 9 
OHMS. 

6. In the center of the two etched plates is a d-c 
voltmeter, marked line voltage. This instrument 
provides a constant check of the voltage of the 
ship’s supply line. It connects to the main line 
switch through the 1-amp fuses F-1, in the base of 
the right-hand section of the Marine Unit 

7. 1 o the right of the line voltmeter is the auto 
alarm batteries switch. This switch controls the 
charging and discharging of the two sets of 24-volt 
batteries used for operating the auto alarm. When 
this switch is thrown to the left, battery 1 is placed 
in the charging circuit, and battery 2 is used to 
operate the auto alarm equipment. When thrown 
to the right, battery 2 is placed in the charging 
circuit, and battery 1 is connected to the auto alarm. 

8. auto alarm charger switch connects power 
to the charging circuit, resulting in charging which¬ 
ever battery has been selected for charging (as 
described above in paragraph 7). The charging 
rate is approximately 2 amp. The charging re¬ 
sistors are mounted on the lower rack behind the 
auto alarm cabinet and are labeled 15 ohms. The 
ventilating fan is rotated at low speed by the opera¬ 
tion of both the auto alarm batteries and the 
auto alarm charger switches. 

9. The auto alarm power light operates when¬ 
ever the auto alarm power supply is functioning. 
It indicates that the auto alarm power supply has 
been turned on, and that the ship’s line is being 
used to power the auto alarm equipment. 

10. The switch marked auto alarm power sup¬ 
ply is used to turn on that unit. It should be 
thrown on whenever the auto alarm is placed in 
operation, thus conserving the auxiliary dry B bat¬ 
teries. Throwing this switch to on position lights 
the associated pilot lamp (auto alarm power). 

13-lj. Lights and Miscellaneous Equipment of 
FT-106 Marine Radio Unit — 1. The Marine 
Radio Unit is provided with emergency lighting 
of all controls, the emergency generator, terminal 


equipment, fuses and batteries. A shaded lamp 
atop the junction of the right-hand and center sec¬ 
tions illuminates the radio clock, all controls, and 
the operating position. A second light in the base 
of the right section illuminates the motor generator 
and the power equipment. Both of these lamps 
operate from the 24-volt battery and are in no way 
dependent upon the ship’s power supply. A spare 
emergency lamp is placed adjacent to the emergency 
light on top of the unit where it is available at any 
time should the emergency light burn out. The 
emergency lights are separately fused by fuses F3 
in the base of the right section of the Marine 
Radio Unit. 

Note: The emergency light should not be used 
for illumination when ship’s power is available and 
when it is lound necessary to use them, they should 
be turned off immediately when not in use, thus 
conserving battery power. These lamps, which are 
labeled 24 volts, should never be placed in the socket 
connecting to the ship’s 115-volt supply as they may 
explode when turned on and may cause personal 
injury. 

2. An operating light is provided atop the junc¬ 
tion of the left-hand and center sections. This 
light, which operates from 115-volt ship’s line, pro¬ 
vides illumination of all controls and the operating 
table. This lamp is wired in such a way that it 
may be turned on whenever the main switch located 
in the base of the right-hand section of the Marine 
Radio Unit has been turned on. The operating light 
should be used whenever ship’s power is available, 
rather than using the emergency light, thus con¬ 
serving battery power for emergency use. 

3. Provision has been made in the Marine Radio 
Unit for a circuit to charge the direction finder bat¬ 
teries. This consists of a fuse block mounted on 
the rear panel of the right-hand section of the 
Marine Radio Unit, adjacent to the a-c line fuses. 
The cable to the direction finder battery charger 
may be connected to these fuses, F8, which in turn 
are connected directly to the main line switch. 
This provides the power for battery charging, the 
polarity of which may be determined instantly by 
observing the line voltmeter on the right-hand sec¬ 
tion of the Marine Radio Unit. 

4. A time check circuit has been included with the 
receivers of the Marine Radio Unit. This consists 
of leads from the 128AV receiver and the SLR-F 
receiver which are brought to a time check switch 
located to the right of the SLR-F receiver in the 
left-hand section of the Marine Radio Unit. With 
this switch in the if position, a circuit is completed 
from the 128AV receiver to a terminal board at 
the base of the left hand section, from which point 
a cable may run to a jack box located^ near the 
chronometer. With the time check switch in the 
HF position, the circuit is completed from the 
SLR-F receiver to the jack box near the chro- 
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nometer. With the switch in the off position, 
neither receiver is connected to the jack box. 

5. A typewriter well has been built into the oper¬ 
ating shelf of the FT-106 Marine Radio Unit. 
This functions as follows: The typewriter well con¬ 
sists of a flat surface, one side of which is covered 
with linoleum to match the rest of the operating 
shelf. With the linoleum covered side up, the sur¬ 
face is flush with that of the operating shelf on 
each side of the typewriter well. The shelf may 
be held in this position by means of a captive screw 
on each side of the bracket which reinforces the 
typewriter well. If it is desired to use a typewriter, 
the two captive screws may be loosened and the well 
permitted to revolve on the bearings provided for 
that purpose. When the center section of the shelf 
has revolved until the linoleum covered surface is 
down, a typewriter well approximately 4^ inches 
deep is provided. The shelf may be held in this 
position by means of the same two captive screws 
which now engage with nuts in the moving bracket, 
located opposite those originally used. 

13~lk. Fusing of FT-106 Circuits—^All circuits 
of the FT-106 Marine Radio Unit have been ade¬ 
quately fused, to protect the equipment in the event 
of failure of some components. Each of the fuses 
put in the Marine Unit operates to protect some 
portion of the equipment as described below. 

1. Pmver Circuit Fuses, Two 60-amp fuses, F7, 
are located in the llS-volt d-c supply line of the 
Marine Radio Unit. These fuses are mounted in 
the box housing the main line switch and will re¬ 
move all power from the Marine Unit should the 
individual fusing on the separate components fail 
to isolate the trouble. 

Two 60-amp fuses, F4, are placed in a fuse block 
immediately below the main line switch. This fuse 
protects the 24-volt emergency battery against se¬ 
vere overload and is inserted on the circuit between 
the battery and the emergency motor generator 
meter. 

Fuses labeled FI, mounted above the main ter¬ 
minal in the base of the right section of the Marine 
Radio Unit, are 1-amp fuses to which are connected 
the line voltmeter and the auto alarm power supply. 
The current requirement of these two units is low 
and adequate protection is provided by the 1-amp 
fuse. 

The second fuse block in this group, F2, contains 
20-amp fuses placed in the following circuit; 

Receiver and auto alarm chargers 
Ventilating fan 
Service outlet 

The third set of fuses in the group, F3 are 6-amp 
fuses in the 24-volt emergency light circuits. 

Two 10-amp fuses, F8, are mounted in a fuse 
block on the rear panel of the right-hand section 
of the Marine Radio Unit. To this fuse block, the 
cable to the direction finder battery charger is con¬ 


nected. These fuses are of adequate size to carry 
any load normally imposed by the direction finder 
battery charger and are chosen large enough so that 
difficulty within the charger will normally blow 
fuses within the charger itself. These fuses then 
function as protection in the event of short circuits 
in the cable to the battery charger. 

Between the direction finder battery charger 
fuses and the direction finder interlock terminal 
board on the rear panel of the right-hand section 
of the Marine Unit are mounted two 3-amp fuses 
in the a-c line supply to the Marine Radio Unit. 
Both receivers, which are connected to this line, 
are separately fused. These fuses may be removed 
to remove all a-c power from the Marine Radio 
Unit components. 

2. Transmitter Circuit Fuses. Two 20-amp fuses, 
FI, Figure 13-3, provide overload protection for 
the 720-cycle power supplied to the rectifier and 
modulator transformers of the ISSAY transmitter. 
These fuses serve to protect the equipment regard¬ 
less of whether the rectifier is used with the high- 
frequency or the intermediate-frequency transmitters. 

The 115-volt d-c line supply to the 155AY trans¬ 
mitter is fused by two fuses, F2, mounted on the 
base of the transmitter. These are 20-amp fuses. 

The emergency battery charging circuit is fused 
by two fuses, F3. These arc 20-amp fuses mounted 
on the base of the 155AY transmitter. 

A high-voltage fuse, FIO, provides protection on 
the plate supply circuit to the 167AY transmitter. 
This is a 1-amp fuse which is mounted inside a box 
on the rear panel of the left-hand section of the 
Marine Radio Unit. 

3. Auto Alarm Fuses. The fuses associated with 
the auto alarm are mounted on the back of the auto 
alarm selector cabinet where they are easily acces¬ 
sible by opening the selector door from the front. 

FS, a 3-amp fuse, which is placed in the receiver 
supply circuit, is the top fuse of the two mounted 
on this block. This fuse will blow if trouble occurs 
in the filament, relay, motor, or any other circuit 
within the auto alarm equipment 

F6 is a 6-amp fuse in the alarm circuits. All 
three bells and both alarm signal lights are in series 
with this fuse and a ground on any alarm circuit 
will result in blowing the fuse. 

4. Receiver Fuses. Fuses for the 128AV re¬ 
ceiver are mounted on the rear panel of the com¬ 
partment in which the receiver is mounted. They 
are accessible by removing the receiver from the 
compartment and consist of the following: 

(a) A-c line fuses FI and F2 (Figure 13-8). 
These are 1-amp fuses which will blow in 
the event of short circuits or other failures 
within the rectifier supplying the plate volt¬ 
age from the a-c line. 

(b) A S-amp fuse, F3, is inserted in the filament 
circuit of the 128AV receiver. This will 
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blow if a short occurs in the tube filament 
circuit, dial light circuit, or within a tube 
itself. The dial lights will not light if this 
fuse has blown. 

(c) A %-amp fuse, F4, is inserted in the 

battery circuit and will blow if a short cir¬ 
cuit occurs anywhere in the high voltage sup¬ 
ply circuit for the receiver. This fuse will 
open whether the rectifier or the “B” bat¬ 
teries are being used for plate supply in 
the receiver. 

Two 2-anip fuses mounted on the rear of the 
chassis of the SLR-F receiver provide protection 
in the event of any failure within that receiver. 
"J'hese fuses are accessible by removing the receiver 
from the compartment within which it is mounted. 

13-11. FT-106 Storage Battcrics—The follow¬ 
ing battery equipment is supplied with each Marine 
Radio Unit: 

(a) Four MLL-15 6-volt, 23S-ampere-hour trays 
comprising one 24-volt battery for the emer¬ 
gency transmitter. The specific gravity of 
these trays, fully charged, is 1.285. 

(b) Eight MR-7 6-volt, 50-ampere-hour trays 
comprising two 24-volt batteries for operat¬ 
ing the auto alarm. 

(c) Two MR-7 6-volt, 50-ampere-hour trays, 
both of which are used for receiver 128AV. 
All 50-ampere-hour batteries are 1.210 spe¬ 
cific gravity. 

Keep all parts of battery clean and dry. When 
necessary, wash all covers with a rag dampened with 
fresh water. Keep connections clean and tight. 
Prevent corrosion by applying a thin coating of 
vaseline to brass or copper surfaces before bolting. 
Keep all filling plugs tightly in place, except when 
adding water or reading gravity. Never add acid. 
Select and mark a cell called a pilot cell in each 
battery for hydrometer readings. Every six months, 
change the pilot cell to avoid lowering the gravity 
of one cell, due to possible loss of electrolyte in 
taking readings. Using all cells spreads possible 
loss over all cells, rather than have the loss taken 
by a single cell. 

1. Discharging Batteries. The 24-volt battery 
should be placed on discharge using the transmitter 
unkeyed as a load once each six months, if possible, 
for six hours. This should be done in port, or 
during layup, on the possibility of requiring the ap¬ 
paratus to be fixed. A time allowance of at least 
twenty-four hours can be provided for charging. 
Otherwise, the equipment should be used only for 
daily tasks or as may be necessary when an emer¬ 
gency occurs. 

Alternately use each of the auto alarm batteries 
to carry the 1.4-amp load for the sixteen-hour auto 
alarm watch period during which the specific gravity 
should drop about 65 points, that is, from 1.210 to 
1.145. 


2. Charging Batteries. The emergency batteries 
should be kept fully charged as is indicated by a 
hydrometer reading of 1.285. After a period of 
prolonged use, the battery should be charged at a 
full charge rate of 8 amps until the specific gravity 
rises to 1.285. Hereafter, it can be floated using 
the %-amp trickier rate for a number of hours a 
day. It is suggested that the main battery be placed 
on trickle charge during the sixteen hours the auto 
alarm is in use. 

The auto alarm charger is proportioned to the 
discharge rate, that is, whenever the auto alarm is 
in use, using one battery, the other should be on 
charge. This lesults in returning the unused bat¬ 
tery to a fully charged condition, at the conclusion 
of a sixteen-hour period of auto alarm watch. 

The receiver batteries should be charged approxi¬ 
mately one hour for each two hours of use, or as is 
sufficient to return them to a fully charged state. 
Tliey should never be overcharged. 

Do not oiwrcharge batteries. A rapid decrease 
in the water level of cells indicates overcharge. 

Once a month after reading specific gravity of 
batteries coming off discharge, add distilled water 
or other approved water (never anything else) to 
all cells to bring the top of the electrolyte to % 
inches above the top of the separators. If water 
evaporation is too rapid, charging periods should 
be reduced. 

Twice a year (every six months) charge each 
battery for a full twenty-four-hour period. Be 
sure to water all cells before starting this charge. 
Fifteen minutes after the end of the charge, read 
the specific gravity of all cells. Record these read¬ 
ings, as required by the operating company. 

13-lm. FT-106 Part Replacements—In re¬ 
placing parts in any of the apparatus, exact specifi¬ 
cations on most parts may be determined by con¬ 
sulting the wiring diagram and/or parts lists. The 
part, if replaced from the spare parts box, should 
be replaced as soon as possible. If not included in 
the spares, the part should be ordered, using the in¬ 
formation listed in the electrical parts list from the 
first available service point. 

“B" batteries should be replaced whenever the 
voltage of the set of two batteries drops to 75 volts 
on load. The batteries are inserted from the front 
and may be connected and tested for voltage from 
the top through the door on the right side of the 
Marine Radio Unit. 

The charging resistors may be replaced by re¬ 
moving the wires connecting to the defective re¬ 
sistor, removing one end bracket and sliding the 
resistor out of the other spring clip. In case one 
resistor goes open, it may be temporarily shorted 
out. This increases the charging rate, and the 
charging time for the particular battery*should be 
decreased. The charging resistors are mounted be¬ 
hind the auto alarm cabinet as follows: 
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(a) The emergency battery chargers, R~7 to 
R~12 on RC-2922-14, are labeled 1.9 ohms 
and mounted on the top row of the resistor 
rack. 

(b) The trickle charging resistor R-13 is 170 
ohms and is located at the inside end of the 
top row of resistors. 

(c) The receiver battery chargers are 9 ohms 
each, R-4 to R-6 on RC-2922-14, and are 
located on the lower resistor rack. 

(d) The auto alarm battery charger resistors, 
R-1 to R-3, are located on the lower resistor 
rack. They are labeled 15 ohms. 

13-ln. FT-106 Ventilating Fan Circuits—The 

ventilating fan is arranged to operate in series with 
a 60-ohm resistor across the line. A second 60-ohm 
resistor (R~17) may also be inserted in series with 
the fan. This provides a reduced speed for ex¬ 
hausting a low volume of heat, such as is radiated 
by the receiver battery chargers, the auto alarm 
battery chargers, or the emergency battery trickle 
charger. 

(a) The fan rotates when the transmitter is oper¬ 
ated on the ship’s line. It will normally rotate at 
the slow rate of speed, unless the trickle charge- 
full CHARGE switch is thrown to full charge. 
This increases the speed of the fan so as to ex¬ 
haust the increased volume of heat. The normal 
position for the trickle charge switch, when the full 
charger is not being used, is in trickle charge 
position. The fan is operated, in this case, by a 
contact of the line switch. 

(b) The fan operates also when the battery 
switch on the transmitter is thrown to charge posi¬ 
tion. Switch S-9 controls the speed of the fan by 
shorting out or inserting the 60-ohm series resistor 
in the fan circuit. 

(c) The fan is operated by throwing the re¬ 
ceiver charger and receiver batteries switches 
to an ON position. Both switches must be thrown. 
The fan will rotate slowly unless the trickle 
charge switch on transmitter ISSAY is up. It 
should be kept in the lower position when not in use, 
but provides means for increasing the ventilation 
should the temperature warrant. 

(d) The fan functions when the auto alarm 
BATTERIES and auto alarm chargers switches are 
thrown so as to charge, in a similar manner to that 
described under (c). The speed of the fan is con¬ 
trollable by the toggle switch on transmitter 155AY 
but will normally be at low speed. 

13-^2. RMCA Model 4U Radio Unit— The 
Radiomarine Model 4U radio unit is a self-contained 
type of shipboard radio equipment, designed and 
manufactured for installation on U. S. Maritime 
Commission vessels. A basic consideration govern¬ 
ing the design is provision for installation in a mini¬ 
mum of time. This is accomplished in model 4U 
by means of “unit frame*’ construction, wherein the 


various radio units are completely assembled and 
wired at the factory in their respective frames. 
Prefabricated ‘‘interframe** cables are supplied. 

All external power wiring and auxiliary circuits 
are brought into the base sections of the model 4U. 
These circuits comprise the .ship’s 115-volt d-c main 
or emergency power supply, 6- and 12-volt storage 
battery circuits, and the external circuits required 
for the auto alarm, the direction finder, and the 
time signal circuits. On some ves.sels, a 115-volt, 
60-cycle, single-phase, a-c supply is also brought 
in to the model 4U to furnish power for a type 
RM--23 rectifier unit. 

A brief summary of model 4U major components 
is listed below. These components are described in 
greater detail further in this chapter. The assembly 
includes the following units: 

1. Main transmitter, three tubes, 200 watts out¬ 
put, 8 frequencies, 350 to 500 kc, A1 and A2 
emission, model ET-8024-A. 

2. Emergency transmitter, six tubes, 40 watts 
output, 5 frequencies, 350 to 500 kc, A2 emis¬ 
sion, model ET-8025. 

3. High-frequency transmitter, five tubes, 200 
watts output, 2000 to 24,000 kc, A1 and A2 
emission, model ET-8023. 

4. Main and emergency receiver, five tubes, low 
and intermediate frequency, 15 to 650 kc, 
model AR-8510. 

5. Communication receiver, ten tubes, intermedi¬ 
ate and high frequency, 85 to 550 kc, and 
1900 to 25,000 kc, model AR-8506-B. 

6. Emergency crystal receiver, intermediate fre¬ 
quency, 350 to 515 kc, type D. 

7. Auto alarm, nine tubes, for automatic recep¬ 
tion of the International Auto Alarm Signal 
on 500 kc, model AR-8601. 

8. Alarm signal keyer, for automatic transmis¬ 
sion of the International Auto Alarm Signal, 
model AR-8651. 

9. Transmitter selector switch for quickly con¬ 
necting the various transmitters to the 
antennas. 

10. Motor generator transfer switch for quickly 
connecting the main motor generator to the 
ET-8024-A or ET-8023 transmitters. 

11. Main motor generator operating from 115 volt 
d-c to furnish power to the ET-8023 or ET- 
8024-A transmitters. 

12. Main motor generator automatic starter. 

13. Type RM-B line filter unit fpr AR-8506-B 
receiver. 

14. Emergency motor generator operating from 
12-volt storage battery for supplying power 
to ET--8025 emergency transmitter. 

15. Rectifier unit type RM-23, operating from 
115-volt, 60-cycle a.c. to furnish 90-volt d.c. 
for AR-8510 receiver plate supply. (This 



MARINE RADIO EQUIPMENT 


5S5 



Fir, n-n The RMC\ model 4U marine radio unit 


unit normally furnished only for Victory 
vessels ) 

16 The receiver power switch, for AR-8510 
receiver, which permits selection of the 90- 
volt supply from the type RM-23 rectifier 
unit or from the 90-volt B batteries which are 
furnished. 

17. 12-volt emergency light at top of frame B, 
for illuminating main and emergency trans¬ 
mitters and main and emergency receivers. 

18. 115-volt console light at top of frame D for 
general illumination of the console. 

19. Battery charging facilities with appropriate 
switching and charging resistors for the 12- 
volt emergency storage battery, the two 6-volt 
receiver A storage batteries and the auto 
alarm 6-volt storage battery. 

20. Fuse panels for fusing the various circuits in 
the console unit. 

21. 115-volt dc., 60-amp, double-pole single¬ 
throw, main line switch mounted in the lower 
section of frame C. 

22. Operating table, 18 inches in depth running 
the entire length of the model 4U assembly. 

23. Typewriter well 20 inches wide, 4% inches 
deep, with clamps for securing typewriter. 
This typewriter well is hinged so that type¬ 
writer may be removed and the well reversed 


in order to provide a continuous flush work¬ 
ing surface on the operating table. 

24. Time signal cord and plug, which is wired to 
chart room, to enable the radio operator to 
connect this circuit to either the AR-8510 or 
AR-8506-B receiver. 

25. Three telegraph keys. One of these keys is 
used with the ET-8025 emergency transmit¬ 
ter. The other two keys, connected in paral¬ 
lel, are used with the ET-^023 or ET-8024-A 
transmitters and are automatically switched 
by the motor generator transfer switch. 

26. Message compartments are provided in frames 
B and C behind the operating table. A third 
compartment for stowage of telephone receiv¬ 
ers or message forms is provided in frame A. 

27. Transmitter “Seals” for ET-8023, ET- 
8024-A and ET-8025 are furnished. 

13-2a. External Units for Model 4U —A type 
RM-10 artificial antenna unit is furnished with 
each model 4U for testing the ET-8025 emergency 
transmitter as required by F.C.C. Rules. This 
unit is normally stowed in the radio room and is 
provided with test leads and clips for conveniently 
connecting it to the antenna circuit of the emergency 
transmitter. 

The following storage batteries are furnished for 
installation in the battery room. 
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One 12-volt storage battery, type HS-17, for 
ET-802S emergency transmitter, AR-^6S1 
alarm signal keyer and emergency lights. This 
battery comprises two 6-volt units connected 
in series, 17 plates, capacity 44 amps for six 
hours, full charge gravity 1.285. 

Two 6-volt storage batteries for AR-8S10 re¬ 
ceiver, type 3~DLTL-9, 9 plates, capacity 2 
amps for 35 hours, full charge gravity 1.220. 

One 6-volt storage battery fpr AR-8601 auto 
alarm, type 3-DLTL-9, 9 plates, capacity 2 
amp for 35 hours, full charge gravity 1.220. 

A type RM-25 auto alarm bell and warning light 
unit is furnished for installation on the bridge. 

A type RM-26 auto alarm bell unit is furnished 
for installation in the radio operator’s quarters. 

A type RM-22 time signal jack box is furnished 
for installation in the chart room. 

In frame C, the transmitter selector switch pro¬ 
vides a “Direction Finder Position,” and a direction 
finder signal light is mounted on the 12-volt battery 
control and charging panel in frame C. These fa¬ 
cilities enable the user of the direction finder to 
signal the radio operator, the latter then placing the 
transmitter selector switch in the direction finder 
position which closes the interlock circuit, applying 
power to the direction finder. Under these condi¬ 
tions the auxiliary receiving antenna is automati¬ 


cally connected to the AR-8510 receiver or the type 
D crystal receiver. A 5-conductor L and A cable 
is required between the direction finder and the 
model 4U radio unit for the necessary interlock and 
direction finder battery charging circuits. 

13-2b. 4U Power Supply—The basic power 
supply for the model 4U is 115 volts d.c. The total 
power consumption from this source, with all bat¬ 
teries on charge and with the key locked on the 
main transmitter, is approximately 3.6 kw. How¬ 
ever, under normal operating conditions with the 
main transmitter being keyed and the 12-volt emer¬ 
gency battery on trickle charge, the 115-volt d-c 
power consumption is about 2.3 kw. Under condi¬ 
tions where the shipboard emergency 115-volt d-c 
supply would be used, the batteries ordinarily would 
not be on charge, which still further reduces the 
power consumption so that approximately 1.75 kw 
are required. 

A supply of 115-volt, single-phase, 60-cycle power 
is also required. This supply is used to operate the 
type RM-23 rectifier unit for the AR-8S10 receiver, 
requiring approximately 35 watts. For vessels 
where the 115-volt a-c source is not available to 
supply the type RM-23 rectifier, the AR-8510 re¬ 
ceiver is then operated from its 90-volt B batteries 
for plate supply. 

The utilization of the various sources of power 
for the model 4U may be summarized as follows: 



Fic. 13—12. The RMCA model 4-U marine radio unit showing interior view of equipment. 
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115-volt d.c,: This source operates the main motor 
generator used with the ET-8023 or ET-8024-A 
transmitter, the AR~8S06-B receiver, all battery 
charging including the direction finder battery, the 
AR-8601 auto alarm and the 115-volt console light. 

115-volt a.c.: This source operates the type 
RM-23 rectifier unit. 

12- volt storage battery: This battery operates the 
ET-8025 emergency transmitter, the emergency 
light and the AR-8651 alarm signal keyer. 

6-z'oli receiver storage batteries (2): These bat¬ 
teries operate the filament (heater) circuit of the 
AR-8510 receiver. 

6-volt auto alarm storage battery: This battery 
operates the bells, lights, relays, etc., in the AR- 
8601 auto alarm. 

13- 2c. 4U Operation Instructions —Reference 
should be made to the detailed operating instruc¬ 
tions, further in this chapter for the auto alarm, 
radio transmitters and radio receivers. The instruc¬ 
tions given immediately below are a condensed sum¬ 
mary to enable radio personnel to understand the 
general over-all operation of the model 4U. 

The functions of the switches which select the 
antennas and which connect these antennas to the 
transmitters, receivers and auto alarm should be 
clearly understood. These switches are the auto 

ALARM MASTER SWITCH aild TRANSMITTER SELECTOR 
SWITCH. 

The AUTO ALARM MA.STER SWITCH, located 111 the 
top of frame A, is a three-position switch. 

I'osition 1 turns on the AR-8601 auto alarm and 
connects it to the main antenna. 

Position 2 disconnects the auto alarm, takes the 
auto alarm battery off charge, and connects the 
emergency antenna to the transmitter selector 

SWITCH. 

Position 3 disconnects the auto alarm, places the 
auto alarm 6-volt battery on charge, and connects 
the main antenna to the transmitter selector 
SWITCH. 

In other words, positions 2 and 3 are transmitting 
positions, with position 3 normally in use when the 
radio operator is on duty. It should be noted, 
therefore, that positions 2 and 3 permit quick selec¬ 
tion of either the emergency or the main antenna. 

The transmitter selector switch is a five- 
position unit, located in the upper section of 
frame C. 

Position 1 connects the ET-^023 high-frequency 
transmitter to the emergency or main antenna (de¬ 
pending upon whether the auto alarm master 
SWITCH is in position 2 or 3). 

Position 2 connects the emergency or main an¬ 
tenna to the ET-8024-A main transmitter. Also 
in position 2 the antenna is connected, through the 
break-in relay in the ET-8024--A transmitter, to 
the AR-8510 receiver. 

Position 3 connects the emergency or main an¬ 
tenna to the ET-8025 emergency transmitter and 


also keeps the AR-8510 receiver connected to the 
antenna through the break-in relay in the ET-802S 
transmitter. 

Position 4 grounds the emergency or main an¬ 
tenna depending on position 2 or 3 of the auto 
alarm master switch. Normally the main an¬ 
tenna should be grounded during severe lightning 
storms. 

Position 5 is the direction finder position. In this 
position the emergency and main antennas are 
open-circuited to avoid impairment of the direction 
finder calibration. Also in this position the auxili¬ 
ary receiving antenna is automatically connected to 
the AR--8510 receiver. In addition, position 5 
closes the direction finder interlock circuit to enable 
power to he applied to the direction finder from the 
whcelhouse. Position 5 will normally be used when 
the radio operator is off duty so as to permit the 
wheelhousc to use the direction finder, or when 
the operator is on duty and the wheelhouse calls 
for the direction finder by means of the D.F. signal 
light in frame C below the E1'-8025 transmitter. 

Reference should he made to the Switching Chart, 
located on frames A and C, for a summary of the 
correct positions of the auto alarm master switch 
and transmitter selector switch. 

A motor generator transfer switch is located 
in frame D to the left of the high-fre(iuency re¬ 
ceiver. 'I'his switch transfers the circuits of the 
main motor generator unit so that this machine may 
supply power to the ET-8024-A main transmitter 
(right-hand position) or to the ET-8023 high- 
frequency transmitter (left-hand position). This 
switch should not be operated when the motor gen¬ 
erator is running, as the machine should be started 
or stopped by means of the start-stop switch on 
the respective transmitters. The ET-8025 emer¬ 
gency transmitter has its own 12-volt battery- 
operated motor generator and is, therefore, inde¬ 
pendent of the main motor generator and the motor 

GENERATOR TRANSFER SWITCH. 

There are three telegraph keys. Two of these 
keys, located under the motor generator transfer 
SWITCH and the AR-8510 receiver, are connected 
in parallel so that either may be used with the ET- 
8023 or ET-8024-A transmitters. These keys arc 
automatically switched to the desired transmitter 
by means of the motor generator transfer switch. 
The third key, located below the ET-8025 emer¬ 
gency transmitter is used to operate that set and is 
independent of the other two keys. 

Transmitter seals are provided for the start- 
stop switches on each of the three transmitters. 
SEALS are to be broken only when authorized, and 
the hinged plate then opened, permitting closure of 
the start-stop switches. 

A receiver power switch, located to the right of 
the AR-8510 receiver, is provided to control the 
input to that receiver. Normally the on-off bat¬ 
tery toggle switch on the front panel of the rc- 
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ceiver itself should be left on. The three position 
RECEIVER POWER SWITCH should then be used to turn 
the receiver off, or to connect it to the 90-volt recti¬ 
fier unit (RM-23), or to the 90-volt B battery. On 
vessels where the RM-23 is not furnished, a second 
90-volt B battery (two 45-volt units) may be in¬ 
stalled, if desired, and connected to the plus 90- and 
minus 90-volt leads which normally run to the 
rectifier unit. If this is done, the use of the two 
sets of 90-volt B batteries may be alternated to 
secure maximum life. In all cases, the receiver 
should be turned off with the three-position power 
SWITCH, as this will automatically disconnect the A 
battery supply and the input to the RM-23 rectifier 
when the latter is used. 

The high-frequency radio receiver (AR-8S06-B 
or SLR-F) uses its own doublet receiving antenna 
which is connected at all times to the receiver. 

This permits the high-frequency receiver to be 
used independently of all other antennas and without 
regard to the positions of the auto alarm master 
SWITCH or the transmitter selector switch. 

The MAIN line safety switch in the lower sec¬ 
tion of frame C should be kept closed at all times 
to apply the shipboard llS-volt d-c power supply 
for operation of the transmitters, auto alarm, bat¬ 
tery charging, etc. Always open this switch when 
making repairs or replacing fuses in the equipment. 

To test the ET-802S emergency transmitter with 
the RM-10 artificial antenna unit, connect the red 
lead from the RM-10 to the stud on the forward 
insulator above the transmitier selector switch. 
Connect the black lead from the RM-10 to the 
ground stud provided. Place the transmitter se¬ 
lector SWITCH in position 4 (antenna grounded). 
Be sure to disconnect and remove the RM-10 after 
testing. 

To pass a time signal to the bridge, withdraw the 
plug in the top of the type D crystal receiver and 
connect this plug to one of the phone jacks on the 
AR-8S10 or the high-frequency receiver, as required. 

To use the 12-volt emergency light, place charge- 
discharge SWITCH under ET-8025 transmitter in 
the discharge position. Then close 12-volt emer¬ 
gency LIGHT switch located to the left of the AR- 
8510 receiver. 

To charge or discharge the 12-volt emergency 
transmitter battery, the two 6-volt receiver A bat¬ 
teries, and the auto alarm 6-volt battery, refer to the 
detailed instructions covered in this chapter. 

Adjustable retaining strips are provided in the 
typewriter well to prevent movement of the type¬ 
writer. These retaining strips should be moved 
forward or backward to properly conform to the 
base of the typewriter and then tightened in place 
with the screws provided. The typewriter well 
should not be inverted after typewriter has been 
installed. 


A brief summary of “Operating Conditions” for 
the various transmitters, receivers, etc. is listed on 
the following pages. 

lS-2d. Condensed Operating Instructions 

1. Condition 1. To place main transmitter, ET- 
8024-A on air. 

(a) AUTO ALARM MASTER SWITCH I Position 2 
(emergency antenna) or position 3 (main 
antenna). 

(b) MOTOR generator TRANSFER SWITCH : Right- 
hand position (ET-8024-A). 

(c) TRANSMITTER SELECTOR SWITCH I Position 2 

(ET-8024-A). 

(d) Start motor generator. Select frequency 
and emission, set filament voltage to 10, plate 
voltage to 1400, close key and resonate 
antenna. 

2. Condition 2. To place emergency transmitter, 
ET-8025, on air. 

(a) AUTO ALARM MASTER SWITCH! Position 2 
(emergency antenna) or position 3 (main 
antenna). 

(b) TRANSMITTER SELECTOR SWITCH ! Position 3 

(ET-8025). 

(c) CHARGE-DISCHARGE SWITCH! 12-Volt battCTy 
on DISCHARGE position. 

(d) 12 -volt EMERGENCY LIGHT SWITCH! ON 
position. 

(e) EMERGENCY MOTOR GENERATOR STOP-STARl 
SWITCH: START position. 

(f) Select frequency, set filament voltage to 10, 
close key and resonate antenna. 

3. Condition 2. To place high-frequency trans¬ 
mitter, ET~8023, on air. 

(a) AUTO ALARM MASTER SWITCH ! Position 2 
(emergency antenna) or position 3 (main 
antenna). 

(b) MOTOR GENERATOR TRANSFER SWITCH! Left- 

hand position (ET-8023). 

(c) TRANSMITTER SELECTOR SWITCH! Position 1 

(ET-8023). 

(d) Start motor generator, select emission, set 
filament voltage to 10, plate voltage to 1400. 
Refer to tuning chart on panel, set all con¬ 
trols and close tuning key to check loading 
into antenna. 

4. Condition 4. Main receiver, AR-85tO, in 
operation. 

(a) AUTO ALARM MASTER SWITCH! Position 2 
(emergency antenna) or position 3 (main 
antenna). 

(b) TRANSMITTER SELECTOR SWITCH! Position 2 
or 3 (depending whether ET-8024-A. or 
ET-8025 transmitter is selected) or position 
5 (D.F. position) which connects auxiliary 
antenna to AR-8M0 receiver when direction 
finder is in use. 




alaum receiver to iisv.a.c. 

BATTERY BATTERIES POWER 



ANTENNA SELECTOR _ _ I TRANSMITTER SELECTOR 

SWITCH ---- SWITCH 
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(c) 6-volt receiver battery discharge-charge 
SWITCHES : Either one on discharge. 

(d) AR-8510 receiver power switch : rectifier 
position (if a-c supply is on) otherwise place 
in “b’' battery position. 

(e) battery switch (on receiver panel): on 
position. 

(f) antenna switch (on receiver panel): 
main position. 

(^) Adjust band switch, r-f gain and regenera¬ 
tion, and tune signal. 

5. Condition 5. AR-8506-B receiver in operation, 

(a) Turn r-f gain control clockwise, thus apply¬ 
ing power to receiver. Adjust band switch, 
a-f gain, A VC, BFO, and tune in desired 
signal. This receiver has its own doublet 
antenna and may be operated without regard 
to other switching on model 4U. 

6 . Condition 6. To transmit auto alarm signal. 

(a) Adjust main (ET-8024-A) transmitter to 

500 kc if ship’s power is available. Other¬ 
wise adjust emergency (ET-8025) trans¬ 
mitter to 500 kc. 

(h) He sure 12-volt battery is on discharge, using 
charge-discharge switch on ET--8025 
panel. 

(c) Tu^n on AR'-8651 alarm signal keyer and 
let it key transmitter for about 90 seconds. 
Turn keyer off, listen on receiver and repeat 
keyer operation if necessary. Follow in- 
.struction card on AR~8651. 

7. Condition 7. To place auto alarm on zvatch. 

(a) Place auto alarm master switch in posi¬ 
tion 1. 

(b) Follow instruction card on auto alarm. 

8 . Condition 8. Miscellaneous operation. 

(a) Keep both 6-volt receiver batteries and the 
12-volt emergency battery properly charged. 
Charge auto alarm 6-volt battery by placing 
master switch in position 3. To avoid 
overcharge of alarm battery, place master 
SWITCH in position 2 which also permits 
AR-‘8510 receiver to be connected, through 
transmitter, to emergency antenna. 

(b) When bridge requires direction finder, place 
transmitter selector switch in position 5. 
AR-8510 receiver is then connected to auxili¬ 
ary antenna. 

(c) To ground antenna, place alarm master 
SWITCH in position 2 or 3, and transmitter 
selector switch in position 4. 

(d) To use emergency crystal receiver, place 
AR-8510 antenna switch to emergency, 
and AUTO alarm master switch in position 
2 or 3. 

13-2e. RMCA Model ET^023 High-frequency 
Radiotelegraph (Component of Model 4U Radio 


Unit)—The ET-8023 transmitter is designed to 
cover, by means of front panel adjustments, a con¬ 
tinuous frequency range of 2000 to 24,000 kc (2-24 
me). This frequency range more than covers the 
requirements of the U. S. Maritime Commission of 
2000 to 18,100 kc, without gaps, so as to provide 
an integrated service between the Merchant Fleet 
and the U. S. Navy. 

The complete frequency range of 2000 to 24,(X)0 
kc is divided into nine bands as listed below. 
Suitable overlap is provided so that the lowest and 
highest frequencies listed in each band may also be 
obtained in the adjacent band. 


Band Output Frequency 

1 . 2000- 2670 

2 . 2670- 3560 

3 . 3560- 4750 

4 . 4750- 6340 

5 . 6340- 8440 

6 . 8440-11,270 

7 . 11,270-15,000 

8 . 15,000-20,000 

9 . 20,000-24,000 


In the ET-8023 transmitter, the oscillator circuit 
is designed to cover the frequency band of 1500 to 
3000 kc. The fundamental, second, third, fourth, 
sixth, or eighth harmonic of the oscillator frequency 
is used to obtain the final output frequency. This 
circuit arrangement permits maximum economy in 
the number of crystals required for several output 
frequencies as described further under ‘‘Frequency 
Control.” 

1. Antenna Power, The transmitter is designed 
to deliver to a suitable antenna the power listed 
below: 


Frequency Range (kr) 

Emission 

Power (watts) 

2000-17,000. 

. A-2 

225 

2000-17,000. 

. ... A-1 

180 

17,000-18,100. 

.. A-2 

200 

17,000-18,100. 

A-1 

160 

18,100-24,000. 

. A-2 

180 

18,100-24,000. 

.A-1 

150 


2. Type of Antenna. The ET-8023 transmitter 
is designed to operate into the normal main antenna 
used aboard ship for intermediate frequencies. In 
other words, no special short-wave antenna is re¬ 
quired. On vessels which are fitted with a separate 
emergency transmitting antenna with conventional 
antenna switching means for such antenna, the ET- 
8023 transmitter may also be operated into that 
antenna. 

3. Type of Emission, The transmitter ig de¬ 
signed to provide A1 (continuous wave) and A2 
(modulated wave) emission. For A2 emission the 
modulation frequency is approximately 500 cycles 
and the modulation percentage not less than 70 per¬ 
cent nor more than 100 percent. 

4. Frequency Control, The transmitter is de¬ 
signed so that it may be operated either as a 
master oscillator type of transmitter or as a crystal- 
controlled transmitter. A frequency tolerance of 
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0.02 percent with crystal control or 0.05 percent with 
master oscillator control is provided. 

Provision is made for a maximum of ten type R1 
quartz crystals. Only four crystals are required to 
provide one calling and one working frequency in 
each of the eight marine bands listed below (in 
kilocycles): 

414(M165 11,020-11,070 

5S10-SS3S 12,360-12,480 

6210-6240 16,500-16,660 

8240-8330 22,025-22,140 

For example, the use of four crystals, 2070, 2080, 
2760 and 2765 kc, will provide the following calling 
and working frequencies. Four such crystals are 
furnished with model 4U Radio Unit. 


Cryntal 


Output Frequencies in Kilocycles 


(kc) 

No. 1 

No. 2 

No. 3 

No. 4 

No. 5 

2070 (c) 

4140 

6210 

8280 

12,420 

16,560 

2080 (w) 

4160 

6240 

8320 

12,480 

16,640 

2760 (c) 

5520 

11,040 

16,560 

22,080 

— 

2765 (w) 

5530 

11,060 

16,590 

22,120 

— 


Note: (c) reprc.sents calling frquency. 

(w) represents working frequency. 

The above list shows how the four crystals will 
provide eight calling and nine working frequencies, 
totaling seventeen frequencies in the eight standard 
marine bands. It will be noted that the calling fre¬ 
quency of 16,560 kc is obtained either with the 2070 
or 2760 crystal. 

5. Vacuum Tubes. The transmitter uses a total 
of five vacuum tubes as follows: 

1—RCA-1624 as crystal or master oscillator 
1—RCA-1624 as first buffer amplifier or frequency 
multiplier 

1— RCA-1624 as second buffer amplifier or fre¬ 
quency multiplier 

2— RCA-813 as power amplifiers 

6. Type of Circuit. The general circuit arrange¬ 
ment is shown in Figure 13-15. The oscillator fre¬ 
quency is controlled by means of a continuously 
variable inductor for the band of 1500 to 3000 kc. 
The oscillator inductor is provided with a veeder- 
root counter and a 6%-inch diameter vernier scale 
so that a high degree of reset accuracy may be 
obtained. A panel control switch in the oscillator 
circuit permits selection of any one of the crystals, 
or instant change to master oscillator operation. 

A ganged nine-position frequency switch is used 
to select simultaneously the appropriate values of 
inductance in the first buffer, second buffer, and 
power amplifier tank circuit. The variable tuning 
condensers in the first and second buffers are also 
ganged to quick and convenient adjustment. A 


separate variable tuning condenser is provided for 
resonating the power amplifier tank circuit. 

Coupling between the power amplifier tank and 
antenna circuits is obtained by means of panel con¬ 
trols which may be adjusted to insert various values 
of inductance or capacitance, or both, so that the 
power amplifier tubes may be loaded into shipboard 
antennas whose characteristic impedance varies over 
wide limits between 2000 and 24,000 kc. 

For keying the transmitter, a quick-acting keying 
relay is employed which is arranged to key all stages 
in the transmitter. For A-2 emission, a suitable 
modulation transformer is built into the transmitter 
for modulating the power amplifier plate circuit. 
The primary of the modulation transformer obtains 
its input from a 500-cycle generator, the latter being 
a part of the main motor generator, as explained 
further in this chapter. 

7. Power Supply. For shipboard installations 
where the ship's power supply is 115 volts d.c. and 
where the ET-8023 transmitter is installed in con¬ 
junction with a model 3U or model 4U radio unit, 
no additional motor generator is required. An M.G. 
transfer switch in frame D, which includes the 
model ET-8023, is used to transfer the motor gen¬ 
erator circuits either to the ET-8023 transmitter or 
ET-8024-A intermediate-frequency transmitter. 

Attention is invited to the fact that the ET-8023 
transmitter assembly provides for complete control 
of the motor generator unit already available with 
the ET-8024-A transmitter. In other words, the 
ET-8023 panel provides for adjustment of filament 
and plate voltage from the motor generator, as well 
as adjustment of the power output by means of the 
plate voltage control. Filament and plate volt¬ 
meters are provided on the ET-8023 panel, as well 
as plate current and P.A. grid meters. 

8. The Crystal Szvitch. The crystal switch has 
eleven positions. The first ten positions are used to 
select the appropriate crystal. The eleventh posi¬ 
tion is to provide master oscillator operation. Nor¬ 
mally the ET-8023 transmitter is furnished with 
four crystals, 2070, 2080, 2760 and 2765 kc. These 
four crystals are to be placed in crystal jacks 1, 2, 

3 and 4 respectively, which will connect the 2070-kc 
crystal to position 1 and the 2765 crystal to position 

4 on the crystal switch. Switch positions 5 and 
10 inclusive will not normally be used unless addi¬ 
tional crystals are added in the future. 

The oscillator tuning control actuates a rotating 
coil having 29 turns. A veeder-root counter marked 
“A” is driven from the rotating coil shaft. This 
counter reads 000 for the lowest oscillator frequency 
and 280 for the highest oscillator frequency. The 
first two digits on the counter indicate complete 
turns. The third or right hand digit indicates 
“tenths” of a turn. A 0-360 division dial marked 
“B” is connected directly to the rotating shaft of 
the oscillator coil. Therefore, the oscillator cali- 
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Fig. 13~16. In illustrations (a) and (b) dial B is at zero. Counter A may be recorded and used either at 179 or 180. 
In illustrations (c) and (d) dial B is at 75. Counter A may be recorded and used either at 171 or 172. 


bration for any frequency is recorded by means of 
counter “A” and dial “B."’ 

Movement of dial “B” every 36 divisions (one 
tenth of a coil turn) causes counter “A” to change 
by one digit. Inherent backlash in the counter gears 
will allow a small variation in the second and third 
digit. However, this will not result in any error 
in the oscillator calibration because dial “B” accu¬ 
rately determines fractional positions of the rotating 
coil. To understand this the examples shown in 
Figure 13-16 should be noted. 

For the seventeen output frequencies provided by 
the four standard crystals, refer to the calibration 


table below. A duplicate of this table is mounted 
on the transmitter panel, and the last five columns 
(P.A. Tuning, Coupling, etc.) are to be filled in by 
the installation personnel who will determine the 
appropriate settings at the time of installation. 
Instructions for determining the correct settings for 
the last five columns of the table are given further 
in this chapter. 

The tuning key located below the oscillator con¬ 
trol should always be used to key the transmitter 
when making adjustments. This will prevent over¬ 
load on the tubes during periods when the P.A. 
Tuning, Coupling, etc., may be out of adjustment. 



5 
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To place the ET-8023 transmitter on the air, pro¬ 
ceed as follows: 

(a) Place auto alarm master switch in posi¬ 
tion 3 if main antenna is to be used, or posi¬ 
tion 2 if emergency antenna is to be used. 

(b) Place transmitter selector switch in posi¬ 
tion 1. 

(c) Place motor generator transfer switch in 
ET~8023 position (left hand position). 

(d) Start motor generator and adjust filament 
voltage to 10 and plate voltage to 1400. 

(e) Place emission switch in A1 position (con¬ 
tinuous waves). 

(f) Determine output frequency desired and set 
the band switch, crystal switch, oscil¬ 
lator tuning *'A” and and buffer 
tuning, from the calibration card. 

(g) Now press tuning key and readjust buffer 
TUNING slightly until the P.A. grid current 
meter reads maximum. The correct setting 
for the BUFFER tuning should be reasonably 
close to the value shown on Tuning Table. 

(h) Now set P.A. TUNING, coupling, antenna 
SWITCH, antenna CAPACITOR and ANTENNA 
inductor from the Tuning Table. Then 
slightly readjust p.a. tuning for minimum 
current as read on the p.a. cathode current 
meter. The P.A. grid current will increase 
when p.a. tuning is adjusted for minimum 
cathode current. The calibrated settings of 
the ANTENNA INDUCTOR is indicated by a 
veeder-root counter to the left of the an¬ 
tenna INDUCTOR control. 

(i) The normal telegraph key should then be 
closed, which will cause the transmitter to 
draw its normal full load and which will 
give a minimum P.A. cathode current be¬ 
tween approximately %o to Vlo amp. 

(j) After the transmitter has been correctly ad¬ 
justed as outlined above for A1 emission 
(continuous wave), the emission switch 
may be thrown to the A2 position if trans¬ 
mission is desired using modulated wave 
output. 

9. ET-8023 Output Circuit. Figure 13-18 shows 
the three antenna circuit combinations which can be 


selected with the antenna switch on the front 
panel of the ET--8023 transmitter. 

The ANTENNA SWITCH position to be used will be 
determined by the antenna and the frequency. 
However it is suggested that the transmitter be 
calibrated for the lowest antenna switch position 
that will permit the transmiter to load into the 
antenna. 

Figure 13-18a shows the antenna capacitor and 
the antenna inductor disconnected from the antenna 
circuit. The slider and both ends of the antenna 
inductor are grounded to prevent the antenna in¬ 
ductor from resonating with stray capacitances at 
the higher frequencies. The antenna switch in 
position 1 places the coupling capacitor in series 
with the antenna. 

To load transmitter with antenna switch in 
position 1: 

(a) Set COUPLING at 25 (half scale). 

(b) Set antenna inductor at 222. 

(c) Adjust P.A. TUNING for minimum cathode 
current. If minimum cathode current is less 
than .3 amp, reset coupling to a higher 
number and readjust p.a. tuning for mini¬ 
mum cathode current. Set coupling to a 
lower number if minimum cathode current 
is more than .4 amp. 

If the transmitter will not load properly with any 
setting of the coupling, it will be necessary to try 
position 2 of the antenna switch. 

Figure 13-18b shows the antenna connected to 
the slider on the antenna inductor. The counter 
DIAL geared to the antenna inductor reads 000 to 
444. When this dial reads 000, the slider is at the 
end of the inductor which connects to the coupling 
capacitor. 

To load transmitter with antenna switch in 
position 2: 

(a) Set COUPLING at 25 (half .scale). 

(b) Set ANTENNA INDUCTOR at 000. 

(c) Adjust P.A. TUNING for minimum cathode 
current. If minimum cathode current is less 
than .3 amp or more than .4 amp, reset 
antenna INDUCTOR to 010 or 020 and re¬ 
adjust P.A. TUNING for minimum cathode 



Fig. 13-18. The three antenna circuit combinations which can be selected with the 
front panel antenna switch of the ET-8023 transmitter. 
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current. Repeat this operation as often as 
necessary, using higher numbers of the an¬ 
tenna INDUCTOR each time to get the de¬ 
sired cathode current. Once the approxi¬ 
mate setting of the antenna inductor is 
obtained, the antenna inductor can be 
calibrated at some whole number and the 
COUPLING CAPACITOR adjusted for the exact 
loading. 

Figure 13-18c shows the antenna capacitor con¬ 
nected in parallel with the whole or part of the an¬ 
tenna inductor, depending on the position of the 
slider. 

To load transmitter with antenna switch in 
position 3: 

(a) Set COUPLING at 25 (half scale). 

(b) Set ANTENNA INDUCTOR at 000. 

(c) Set ANTENNA CAPACITOR at 2S. 

(d) Adjust p.A. TUNING for minimum cathode 
current. If minimum cathode current is less 
than .3 amp, reset the antenna inductor 
to a higher number and readjust p.a. tuning 
for minimum cathode current. Repeat this 
operation as often as necessary, using higher 
numbers on the antenna inductor each 
time. For frequencies near 2 me, it may be 
necessary to set antenna capacitor at 40 
or 50 instead of 25 as shown above. The 
antenna capacitor should be set preferably 
less than 25 for frequencies above 10 me. 
Once the approximate setting of the an¬ 
tenna INDUCTOR is obtained, the antenna 
INDUCTOR can be calibrated at some whole 
number and the coupling capacitor or 
antenna capacitor can be adjusted for the 
exact loading. 

With the antenna switch in position 3, ex¬ 
tremely high voltages can be built up in the reso¬ 
nant circuit formed by the antenna inductor and the 
antenna capacitor. This is especially pronounced 
when the transmitter is not loaded such as could 
happen when the antenna is not connected to the 
transmitter. Damaged insulation may result if 
these voltages were allowed to persist. If there is 
any indication of flash-over in the antenna circuit 
components, it is advisable to try new settings of 
the antenna inductor, antenna capacitor or coupling. 

10. Oscillator Alignment. The following adjust¬ 
ment procedure is made at the factory and should 
not be disturbed unless major repairs or replacements 
are required in any of the oscillator components: 

The oscillator alignment frequency is 3000 kc 
with counter “A” adjusted to 270 and dial to 
5. Crystal switch should be in M. O. position. A 
precision frequency meter adjusted to 3000 kc should 
he used. Then loosen locknut on variable condenser 
C-732 which is located at left side of oscillator 
compartment and adjusted through the opening be¬ 


low the crystal mounting panel. C-732 should then 
be very carefully adjusted, using an insulated screw¬ 
driver, for 3000 kc, without disturbing the setting 
of counter ‘‘A'’ at 270 and dial “B” at S. Condenser 
locknut should then be tightened. 

Use low plate voltage and keep clear of live cir¬ 
cuits when making oscillator adjustment. The 
moving slider of the oscillator rotating coil must 
not be displaced. I'his slider should be against the 
rear stop (29th turn) when counter “A” reads be¬ 
tween 289 and 290. 

13-2f. RMCA Model ET-8024A Main Radio¬ 
telegraph Transmitter (Component of 4U Radio 
Unit) —The model ET-8024-'A radiotelegraph trans¬ 
mitter is designed primarily for shipboard applica¬ 
tions where a modern, medium-power, intermediate- 
frequency main transmitter is required. The com¬ 
plete transmitter is used as an integral component 
of frame B in radiomarine model 4U radio unit. 

1. Rating. The ET-8024~A is designed to deliver 
200 watts or more to a standard 750-micromicro- 
faraci, 4-ohm antenna. A1 (continuous waves) or 
A2 (modulated waves) emission may be quickly 
selected by means of a toggle switch on the front 
panel. For A2 emission, a modulation freciuency 
of approximately 500 cycles is used, and a modula¬ 
tion percentage between 70 and 100 percent is main¬ 
tained. The frequency tolerance for either A1 or 
A2 emission is better than 0.3 percent. 

2. Frequency Range. The ET-8024-A is de¬ 
signed for eight frequencies in the band 350 to 500 
kc. The eight frequencies normally provided are 
355, 375, 400, 410, 425, 454, 468 and 500 kc. 

3. Vacuum Tubes. A total of three vacuum 
tubes are used in the transmitter. The master oscil¬ 
lator uses one 1624 tube. The power amplifier uses 
two 813 tubes, connected in parallel. Both types of 
tubes arc of the quick heating type, thereby per¬ 
mitting the transmitter to be immediately keyed as 
soon as the motor generator comes up to speed, a 
period of approximately five seconds. 

4. Power Supply. The transmitter is designed to 
operate from a shipboard power supply of 115 volts 
d.c., plus or minus 15 volts. This power supply 
operates the transmitter motor generator mounted 
in the base of Frame D.^ The motor generator is 
a compact three-unit two-bearing machine with ball 
bearings. The motor is designed for operation 
from the 115 volt d-c line, and the output of the 
machine is approximately as follows: 

1400 volts, .45 amp d.c. for plate supply 

80 volts, 2.5 amp, 83 cycles, for filament supply 
140 volts, 2 amp, 500 cycles, for A2 modulation 

5. Type of Circuit. The ET-8024-A transmitter 
utilizes a master oscillator-power amplifier circuit, 

1 Motor generator, starter and motor generator transfer 
switch are mounted in frame D of model 4U to dimjjlify 
wiring and to permit ET-8023 high-frequency transmitter 
to be switched to the motor generator. 



564 


RADIO MANUAL 


with plate modulation of the power amplifier tubes 
for A2 emission. The complete circuit arrangement 
is shown in Figure 13-19. 

The 1624 oscillator tube and its associated com¬ 
ponent parts are housed in a separate shielded com¬ 
partment in the lower left section of the frame. 
There are eight oscillator inductors, one for each 
operating frequency, each inductor being provided 
with an adjustable iron core which is locked for the 
desired pretuned frequency. Oscillator screen and 
plate voltages are obtained from appropriate taps on 
a voltage divider connected across the 1400-volt d-c 
generator. The oscillator circuit may be used either 
as a self excited master oscillator or as a crystal 
controlled oscillator. One to eight type R3 crystals 
may be installed at any time by removing the jump¬ 
ers across the studs on the crystal mounting panel 
and then mounting the type R3 crystals on the studs. 

The two 813 power amplifier tubes receive their 
control grid excitation from the tank circuit of the 
1624 oscillator. The plate circuit of the power 
amplifier tubes is provided with a tuned tank, the 
tank inductor being tapped for the eight pre-tuned 
frequencies. An adjustable iron core, in the P.A. 
tank inductor, is also provided for general lineup 
purposes, after which the core is locked in position. 
A modulation transformer is used to plate modulate 
the power amplifier tubes for A2 emission. This 
transformer has its secondary winding connected in 
series with the high-voltage d-c plate circuit of the 
power amplifier tubes, while the primary winding 
is connected to the SOO-cycle alternator on the motor 
generator set. 

The antenna circuit of the transmitter consists 
of a tapped loading coil, with the taps brought out 
to a four-position antenna inductance switch, while 
for close adjustment of antenna tuning, an antenna 
variometer is provided. This flexible arrangement 
permits front panel control of antenna loading for 
any value of inductance from 32 to 380 micro¬ 
henries, and enables the transmitter to be used, in 
an emergency, on a temporary antenna, or the 
emergency transmitting antenna, without any inter¬ 
nal changes in the transmitter. In other words, the 
transmitter may be quickly resonated to the distress 
frequency of 500 kc in the event that a temporary 
emergency antenna has to be erected. 

The antenna circuit is coupled to the power ampli¬ 
fier tank circuit through low reactance capacitors, 
which are common to both circuits, and which func¬ 
tion to efficiently transfer the power amplifier en¬ 
ergy to the antenna circuit, and, at the same time, 
to by-pass the radio frequency harmonics which are 
normally present in any high efficiency Class C 
power amplifier. Since the power amplifier tank 
circuit is tuned at all times to the oscillator fre¬ 
quency, the power amplifier tubes are automatically 
protected against overload or excessive voltages in 
the event that the antenna circuit is detuned, or 
grounded, or opened. 


Break-in operation is provided by means of a 
break-in relay which *‘keys” the transmitter circuits 
and automatically transfers the antenna circuit to 
the radio receiver each time the key is opened. 
The break-in relay is capable of keying speeds up 
to SO words per minute. 

6. Antenna Characteristics, The design of the 
transmitter is such that it will cover the specified 
frequency range on any antenna whose characteris¬ 
tics fall between 600 and 1500 jn^f, and a resistance 
of 2 to 10 ohms. Power rating is based on the 
standard Federal Communications Commission an¬ 
tenna of 750 fifii and 4 ohms. 

7. Panel Controls. To start the transmitter, a 
toggle switch for motor generator start-stop is pro¬ 
vided. When this switch is thrown to the “start"’ 
position, it energizes the automatic motor starter, 
quickly bringing the motor generator up to speed. 

To select A1 or A2 emission, it is simply neces¬ 
sary for the radio operator to throw the A1-A2 
switch to the appropriate position. 

For selection of frequency, there is provided an 
eight position frequency switch, plainly marked in 
kilocycles for each of the eight pre-luned frequen¬ 
cies. This frequency switch simultaneously selects 
the appropriate oscillator tank inductor (also crystal 
when used), and the tap on the power amplifier 
tank inductor. 

For resonating the antenna circuit, the operator 
chooses the appropriate position of the antenna in¬ 
ductance switch, and then resonates the antenna 
variometer for maximum antenna current. 

To regulate the filament voltage on the tubes, 
there is provided a filament rheostat which is 
connected in the primary circuit of the filament 
transformer. 

To adjust the plate voltage and 500-cycle alternator 
voltage, a two-section plate rheostat is provided. 
This rheostat provides a quick and convenient means 
of adjusting the transmitter for normal full power 
operation or, whenever desired, the power may be 
reduced to approximately one-half normal as re¬ 
quired by F.C.C. regulations. 

A pilot light on the transmitter panel is used to 
indicate when the motor generator is running. 

A tuning card and mounting frame on the trans¬ 
mitter panel are furnished so that a suitable record 
may be made of the various controls for the eight 
operating frequencies. 

8. Metering Facilities. Five meters are mounted 
on the lower section of the transmitter front panel. 
The function of each meter and its rating are as 
follows: 

Filament voltmeter.0-15 volts a.c. 

Antenna ammeter.0-15 amp r.f. 

Plate voltmeter.0-2 kilovolts (2000 volts) 

P.A. cathode ammeter. 0-1 amp d.c. 

Line voltmeter.0-150 volts d.c. 
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9. General Operating Instructions. 

(a) Place auto alarm master switch (frame 
A) in position 3 (Transmitting Position) 
(Main Antenna). 

(b) Place transmitter SELECTOR switch (frame 
C) in position 2 (ET-8024~A Main Trans.). 

(c) Place MOTOR generator transfiir switch 
(frame D at left of AR-^506-B receiver) 
in ET-8024-~A position. 

Note: All of above switching may be done at tmie 
operator comes on duty. This makes ET-8024-A 
ready to go on air, connects antenna through trans¬ 
mitter break-in relay to AR-8510 receiver, and also 
places the auto alarm storage battery on charge. 

(d) Start motor generator. (Break seal on 
.stop-start switch when authorized.) 

(e) Adjust filament voltmeter to 10 volts. 

(f) Adjust plate voltmeter to 1400 volts. 

(g) Place frequency switch in position for de¬ 
sired operating frequency. Select A1 or A2 
emission. 

(h) Place antenna inductance switch in position 
1, 2, 3 or 4, as required. Refer to tuning 
chart on front panel. 

(i) Close telegraph key and adjust antenna vari¬ 
ometer for maximum antenna current. The 
transmitter is now ready for normal two way 
communication. 

(j) After communication has been established, it 
is recommended that the antenna power be 
reduced somewhat so as to avoid unnecessary 
interference, as required by F.C.C. rules. 
'J'o reduce power, adjust the plate rheostat 
to lower the voltage from 1400 volts, to say 
1200 volts. For short distance comunica- 
tion, the plate voltage should be reduced still 
further. This procedure not only minimizes 
interference, but also increases the life of the 
tubes and other parts of the equipment. 

(k) Important: In an emergency the main an¬ 
tenna may be disabled, requiring the use of 
the emergency antenna. All of the foregoing 
instructions apply except that the auto alarm 
master switch should be placed in position 2 
to connect the emergency antenna to the 
ET-8024~A. It is good practice to keep the 
ET-8024-A adjusted for S(X) kc, A2 emis¬ 
sion, so that it is quickly available for dis¬ 
tress transmission. 

10. Installation Adjustments, As a general rule, 
it will not be necessary to make any major adjust¬ 
ments inside the transmitter for the average stand¬ 
ard installation. The transmitter is carefully ad¬ 
justed and lined up at the factory for operation on 
the eight standard frequencies, and the antenna 
coupling is already adjusted for a typical antenna. 

Before making any internal adjustments, which 
are outlined in detail below, the installation man 


should operate the set, into the antenna, on each of 
the eight frequencies, and observe the reading on 
the P.A. cathcKle ammeter. For normal operation, 
with filament voltage adjusted to 10 volts and plate 
voltage adjusted to 14(X) volts, the P.A, cathode 
meter should read approximately .4 amp when the 
antenna variometer and antenna inductance switch 
have been adjusted for maximum antenna current. 
If the P.A. catluKle ammeter reads more than ap¬ 
proximately .42 amps, this indicates that the antenna 
coupling should be decreased. If the P.A. cathode 
ammeter reads less than approximately .35 amp, the 
antenna coupling may be increased. 

Warning: The voltages present inside the trans¬ 
mitter, when the motor generator is running, are 
dangerous n) human life, and, therefore, extreme 
caution should be observed at all times not to reach 
inside the transmitter unit unless the motor gener¬ 
ator has been shut down. Make it a rule to always 
shut down the motor generator whenever the trans- 
miiter unit is swung out on its hinges, or when 
inserting tubes, making adjustments, changing 
fuses, etc. 

Refer to Figure 13-19 and the following descrip¬ 
tion for an understanding of the antenna coupling 
arrangement: 

The main antenna coupling condenser C-117, 
which always remains in circuit, is a large .02-/Lif 
unit. The adjustable antenna coupling condensers 
are three in number, C'--122, C-123 and C-124, each 
a .(X)4-jLtf unit. ^J'hcse three condensers may be left 
out of circuit entirely for the highest coupling con¬ 
dition, or they may be connected in various series, 
or parallel arrangements, across the main .02-/if 
condenser, to lower the coupling. 

The following tabulation indicates the six pos¬ 
sible arrangements (A to F) for the three .004-jULf 
condensers. These three condensers are mounted 
near the upper right-hand section of the oscillator 
shielded compartment, and are furnished with suffi¬ 
cient flexible strap connectors to permit any of the 
six combinations listed l)elow to be obtained: 


Condemrr Arrangement 

A—None in use 
B—Three in .scries 
C—Two in series 
D—One in parallel 
E—Two in parallel 
F—Three in parallel 


Terminal ('onnei lions 

Remove all straps 

Strap 2 to 3 and 4 to 5 

Strap 2 to 5 

Strap 2 to 6 

Strap 2 to 6 and 1 to 5 

Strap 1 to 5,1 to 3, 2 to 4 and 2 to 6 


Arrangement A gives highest coupling. Ar¬ 
rangement F gives lowest coupling. Other arrange¬ 
ments give intermediate values of coupling. 

Any large change in antenna coupling condensers, 
as compared to original factory arrangement, will 
require a new setting for the P.A. tank inductor 
iron core. To determine this, the antenna should 
be grounded or disconnected (use transmitter se¬ 
lector switch) and then minimum P.A. cathode 
current should be checked as follows: 
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(a) Ground or open antenna, and adjust plate 
voltage to 1400. 

(b) Operate set at 355 and 500 kc and record 
P.A. cathode current. 

(c) II P.A. cathode current is less than .15 amp, 
no changes arc needed. 

(d) If P.A. current exceeds .15 amp, shut down 
set, unlock P.A. core screw and move screw 
in or out a small amount. 

(e) Operate set again, record P.A. current on 
355 and 500 kc, and repeat operation (d) 
until the best possible minimum value is ob¬ 
tained on both frequencies. 

(f) Shut down set and lock core adjusting screw. 

(g) Operate set and check all eight frequencies 
for minimum cathode current. 

(h) Connect antenna, load out set, and check 
that P.A. cathode current does not exceed 
approximately .42 amp. 

Each of the eight oscillator inductors are care¬ 
fully calibrated at the factory for master oscillator 
operation, using precision crystal standards. Nor¬ 
mally these adjustments should not be disturbed at 
any time. If it is ever required to readjust any of 
the oscillator frequencies, it is important to use an 
accurate frequency meter loosely coupled to the 
antenna circuit. The oscillator core adjusting 
screw should be temporarily unlocked, the core 
moved in or out a little as required, and the antenna 
circuit adjusted to resonance for each frequency to 
be calibrated. For sucli adjustments, it is recom¬ 
mended that the plate voltage be reduced to approxi¬ 
mately 1000 volts. After the oscillator cores have 
been finally adjusted, care should be taken to tighten 
the locknut on each adjusting screw. 

Install type R3 crystals (one to eight) by remov¬ 
ing jumper connections on crystal mounting panel 
in oscillator compartment and connecting the crys¬ 
tals on the mounting studs provided. Mount the 
four crystals nearest the front panel with the name¬ 
plate inverted (frequencies 1~3“5 and 7), and mount 
the other four crystals (frequencies 2-4-6 and 8) 
with the nameplate normal. This maintains the 
upper crystal electrodes and nameplates nearest 
ground potential. Normally the crystal for fre¬ 
quency 1 will be 355 kc and for frequency 8 it will 
be 500 kc, with the remaining crystals in the proper 
order between 2 and 7. If desired, any one or more 
frequencies may be used for master oscillator 
operation by leaving jumpers in place, removing 
jumpers only for frequencies to be crystal controlled. 

Connect a 0-50-ma d-c meter across the meter 
link terminal in oscillator compartment, removing 
the link temporarily. Place frequency switch in 
correct position for oscillator tank iron core to be 
adjusted. Start transmitter and adjust plate volt¬ 
age to about 1000 volts. Close key and slowly ad¬ 
just iron core with screwdriver until 0-50-ma meter 
reads minimum (about 24 ma). Then turn ad¬ 


justing screw about one-half turn counterclockwise 
(core moves out) which will raise meter reading 
about 1 ma. Listen with receiver to beat note and 
key transmitter to check that note is clean and 
stable. When the crystal ‘iocks in” the oscillator, 
a small change in the adjusting screw will not 
change the beat note appreciably. If the screw is 
tuned clockwise too far (core moves in), the crys¬ 
tal will lose control and the circuit will act as a 
master oscillator with rapid change in beat note as 
screw is turned. On the other hand, turning screw 
too far counterclockwise may reduce the oscillator 
drive to the power amplifier. After best stable 
adjustment is obtained, tighten locknut on screw and 
proceed to adjust the oscillator cores for the other 
frequencies to be crystal controlled. Remove 
meter and tighten link when all adjustments are 
completed. 

Check all final adjustments with the transmitter 
loaded out into antenna, with transmitter panel in 
its normal vertical position. 

11. Tuning Card Record. The installation man 
should fill in the tuning card on the transmitter 
panel for each of the eight operating frequencies 
so that the radio operator will have a convenient 
record of the settings for the antenna inductance 
switch and the antenna variometer. Also record 
500-kc adjustments when the emergency transmit¬ 
ting antenna is used. 

12. Maintenance. The commutators and collector 
rings of the motor generator should be kept clean 
at all times. Brushes should slide freely in their 
holders and make good contact with the commu¬ 
tators or collector rings. Commutators which are 
in good condition should be free from excessive 
grooves or scratches and present a smooth light 
brown appearance. If it is necessary to sand com¬ 
mutators or collector rings, use fine sandpaper No. 
00 or finer. Do not use emery cloth, as such 
materials contain metallic particles which will intro¬ 
duce short circuits between commutator bars. Nor¬ 
mally commutators and collector rings may be 
‘‘buffed” with a piece of canvas. 

Warning: When working around the motor gen¬ 
erator, keep clear from the high-voltage (1400 volt) 
circuits. If it is necessary to sand the high voltage 
commutator with the machine running, be sure to 
disconnect the high voltage generator field lead F2. 

The ball bearings of the motor generator should 
be lubricated about every six months. When lubri¬ 
cating ball bearings, extreme care must be taken not 
to overgrease. Bearings which are packed too 
tightly with grease will overheat. Recommended 
procedure is to remove the drain plug at the bottom 
of each bearing, and then insert a small amount of 
grease through the upper grease plug. After 
greasing, the machine should be run for a few 
minutes before replacing drain plugs in order to 
remove any excess grease pressure on the bearings. 
A light sodium base grease is recommended, and a 
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tube of such grease is furnished with each machine. 
Any bearing which gives evidence of overheating 
(probably from dirt in grease) should be removed 
and the bearing washed in gasoline or carbon tetra¬ 
chloride, repacked lightly with grease and then re¬ 
placed. Do not allow grease to accumulate on or 
around brush holders, commutators or collector 
rings. 

The contacts on the automatic motor starter 
should be examined from time to time to determine 
if they are in good condition. A reasonable amount 
of contact wear and tear, due to usage, is to be ex¬ 
pected. If contacts are badly pitted, they may be 
dressed down with a fine clean file or with sand¬ 
paper. Contacts should be wiped clean to free 
them from filings or other harmful material after 
being dressed. 

The time delay mechanism of the automatic motor 
starter is adjusted so that the unit completes its cycle 
in approximately four seconds. Do not tamper wdth 
this adjustment to reduce the starting time. 

The oscillator and power amplifier frequency 
switches (geared together) and the antenna induc¬ 
tance switch should operate freely at all times and 
be kept clean around the contacts and insulation. 
After considerable UvSe, if it is noted that the con¬ 
tacts tend to ^^griiid,” a very small amount of light 
grease or vaseline may be applied. A small amount 
of lubricant applied directly to the contacts will 
provide smooth action, but care must be taken not 
to use excessive amounts as this may result in high 
resistance contacts. Occasionally put two or three 
drops of light oil on the switch shafts where they 
rotate in their bearings. 

The break-in relay must be kept in good adjust¬ 
ment so that it operates with small contact clear¬ 
ance and minimum sparking. When this relay is 
properly adjusted, no sparking should occur between 
the upper right hand pair of contacts (antenna cir¬ 
cuit), and only slight sparking should be observed 
at the upper left pair of contacts (keying circuit). 
Make sure that the lower center contacts, which 
connect the antenna circuit to the receiver, are 
always opened when the relay coil is energized. 

From time to time observe that all tubes are lo¬ 
cated firmly in their sockets, and that the plate con¬ 
nection at the top is properly made. The contacts 
which connect the antenna circuit to the trans¬ 
mitter (upper right-hand frame section) are heavily 
silver plated, and should not be cleaned with abra¬ 
sive material. A slightly darkened surface on these 
contacts is normal, and if cleaning is required, use 
a cloth soaked in carbon tetrachloride or gasoline. 
Keep the frame “ground spring” contacts (at rear) 
clean in a similar manner. 

All interior parts of the transmitter should be 
kept clean and free from dirt, especially wherever 
high potential exists such as on the antenna induc¬ 
tance switch, antenna contacts, etc. 


13. Clock Mounting, The front panel of the 
ET-8024-A provides space for a standard Chelsea 
radio room clock. This clock is ordinarily fur¬ 
nished by the U. S. Maritime Commission. 

14. Fusing, A fuse panel, which is mounted in 
the lower-rear section of frame D above the motor 
generator unit, contains the following fuses: 

F-201—RM-8 line fuse for AR-8506-B receiver, 
1 amp, 250 volt, type 3-AG glass 
F-202—RM-^ line fuse for AR-850^B receiver, 
1 amp, 250 volt, type 3-AG glass 
F-203—high-voltage generator fuse, .75 amp. 3(X) 
volt, Cat. 2113 

F-210—collector ring fuse, std., 3 amp, 250 volt, 
renewable 

F~211—5()0-cycle alternator fuse, std., 3 amp, 250 
volt, renewable 

F-212—11‘^-volt console light fuse, 3 amp, 250 volt, 
renewable 

F-'213—115-volt console light fuse, 3 amp, 250 volt, 
renewable 

The following fuses are in lower section of 
frame B: 

F--208—12-volt emergency light fuse, 3 amp, 250 
volt, renewable 

F-20Q—12 volt emergency light fuse, 3 amp, 250 
volt, renewable 

F-204—battery 1 (6-volt) fuse, 6 amp, 250 volt, 
renewable 

F-205—Battery 1 (6-volt) fuse, 6 amp, 250 volt, 
renewable 

F-206—Battery 2 (6-volt) fuse, 6 amp, 250 volt, 
renewable 

F-207—Battery 2 (6-voll) fuse, 6 amp, 250 volt, 
renewable 

F-214—115-volt a-c line fuse, 3 amp, 250 volt, 
renewable 

F-215—115-volt a-c line fuse, 3 amp, 250 volt, 
renewable 

Important: When replacing renewable fuse links 
in the various standard 250-volt, 2-inch fuse car¬ 
tridges, be sure to use the correct fuse link rating 
as tabulated above. All fuses are plainly marked 
with an identification strip. 

15. Frame B Components. The frame, in which 
the model ET-B024-A is mounted, is known as 
frame B. In addition to the ET-8024-A main 
transmitter, frame B provides for the installation of 
a model AR-8510 main receiver, the 90-volt B bat¬ 
tery for this receiver, and also the receiver battery 
control and charging panel and a type RM-23, 90- 
volt, rectifier unit. A 115-volt d-c convenience 
outlet is also provided in the lower section of 
frame B. 

Reference should be made to instructions for the 
AR-8510 main receiver and its associated circuits. 
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An emergency light is mounted in the top center 
section of frame “B” to provide illumination in the 
event of failure of the normal llS-volt d-c shipboard 
power supply. This emergency light operates from 
the 12-volt emergency storage battery that is fur¬ 
nished with the ET-8025 transmitter. The emer¬ 
gency light is turned on by means of a switch 
marked 12 v. emerg. light which is mounted to the 
left of the AR-8S10 receiver. Since the emergency 
transmitter battery may be on ‘‘charge,” it is neces¬ 
sary to place this battery on “discharge” from the 
ET-802S control panel (frame C). The emergency 
light assembly is a “dual” unit with sockets for two 
21-candlepower 12-volt Mazda No. 1141 bulbs. A 
third “dummy” socket to hold a spare No. 1141 bulb 
is also provided. 

16. Important General Operating Notes, When¬ 
ever the hinged front panel of the ET-8024-A 
transmitter is opened or closed, it should be firmly 
gripped by the handles provided. The weight of 
the transmitter is considerable and it must not be 
permitted to “slam” into the open (horizontal) or 
closed (vertical) positions. Stops on the frame will 
hold the unit when in the fully opened position. 
Always keep the panel upper clamping screws tight 
after closing panel. 

The line voltmeter (0-150 volts) will read at all 
times, when ship’s line voltage is available and when 
main line safety switch (in frame C) is closed. 
If line voltmeter does not read, check 30 amp fuses 
in frame C, and if these are O.K. advise engine 
room, or, in emergency, use ET-8025 transmitter. 

The automatic motor starter is provided with a 
thermal overload cutout. Long continued overload 
will open this cutout. To close, depress the small 
bakelite bar to the left of the starter coil. 

Whenever necessary, such as in an emergency, 
the ET-8024-A transmitter may he used with only 
one 813 power amplifier tube. When this is done, 
the plate voltage should be reduced to approximately 
900 volts so that the single 813 power amplifier tube 
in use will not be overloaded. 

13-2g. RMCA Model ET-8025 Radiotelegraph 
Transmitter (Component of 4U Radio Unit)— 
The model ET-8025 radiotelegraph transmitter is a 
compact, self-contained unit, designed for shipboard 
applications as an emergency intermediate frequency 
transmitter. The complete transmitter is mounted 
in a compact frame, including the emergency motor 
generator, the main line safety switch, fuse panel, 
and control and charging circuits for the external 
12-volt emergency storage battery. 

1. Rating, The ET-8025 is designed to deliver 
40 watts or more to a standard 750-^^f, 4-ohm an¬ 
tenna. A2 (modulated waves) emission is provided 
by means of the 350-cycle output from the emer¬ 
gency motor generator. The full-wave, self-rectified 
circuits in the transmitter automatically provide 
substantially complete modulation, which, in turn, 
permits a pleasing 700-cycle note in the received 


signal. The frequency tolerance is better than 0.3 
percent. 

2. Frequency Range, The ET-8025 is designed 
for five frequencies in the band 350 to 500 kc. The 
five frequencies normally used are 355, 375, 425, 454 
and 500 kc. 

3. Vacuum Tubes, A total of six vacuum tubes 
are used in the transmitter. The master oscillator 
circuit uses two 1624 tubes. The power amplifier 
uses four 1624 tubes. The 1624 tube is a quick¬ 
heating tube, thereby permitting the transmitter to 
be placed on the air as soon as the emergency motor 
generator comes up to speed, a period of approxi¬ 
mately five seconds. 

4. Pmver Supply, The transmitter is designed to 
operate from the emergency 12-volt storage battery. 
No other power source is required. The 12-volt 
storage battery, which has a capacity of 44 amp for 
6 hours, supplies energy to the transmitter filaments, 
break-in relay, and the emergency motor generator. 
The average total drain from the 12-volt storage 
battery, with the transmitter loaded into the antenna, 
key locked, is approximately 35 amp. 

5. 7'ype of Circuit, The ET-8025 transmitter 
utilizes a master oscillator—power amplifier circuit. 
The complete circuit arrangement is shown in Fig¬ 
ure 13-20. 

The two 1624 oscillator tubes and their associated 
component parts are mounted in the forward section 
of the transmitter sub-panel. There are five oscil¬ 
lator tank inductors, one for each operating fre¬ 
quency, each inductor being provided with an ad¬ 
justable iron core which is locked for the desired 
pre-tuned frequency. Oscillator screen and plate 
voltages are obtained from appropriate taps on the 
plate transformer in the unit. 

The four 1624 power amplifier tubes receive their 
control grid excitation from the tank circuit of the 
oscillator. Each pair of power amplifier tubes is 
connected in parallel for the conventional full wave 
self rectified circuit arrangement. The power am¬ 
plifier plate circuit comprises a tank inductor with 
taps for each of the five pre-tuned frequencies. An 
adjustable iron core in the P.A. tank inductor is 
provided for general lineup purposes, and then 
locked in position. 

The antenna circuit of the transmitter consists of 
a tapped loading coil, with the taps brought out to 
a six position antenna inductance switch, while for 
close adjustment of antenna tuning an antenna vari¬ 
ometer is provided. This flexible arrangement per¬ 
mits front panel control of antenna loading for any 
value of inductance from 32 to 380 microhenries, 
and enables the transmitter to be used, in an emer¬ 
gency, on a temporary antenna without any internal 
changes in the transmitter. In other words, the 
transmitter may be quickly resonated to the distress 
frequency of 500 kc, in the event that a temporary 
emergency antenna has to be erected. 
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The antenna circuit is coupled to the power am¬ 
plifier tank circuit through low reactance capacitors 
which are common to both circuits. This arrange¬ 
ment efficiently transfers the power amplifier energy 
to the antenna circuit, by-passes radio-frequency 
harmonics, and automatically protects the power 
amplifier tubes against overload in the event that 
the antenna circuit is detuned, opened or grounded. 

Break-in operation is provided by means of a 
break-in relay which ‘"keys” the primary circuit of 
the plate transformer and automatically transfers 
the antenna circuit to the radio receiver each time 
the key is opened. The break-in relay has a maxi¬ 
mum speed of approximately 40 words per minute. 

6. Antenna Characteristics. The design of the 
transmitter is such that it will cover the specified 
frequency range on any antenna whose characteris¬ 
tics fall between 600 and 1500 and a resistance 
of 2 to 10 ohms. Power rating is based on the 
standard Federal Communications Commission an¬ 
tenna of 750 /Lt/if and 4 ohms. 

7. Panel Controls, To start the transmitter, the 
12-volt battery is placed on “discharge” by throwing 
the 12-volt battery switch to the position marked 
12 V. BAT. ON DISCHARGE. The emergency motor 
generator is then started by means of the switch 
marked emerg. motor generator stop-start. 

For selection of frequency, the transmitter panel 
is provided with a five position frequency switch. 
This switch simultaneously selects the appropriate 
oscillator tank inductor and the tap on the power 
amplifier tank inductor. 

For resonating the antenna circuit, the operator 
chooses the appropriate position of the antenna in¬ 
ductance switch, and then resonates the antenna 
variometer for maximum antenna current. 

To regulate the filament voltage on the tubes, 
there is provided a filament rheostat and filament 
voltmeter. 

To connect the main antenna to the emergency 
transmitter, the antenna transfer switch in the upper 
section of the frame is placed in the emergency 
position. 

A red pilot light on the battery control panel indi¬ 
cates when the emergency motor generator is 
running. 

An amber pilot light on the battery control panel 
marked d. f. signal light is provided to indicate 
when the bridge wishes to use the direction finder. 

A switch on the battery control panel marked 
charging rate permits the 12-volt storage battery 
to be placed on full charge (approx. 9 amp) or on 
trickle charge (approx. 1.5 amp). 

A switch on the battery control panel marked 12 
V. bat. charging circuit permits the llS-volt d-c 
line to be disconnected from the charging circuit 
when it is not desired to charge the battery. 

The antenna transfer switch in the top sec¬ 
tion of frame C is a five-position switch marked: 
(1) ET-8023 HIGH FREQ. TRANS. (2) ET-8024-A 


MAIN TRANS. (3) ET-802S EMERG. TRANS. (4) 
ANTENNA GROUNDED, (5) D. F. POSITION. 

A tuning card and mounting frame on the trans¬ 
mitter panel are furnished so that a suitable record 
may be made of the various controls for the five 
operating frequencies. 

8. Metering Facilities, Three rectangular case 
meters are mounted on the lower section of the 
transmitter front panel. A round case meter is 
mounted in the center section of the front panel. 
The function of each meter and its rating are as 
follows: 


Charging ammeter (12 volt bat.). 0-20amp d.c. 

Filament voltmeter.... .^ 0-15 volts d.c. 

Antenna ammeter. . 0-5 amp r.f. 

Cathode ammeter. . 0-250 ma d.c. 


9. General Operating Jnstructions. 

(a) Place auto alarm master switch in posi¬ 
tion 2 (Emergency Antenna) or position 3 
(Main Antenna). 

(b) Place transmitter selector switch in posi¬ 
tion 3 (ET-8()25). 

(c) Place charge-discharge switch in position 
marked 12 v. bat. on dischg. 

(d) Start emergency motor generator by placing 
its START-STOP SWITCH in the start position. 

(e) Adjust filament voltmeter to 10 volts. 

(f) Place ANTENNA INDUCTANCE SWITCH in 
position for frequency desired, as recorded 
on tuning table. 

(g) Close key and adjust antenna variometer for 
maximum antenna current. Resonance is 
also shown by maximum cathode current. 

(h) To economize on battery drain, shut down 
emergency motor generator whenever receiv¬ 
ing for appreciable periods of time. 

(i) To illuminate emergency lights (top of 
frame B), turn on switch marked 12-v. 
EMERG. light, which is located to the left 
of the AR-8510 receiver in frame B. These 
lights are automatically disconnected when¬ 
ever the 12-volt battery charge-discharge 
switch on frame C is in the charge position. 
An auxiliary 12-volt emergency light is lo¬ 
cated in the lower section of frame C, with 
its own on-off switch. This light should 
normally be kept off, and only used when 
working around the lower section of the 
frame, to inspect fuses or other components. 

10. Installation Adjustments, As a general rule, 
it will not be necessary to make any major adjust¬ 
ments inside the transmitter for the average stand¬ 
ard installation, because it has been carefully ad¬ 
justed and lined up at the factory for operation on 
the five standard frequencies into a 4-ohm antenna. 

Before making any of the internal adjustments, 
which are outlined in detail below, the installation 
man should operate the set, into the antenna, on each 
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frequency, and observe the reading of the cathode 
ammeter. For normal operation, with filament volt¬ 
age adjusted to 10 volts, and with the antenna in 
resonance, the cathode meter should read approxi¬ 
mately 175 ma. The antenna coupling condensers 
should be readjusted if the cathode ammeter reads 
more than approximately 200 ma or less than ap¬ 
proximately 150 ma. 

Warning: The voltages present inside the trans¬ 
mitter, when the motor generator is running, are 
dangerous to human life, and, therefore, extreme 
caution should be observed at all times not to reach 
inside the transmitter unit unless the motor gener¬ 
ator has been shut down. Make it a rule to always 
shut down the^motor generator whenever the trans¬ 
mitter unit is swung out on its hinges, or when 
inserting tubes, making adjustments, changing 
fuses, etc. 

Refer to Figure 13-20 and the following descrip¬ 
tion for an understanding of the antenna coupling 
arrangement: 

The main antenna coupling condensers, which al¬ 
ways remain in circuit, are two .01-^f units con¬ 
nected in parallel. The adjustable coupling con¬ 
densers are three in number, each a .004-/if unit. 
These three condensers may be left out of circuit 
entirely for the highest coupling condition or they 
may be connected in various series or parallel ar¬ 
rangements, to lower coupling. 

The following tabulation indicates the six possible 
arrangements (A to F) for the three .004-;xf con¬ 
densers. These three condensers are mounted below 
the antenna variometer, toward the rear, and are 
furnished with sufficient flexible strap connectors to 
permit any of the six combinations listed below to 
be obtained: 

Condenser Arrangement Terminal Connections 

A—None in use Remove all straps 

B—Three in series Strap 2 to 3 and 4 to 5 

C—Two in series Strap 2 to 5 

D—One in parallel Strap 2 to 6 

E—Two in parallel Strap 2 to 6 and 1 to 5 

F —^Three in parallel Strap 1 to 5,1 to 3, 2 to 4 and 2 to 6 

Arrangement A gives highest coupling. Ar¬ 
rangement F gives lowest coupling. Other ar¬ 
rangements give intermediate values of coupling. 

Any large change in antenna coupling capacitors, 
as compared to original factory arrangement, will 
require a new setting for the P.A. tank inductor 
iron core. To determine this, ground or disconnect 
the antenna with antenna transfer switch and then 
check minimum cathode current as follows: 

(a) Ground or open antenna. 

(b) Operate set on 355 and 500 kc, and record 
cathode current. 

(c) If cathode current is less than 100 ma, no 
changes are required. 

(d) To lower cathode current, shut down set, un¬ 
lock P.A. core screw and move screw in or 
out a small amount. 


(e) Operate set again, recording cathode current 
on 355 and 500 kc, and repeat operation 4 
until best possible minimum value is obtained 
on both frequencies. 

(f) Shut down set and lock core adjusting screw. 

(g) Operate set and check all five frequencies 
for minimum cathode current. 

(h) Connect antenna, load out set and check that 
cathode current does not exceed approxi¬ 
mately 200 ma. 

Each of the five oscillator inductors are carefully 
calibrated with crystal standards at the factory for 
the standard operating frequencies. Normally, 
these adjustments should not be disturbed. If re¬ 
calibration is required, use an accurate frequency 
meter loosely coupled to the antenna circuit (not to 
oscillator), move the core in or out as required, 
and then lock each core. Keep antenna circuit in 
resonance when measuring frequency. All final 
frequency measurements should be made with trans¬ 
mitter panel in its normal vertical position. 

11. Tuning Card Record, The installation man 
should fill in the tuning card on the transmitter 
panel for each of the five operating frequencies so 
that the radio operator will have a convenient record 
of the settings for the antenna inductance switch 
and the antenna variometer. 

12. Maintenance. The oscillator and power am¬ 
plifier frequency switches (geared together) and the 
antenna inductance switch should operate freely at 
all times and be kept clean around the contacts and 
insukition. After considerable use, if it is noted 
that the contacts tend to “grind,” a very small 
amount of light grease or vaseline may be applied. 
A small amount of lubricant applied directly to the 
contacts will provide smooth action, but care must 
be taken not to use excessive amounts as this may 
result in high resistance contacts. Occasionally 
put two or three drops of light oil on the switch 
shafts where they rotate in their bearings. 

The break-in relay must be kept in good adjust¬ 
ment so that it operates with small contact clear¬ 
ance and a minimum sparking. The antenna circuit 
contacts, single-pole double-throw, are arranged to 
“make” when the coil is energized, before the power 
circuit contacts, single-pole single-throw, close. 
When the coil is de-energized (key open), the power 
circuit contacts open first, and then the antenna con¬ 
tacts connect the low side of the antenna circuit to 
the radio receiver. This contact sequence should be 
carefully observed, if it is ever necessary to re¬ 
adjust the armature travel screw mounted between 
the contacts. Locknut on this screw should be kept 
tight. 

13. Transmitter Fusing. The main fuse panel, 
which is mounted directly behind access door of 
frame C, contains the following fuses, from left to 
right: 
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F-SOl—direction finder fuse, 3 amp, 250 volt, re¬ 
newable 

F-502—direction finder fuse, 3 amp, 250 volt, re¬ 
newable 

F-'503—ET-8025 alternator fuse, 3 amp, 250 volt, 
renewable 

F~504—12-volt battery, charging fuse, 20 amp, 250 
volt, renewable 

F-50S—12-volt battery charging fuse, 20 amp, 250 
volt, renewable 

F-S06—AR~8651 keyer fuse, 6 amp, 250 volt, re¬ 
newable 

F-507—AR~8651 keyer fuse, 6 amp, 250 volt, re¬ 
newable 

F-508—115-volt main line fuse, 30 amp, 250 volt, 
renewable 

F--509—115-volt main line fuse, 30 amp, 250 volt, 
renewable 

There are three additional fuses in frame C, as 
follows: 

F-511-512—Two 12-volt battery line fuses, 60 amp, 
250 volt, renewable 

h"-510—One ET-8025 filament fuse, 6 amp, 250 volt, 
renewable (above left end of emergency 
motor generator). 

14. Main Line Safety Switch, An enclosed 60- 
amp, 250-volt, non fusible, main-line safety switch 
is mounted in the lower section of frame C. The 
line side of this switch connects directly to the 
115-volt d-c shipboard supply. The load side of this 
switch is connected to the various 115-volt branch 
circuit fuses on the fuse panel (two 20-amp, two 
6-amp and two 30-amp fuses). The pair of 6-amp 
auto-alarm fuses are also used to fuse the line volt¬ 
meter in the ET-8024 transmitter. The main line 
switch .should always be opened when replacing 
fuses, or whenever the entire 115-volt d-c supply is 
to be disconnected from the complete equipment. 

15. Maintenance of 12-volt Emergency Storage 
Battery, The importance of maintaining the 12- 
volt emergency storage battery in first class condi¬ 
tion at all times cannot be overemphasized. It will 
be apparent that this 12-volt battery may, in an 
emergency, be the sole source of power for trans¬ 
mitting signals. Therefore, close attention to the 
following instructions should be observed. 

All parts of the battery should be kept clean and 
dry, particularly around the terminals of each cell. 
A light coating of vaseline will reduce corrosion if 
applied to the terminal connections, namely the 
points where the battery connects to the external 
wiring and where the two 6-volt units are connected 
in series. 

The level of electrolyte in each cell should be 
maintained by adding approved water so that the 
level is approximately one-half inch above the top 
of the plates. Acid should never be added to the 
cells. The filler caps for each cell should be kept 


tightly in place, except when adding water or read¬ 
ing gravity. 

The battery should be charged as often as neces¬ 
sary to maintain the gravity at approximately 1.285. 
The battery may be considered fully charged when 
the specific gravity, measured at three successive IS 
minute periods, remains constant. A reasonable 
amount of gassing, during charging, should be ob¬ 
served. Excessive gassing (bubbling) usually in¬ 
dicates overcharge. 

The ET-8025 charging panel and its associated 
resistors use eight series connected 1.37-ohm re¬ 
sistors (10.96 ohms total) for the full charging 
rate of approximately 9 amperes. For trickle 
charging, two parallel-connected 100-ohm resistors 
(50 ohms total) are connected in series with the 
10.96-ohm resistor group. This provides a trickle 
charging rate of approximately 1.5 amp. 

It is important neither to undercharge nor to 
overcharge the battery. Recommended procedure is 
to keep the battery on trickle charge while the oper¬ 
ator is on duty, as this will minimize the amount 
of heat dissipated in radio room. Battery gravity 
should be checked periodically and the full charging 
rate used wdienever necessary to keep the battery in 
good condition. Attention of radio operators is di¬ 
rected to section 8.118 of F.C.C. Ship Rules regard¬ 
ing daily tests of emergency storage batteries for 
polarity and correct charging rate. 

When taking gravity readings, use one cell as a 
''pilot'' cell, selecting a second “pilot" cell every six 
months or so in order to equalize any small loss of 
electrolyte over all six cells. 

Exercise great care that the battery is never acci¬ 
dentally discharged. Normally, keep the charge- 
discharge switch in the “charge" position unless the 
ET-802S transmitter is to be used. This may be 
done without overcharging the battery, since, if 
charging is not required the 12 v. bat. charge cir¬ 
cuit switch can be left in the off position. Always 
leave this switch off if the vessel lays up or is in 
drydock. 

16. Important General Operating Notes, When¬ 
ever the hinged front panel of the ET-8025 trans¬ 
mitter is opened or closed, it should be firmly 
gripped by the handles which are provided. The 
weight of the transmitter is considerable and it must 
not be permitted to “slam" into the open (hori¬ 
zontal) or closed (vertical) positions. Stops on the 
frame will hold the unit when in the fully opened 
position. Always keep the panel upper clamping 
screws tight after closing panel. 

Because the ET-B025 transmitter uses a full- 
wave, self-rectified circuit with a total of six tubes, 
for normal operation, the transmitter may also be 
used, in an emergency, with only three tubes as a 
half-wave, self-rectified circuit. The filaments of 
all six tubes are connected in a series-parallel ar¬ 
rangement. The two left-hand power amplifier fila¬ 
ments are connected in series with the left hand 
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oscillator filament. Likewise, the right hand power 
amplifier and oscillator filaments arc connected in 
series. If it is ever necessary to operate the trans¬ 
mitter with only three tubes, these three tubes should 
be either in the left or right section of the sub¬ 
panel, viewed from front to rear. With only three 
tubes in use, the filament voltage should be ad¬ 
justed to 10 volts, the same as for normal operation 
with six tubes. 

Important: If erratic operation of the ET-802S 
is observed, always check all 12-volt battery circuits. 
Battery current is high, and corroded or loose con¬ 
nections will cause abnormal voltage drop. Keep 
tight and clean the following connections: 

The leads on the 12-volt battery (4 connections, 
easily corroded). 

The leads to the bottom and top of the two 60-amp 
fuses. 

The 60-amp renewable links inside the fuses (usu¬ 
ally neglected). 

The two 12-volt leads from the emergency motor 
generator (LI and L2). 

The leads to the start-stop switch (keep screws 
tight). 

The leads to the charge-discharge switch (keep 
screws tight). 

13~2h. RMCA Model AR-8S06~B Intermediate 
and High-frequency Receiver (Component of 
4U Radio Units) —The model AR-8506-B is a 
five-band intermediate- and high-frequency radio 
receiver designed for service aboard ships or in 
land stations. This receiver was approved on Feb¬ 
ruary 6th, 1943, by the Federal Communications 
Commission for compliance with subsection 8.130(b) 
as capable of being used and operated on board 
ships of the United States within the limitations 
regarding the radiation of energy imposed by sub¬ 
section 8.130(b). 

1. Design Characteristics —(a) Ten-tube super¬ 
heterodyne circuit, low radiation, for compliance 
with F.C.C. subsection 8.130(b) which limits radi¬ 
ation to 400 micro-microwatts. 

(b) Triple-stage 1700-kc intermediate-frequency 
amplifier. 

(c) Direct-line operation from 115 or 230 volts 
d-c or a-c power supply, without the use of external 
rotary converter or vibrator units. 

(d) Loud-speaker built in as integral part of re¬ 
ceiver front panel. 

(e) Dual jacks for telephone receivers (low or 
high impedance phones may be used). 

(f) High image rejection ratio. 

(g) Full-vision tuning dial, calibrated in kilo¬ 
cycles and megacycles, entire frequency calibration 
visible at all times. 

(h) Electrical band spread tuning control for 
•‘sweeping” the tuning over a narrow range with a 
fixed setting of the main tuning control. 


(i) Main tuning control with 30 to 1 gear drive. 

(j) Voltage regulated oscillator tube to minimize 
variations in oscillator frequency with variations in 
ship’s power supply. 

(k) Audio-frequency and radio-frequency gain 
controls. 

(l) Panel-controlled off-on switches for loud¬ 
speaker, AVC, and BFO. 

(m) Five-position band switch which provides 
selection of any one of the following frequency 
bands: 

Band Frequency Range 

1 85-220 kc 

2 210-550 kc 

3 1.9- 5.4 me 

4 5.2- 12 me 

5 11.5- 25 me 

2. Vacuum Tubes, The receiver uses ten stand¬ 
ard octal base tubes as follows: 

6SG7—R-f amplifier 
6SG7—Mixer 

6J5—High-frequency oscillator 
6SG7—First i-f amplifier 
6SG7—Second i-f amplifier 
6SG7—Third i-f amplifier 
6SQ7—Detector-AVC—first audio 
2SL6GT/G—Audio output 
25Z6—Rectifier 
6J5—BFO 

In addition, a G-10 one-watt neon regulator tube 
is used to provide a regulated voltage source for 
the high-frequency oscillator. This tube has a 
standard double contact bayonet candelabra base. 

3. Power Supply. The receiver may be operated 
directly from 115-volt a-c or d-c supply without 
requiring any additional conversion apparatus. 
Power consumption is approximately 45 watts from 
a 115-volt a-c or d-c line. For operation from 230 
volts a.c. or d.c., a radiomarine type RM-9 external 
resistor unit (325 ohms, 75 watts) is required in 
series with the supply line. Total power consump¬ 
tion for 230-volt operation is approximately 90 
watts. 

4. Receiver Circuits, The receiver uses a super¬ 
heterodyne circuit having one stage of r-f amplifi¬ 
cation using a 6SG7 tube. A three-gang tuning 
condenser tunes the r-f mixer, and oscillator circuits 
simultaneously. The band switch selects the coils 
desired and short-circuits all other unused coils to 
eliminate “dead spots.” The circuit arrangement is 
shown in Figure 13-21. 

A type 6J5 tube is employed in a Hartley oscil¬ 
lator circuit which operates with the plate at r-f 
ground potential. The plate voltage of this tube is 
regulated and kept within very close limits, even for 
extreme line voltage variations, by means of the 
voltage regulator tube. On the high frequency 
bands, the oscillator circuit contains “temperature 
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stabilized” condensers which have a negative tem¬ 
perature coefficient. These condensers compensate 
for the normal expected expansion of the other con¬ 
trolling components in such a way as to eliminate 
”drift” with large variations in temperature. As a 
result, the oscillator frequency and dial tuning will 
remain substantially fixed after a short initial 
warm-up period. 

The 6J5 oscillator tube operates 1700 kc above 
the signal frequency on bands 1, 2, 3 and 4, and 
1700 kc below the signal frequency on band 5. The 
oscillator output is mixed by the 6SG7 mixer tube. 

The output from the last i-f transformer is recti¬ 
fied by the diode elements of the 6SQ7 tube; and the 
audio component, after passing through a-f gain 
control, is further amplified by the triode portion of 
this same tube and thence fed to the 25L6GT/G 
audio power amplifier feeding the loud-speaker and 
headphones. A VC voltage from the diode circuit 
is fed back to the preceding r.f., and the first two 
i-f amplifiers when the AVC switch is in the on 
position. The r-f gain control regulates the ampli¬ 
fication of the r-f, first i-f and second i-f amplifier 
tubes. A beat frequency oscillator consisting of a 
type 6JS tube in conjunction with the BFO trans¬ 
former provides a suitable beat note for CW 
reception. 

The 2SZ6 rectifier tube rectifies the incoming 
power when an a-c supply is connected and fur¬ 
nishes d.c. for the receiver plate supply. When 
the power supply is d.c., this tube merely conducts 
the plate supply voltage. The plate supply voltage 
is thoroughly filtered by iron-core reactors and 
40-/i,f filter condensers for both a-c and d-c 
operation. 

The heaters (filaments) of all tubes are connected 
in scries, requiring a total of approximately 100 
volts, the remaining 15 volts, from the 115-volt sup¬ 
ply, being dropped through a metal clad resistor. 
The audio output impedance of the receiver is 4 
ohms for the loud-speaker circuit and 500 ohms for 
the headphone jacks. Either low or high impedance 
headphones may be used. 

5. Operation, Close switch on RM-8 -filter unit. 
Turn on receiver power switch by rotating r-f gain 
control to the right (clockwise). Turn loud¬ 
speaker OFF-ON switch to ON positioii and plug in 
low or high impedance phones if phone reception 
is desired. After tubes have warmed up, advance 
r-f and a-f gain controls until signal or noise is 
received. 

When tuning in a signal, it must be remembered 
that the dial calibration is correct when the band 
spread control pointer is set at its zero (center) 
position. This effect will be more noticeable near 
the upper end of each frequency band. 

When standing by to receive signals, it is recom¬ 
mended that the AVC switch be left in the on posi¬ 
tion, the r-f gain adjusted clockwise to a fairly high 
level, as determined by the prevailing noise level, 


and the a-f gain adjusted to produce a moderate 
noise output level. With these control settings, 
strong incoming signals will be received without 
‘"block,” and at the same time, fairly weak signals, 
only slightly above the prevailing noise level, will 
also be readily received. 

A greater degree of AVC control is available 
when the r-f gain control is most fully advanced, 
and a much lesser degree is available when operat¬ 
ing with the r-f gain control in a less sensitive set¬ 
ting. It is also true, however, that if the r-f gain 
control is advanced too far “into the noise,” a poor 
signal to noise ratio will be obtained resulting in the 
signals standing out less clearly above the back¬ 
ground static. Practice in operating the receiver 
and observing these two effects will help in estimat¬ 
ing the approximate control settings which will offer 
the best compromise and will result in the most satis¬ 
factory reception. 

When receiving A1 (CW) transmissions, turn on 
the beat frequency oscillator (BFO) switch and 
adjust band spread tuning condenser for a suitable 
beat note. AVC may be either on or off for CW 
reception. It will be found that when the CW sig¬ 
nals are very strong, a louder beat note may be 
obtained by reducing the r-f control setting and 
increasing the a-f gain correspondingly. 

The various frequency bands may be selected by 
means of the five position band selector switch on 
the front panel. 

When the receiver is operated from an a-c line, 
one side of which may be grounded, the “hum” level 
of the receiver may be high or low depending upon 
the “polarity” of the connections to the RM-8 line 
filter unit. Try reversing the connections of the a-c 
power line to the RM-8 to insure lowest “hum” 
level. Line polarity cannot be reversed with the 
power supply connector at the rear of receiver 
chassis, as this connector is polarized and may be 
inserted in one position only. 

Warning: This receiver has been carefully aligned 
at the factory with precision instruments, and oper¬ 
ators are cautioned not to disturb any of the trimmer 
adjustments on the chassis or on the r-f and i-f 
transformer cans. 

Important: When AR-8506-B receiver is in¬ 
stalled, it should be noted that band No. 2 covers 
the normal intermediate ship frequencies so that any 
frequency between 210 and 550 kc may be received. 
Therefore, AR-8506-B may be used for monitoring 
in this frequency band in lieu of the ship's regular 
low and intermediate frequency receiver (such as 
AR-8503 and AR-8S10). This practice will result 
in a considerable increase in life of the “B” batteries 
usually used with the ship's low and intermediate 
frequency receiver. It will also be apparent that 
bands No. 1 and No. 2 in AR-8506-B provide “du¬ 
plicate facilities” whenever reception between 85 
and 550 kc is required, in the event that the ship's 
normal low and intermediate frequency receiver is 
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being used on other frequencies, or is out of order. 

6. Maintenance. Standard receiver spares com¬ 
prise a complete set of tubes, 18 one amp glass fuses 
and a No. 20942 plug-in filter condenser. In emer¬ 
gency, receiver will operate with only one filter 
condenser if plugged in left-hand socket behind 
loud-speaker. 

If receiver sensitivity appears lower than normal, 
change tubes, one tube at a time, using spare tubes, 
to locate any weak or defective tube. Make sure 
tubes are placed in sockets according to tube type 
numbers stamped near each socket. 

If receiver appears to be “dead,” check front panel 
fuse and the two similar fuses in RM-8 filter unit. 
Since all heaters are connected in series, burnout 
of any one heater or removal of any one tube will 
prevent receiver from operating. The G-10 neon 
regulator tube, which also serves as a pilot light, 
receives its voltage from the receiver plus B supply. 
This regulator tube will not glow until the rectifier 
tube has warmed up and a few seconds delay is 
normal when receiver is first turned on. 

By referring to diagram Figure 13--21 and the 


circuit voltage values shown on this diagram, a high 
resistance multirange d-c voltmeter (1000 ohms per 
volt) may be used to check socket voltages, compo¬ 
nent parts and general operation if receiver per¬ 
formance is below normal. By disconnecting the 
power supply and using an ohmmeter, resistors and 
coils may be checked for continuity, and condensers 
for shorts or leakage. 

When checking voltages, component parts, etc., 
special care should be taken not to accidentally dis¬ 
turb any of the trimmer adjustments. Nei^er alter 
any of the trimmer adjustments in an attempt to 
“improve” receiver performance, unless the receiver 
is to be realigned as detailed below. 

7. Circuit Alignment, The alignment procedure 
specified below must not be attempted unless an 
accurately calibrated test oscillator, or signal gen¬ 
erator, and an output a-c voltmeter are available. 

(a) /-/ Circuit Alignment: If it is merely desired 
to check the “peaking” of the i-f system, and it is 
known that none of the trimmers are seriously out 
of alignment (such as might occur through replace¬ 
ment of defective transformers, etc.), this may be 


R-F Alignment Table 


Step 

Connect Test 

Tune Test 

Turn Receiver 

Adjust the following for 

Osc. to 

Osc. to 

Dial to 

Max. Output 

1 

Ai through 400 ohms or I.R.E. STD. 
Dummy Antenna. Ground A 2 

24.0 me 

24 me—Band 5 

C-114 Osc 

C-110 RF*(Rock Gang) 
C-106 Ant. 

2 

Same as Step 1 

12.0 me 

12.0 me—Band 5 

Core Adj. Z-112 

3 

Repeat Step 1 




4 

Same as Step 1 

12.0 me 

12.0 me —Band 4 

C-113 Osc. 

C-109 RF 

C-105 Ant. 

5 

Same as Step 1 

5.5 me 

5.5 me—Band 4 

Core Adj. Z-111 

6 

Repeat Step 4 




7 

Same as Step 1 

5.0 me 

5.0 me—Band 3 

C-112 Osc. 

C-108 RF 

C-104 Ant. 

8 

Same as Step 1 

2.0 me 

2.0 me—Band 3 

Core Adj. Z-110 

9 

Repeat Step 7 




10 

A\ through 200 nfd or I.R.E. STD. 

500 kc 

500 kc—Band 2 

c-ni Osc. 


Dummy Antenna. Do not Ground 



C-107 RF 


Ai 



C-10.5 Ant. 

11 

Same as Step 10 

220 kc 

220 kc—Band 2 

Core Adj. Z-109 

12 

Repeat Steps 10 and 11 several times if necessary until “interlocking” is negligible. 

13 

Same as Step 10 

200 kc 

200 kc—Band 1 

C-164 Osc. 

C-16.5 RF 

C-162 Ant. 

14 

Same as Step 10 

85 kc 

85 kc—Band 1 

Core Adj. Z.121 

15 

Repeat Steps 13 and 14 several times if necessary until “interlocking” is negligible. 


Notes: 

1. All r-f trimmer adjustments are beneath the chassis. 

2. All oscillator iron-core adjustments are above the chassis. 

3. Check pointer zero setting. Pointer should coincide with horizontal line at low frequency end of dial. 

4. Set BAND SPREAD pointer to zero (mid-scale) position before proceeding with alignment. 
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done most conveniently by coupling a strong 1700-kc 
modulated signal to either terminal Aj or A 2 and 
with the band switch turned to band No. 1 or band 
No. 2. An output voltmeter may be connected 
across the loud-speaker terminals or across the 
phones. A-f and r-f gain controls should be well 
advanced and enough signal fed in to give a clear 
output indication above the noise level. The A VC 
should be turned off, and it should be ascertained 
that the receiver is not “blocked” by too strong an 
input signal. Adjust both trimmers on all i-f trans¬ 
formers labeled 1700 kc for maximum output. In 
order to align the i-f wave trap, it is necessary to 
connect the test oscillator to terminal A^ and to 
ground terminal Ag. The frequency switch must be 
turned to bands No. 3, No. 4 or No. 5. Adjust the 
iron core for minimum output. Turn on the BFO 
and adjust the beat note as necessary by turning the 
knob on top of the BFO transformer at the rear of 
the chassis. 

If major repairs or replacements have been made 
to the i-f system, it may not be possible to feed a 
strong enough signal to the antenna terminal to 
obtain an output indication, and it is advisable to 
feed in a signal directly to the i-f grid before re¬ 
placing the set in its cabinet. 

(b) R-f Circuit Alignment: Be sure that the 
main tuning pointer coincides with the horizontal 
line on the scale when the gang condenser is closed 
(maximum C.C.W. rotation). If necessary, reset 
pointer. Set band spread control pointer to its 0 
(center) position (band spread condenser one-half 
open). Refer to photographs for location of r-f 
trimmers beneath the chassis. It is necessary to 
remove the receiver from its cabinet when making 
any r-f trimming adjustments. When the receiver 
is operated in this manner, a connection from chassis 
to ground should be made. 

Refer to the r-f alignment table below for details 
as to antenna connections, test frequencies, trim¬ 
mer and iron core adjustments, etc. 

When “peaking” the trimmers, two peaks will be 
obtained since the condensers are free to rotate 360°. 
Either peak may be used. 

Since the intermediate frequency is high and the 
trimmer range is restricted, it is not possible to align 
incorrectly the receiver to the “image” frequency, 
even on the highest frequency range. 

13-2i. RMCA Model AR--8510 Radio Receiver 
(Component of 4U Radio Unit) —The model 
AR-8510 radio receiver is a compact, low and inter¬ 
mediate frequency receiver, primarily designed for 
marine applications. The arrangement of the re¬ 
ceiver is such that it may be mounted, as an integral 
part of the model 4U radio unit, directly below the 
ET-8024-A main transmitter in frame B. The re¬ 
ceiver may also be furnished, for other applications, 
as an independent unit in its own cabinet. 

1. Frequency Range. A continuous frequency 
range of IS to 650 kc, divided into four bands, with 


ample overlap between each band, is provided. A 
four-position band switch permits the following 
bands to be quickly selected: 

Band 1— 15 to 38 kc 
Band 2— 38 to 100 kc 
Band 3—100 to 250 kc 
Band A —250 to 650 kc 

2. Vacuum Tubes. Five standard octal base 
vacuum tubes are used in the receiver as follows: 

6SK7—First r-f amplifier 
6SK7—Second r-f amplifier 
6SK7—Regencrativt‘ detector 
6SK7—First audio 
6V6GT/G—Second audio 

3. Penver Supply. The receiver requires a power 
supply of 6 volts from a storage battery, and 90 
volts from a B t)attery The 6-volt battery drain 
is approximately 1.8 amp. The 90-volt B battery 
drain is approximately 13 ma. 

4. Receiver Circuits. A three-gang tuning con¬ 
denser, in conjunction with individual sets of r-f 
coils for each frequency band, are used for tuning 
the two radio-frequency amplifier stages and the 
input circuit of the regenerative detector. The band 
switch is designed to short-circuit the unused coils 
in each stage to eliminate “dead spots,” or other 
undesired operation. See Figure 13-22 for circuit 
diagram. 

Separate front panel controlled trimmer con¬ 
densers permit the r-f amplifier stages to be main¬ 
tained in resonance when the detector input circuit 
is adjusted slightly off resonance for the purpose of 
producing an audio beat note with continuous wave 
reception. 

The r-f gain control is connected in the cathode 
circuits of both r-f tubes and functions to increase 
the control grid negative bias when the gain is to 
be reduced. 

The regeneration control is used to vary the 
voltage impressed upon the screen of the regenera¬ 
tive detector. This control, when advanced clock¬ 
wise, causes the detector tube to regenerate, and 
when advanced further allows the tube to oscillate 
for reception of continuous waves. The cathode of 
the detector tube is coupled to the grid of that tube 
by means of individual “tickler” coils for each band. 

The audio frequency component in the detector 
plate circuit is coupled through a resistor-condenser 
network to the control grid of the first audio stage. 
The plate circuit of the first audio tube is coupled 
to the control grid of the second audio tube through 
a resistor-condenser network. An audio output 
transformer, with its primary connected in the plate 
circuit of the second audio tube, is used. The two 
telephone jacks (parallel connected) are coupled to 
the plate end of the audio output transformer pri¬ 
mary winding through a capacitor. This arrange- 
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ment enables standard high impedance telephone 
receivers to be used. The 4-ohm secondary wind¬ 
ing of the output transformer is connected, through 
the loud-speaker on-off switch, to the voice coil of 
the loud-speaker. Transformer secondary taps 
marked '*8-15” and “Q-250-500” are normally not 
used, but are available if other output impedance 
taps are needed for special applications. 

The battery on-off switch is a double-pole single¬ 
throw unit which controls the positive 6-volt and 
positive 90-volt battery input circuits. A Mazda 
No. 47 miniature bayonet base pilot light is illumi¬ 
nated whenever the battery switch is turned on. 

The front panel fuse (a glass fuse type 3-AG, 
0.5 amp) is connected in the positive side of the 
90-volt B battery circuit, and is conveniently re¬ 
placed by unscrewing the bakelite cap. 

The antenna switch on the front panel is a single¬ 
pole double-throw unit and is arranged to connect 
the incoming antenna circuit lead either to the AR- 
8510 receiver (main), or to a separate emergency 
receiver (emerg.). The emergency receiver, type 
C, is a separate unit of the crystal type and is de¬ 
scribed further in this book. 

5. Receiver Operation, Place battery 1 or bat¬ 
tery 2 on “discharge” from the battery control and 
charging panel. These switches are located to the 
right of the AR~8510 receiver in the Model 4U 
Radio Unit, and their functions are described fur¬ 
ther in this chapter. 

Place ANTENNA SWITCH on receiver panel in posi¬ 
tion MAIN. Place RECEIVER PANEL BATTERY SWITCH 
in ON position. Place receiver power switch in 
RECTIFIER or B BATTERY position, as required. 

Plug in telephone receivers, and, if desired, throw 
loud-speaker switch to on position. Phones and 
loud-speaker may be used simultaneously or sepa¬ 
rately, as desired. Tubes will warm up in about 
15 seconds. 

Adjust band switch and main tuning control to 
desired frequency. The r-f gain control should be 
adjusted to a suitable position depending upon 
strength of incoming signal and atmospheric noise. 
The regeneration control should be advanced 
(clockwise) to the point where regeneration is 
optimum, or for oscillation to receive CW signals. 

After the received signal has been tuned in with 
the main tuning knob, increased sensitivity and se¬ 
lectivity may be obtained by adjusting the trimmer 
controls on either side of the band switch, for maxi¬ 
mum output. When this is done, it may be found 
desirable to reduce the r-f gain control setting for 
best over-all operation. 

When receiving signals of a comparatively low 
frequency (long waves), such as bands 1 and 2, it 
is desirable to adjust the main tuning for a low beat 
note. This will provide maximum selectivity. 

6. Battery Control and Charging Panel, The 
battery control and charging panel for the AR-8510 
receiver comprises two small switch panels mounted 


at each side of the receiver in frame B of the 
Model 4U Radio Unit. 

To the right of the receiver panel, there are two 
switches marked 6 v. rec. bat. 1 discharge-charge 
and 6 v. rec. bat. 2 discharge-charge. To the left 
of the receiver panel, there are also two switches. 
One of these switches is marked rec, bat. charge 
CIRCUIT off-on. The second switch marked 12 v. 
EMERG. LIGHT—OFF-oN is used with the emergency 
light at the top of frame B as described under “In¬ 
structions for ET-8025 Transmitter.” 

The two 9-plate 6-volt storage batteries normally 
used with the AR-8510 receiver each has a rating 
of 2 amp for 35 hours and is type DLTL-9. By 
means of battery 1 and battery 2 charge-discharge 
switches, one battery may be kept on charge while 
the other battery is discharging through the re¬ 
ceiver. Since the receiver drain is approximately 
1.8 amp, while the battery charging rate is approxi¬ 
mately 3 amp, both batteries may be kept in good 
condition by charging one of them for the same 
period of time that the other battery is in use with 
the receiver. 

Approximately every two weeks both batteries 
may be given an equalizing charge, when the re¬ 
ceiver is not in use, by placing both battery 1 and 
battery 2 switches in the “charge” position. 

The function of the switch marked rec. bat. 
CHRG. CIRCUIT should be understood. This switch 
permits the incoming llS-volt ship^s line to be con¬ 
nected or disconnected to the 6-volt battery charging 
circuits. If batteries show signs of overcharging 
(excessive water required), the charging circuit 
may be disconnected by means of this switch. 

The 6-volt battery charging resistors are mounted 
in the lower right rear section of frame B and 
consists of three 6-ohm, one 9-ohm and one 3-ohni 
resistors connected in series (30 ohms total). 

When the ship lays up or is in drydock, the re¬ 
ceiver battery charging circuit switch should be left 
off to prevent accidental discharge of the battery 
through the line. 

7. Receiver Maintenance, Tubes should be re¬ 
placed by loosening the front panel screws and 
withdrawing receiver unit. All tube sockets are 
plainly marked for the correct tube type. 

An open 6-volt battery fuse will be disclosed by 
failure of the pilot light on the receiver panel to 
indicate. Check the four 6-amp renewable cartridge 
fuses on the fuse panel in the lower section of 
frame B. 

If the filament circuit is all right and receiver 
inoperative, check the 90-volt B fuse on the receiver 
front panel. This is a glass fuse, type 3-AG, rated 
0.5 amp. 

The standard radio room type SLS voltmeter may 
be used to check receiver components. The lower 
shield panel at the base of the chassis should be 
removed for this operation. 
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The 6-voIt and 90-volt battery voltages may be 
checked at their respective terminals in frame B, or, 
if desired, on the terminal block attached to the 
receiver chassis. The 90-volt B battery should be 
replaced if the voltage, as measured under load, is 
75 volts or less (37.5 volts per 45-volt unit). In 
the Model 4U Radio Unit, the 90-volt B battery is 
mounted in a tray in the lower left section of frame 
B. Two 45-volt B batteries, catalog 10308 or equal, 
are required. 

8. Receiver Alignment, The receiver is accu¬ 
rately aligned at the factory and should not be dis¬ 
turbed unless trimmers have been tampered with or 
major repairs are necessary. Alignment procedure 
is as follows: 

Band 1: Set pointer at 38 kc. Use accurate 38-kc 
modulated signal and adjust No. 1 trimmer (behind 
tuning condenser gang) for maximum output. 

Band 2: Same as band 1 except set pointer to 100 
kc and peak No. 2 trimmer. 

Band 3: Set pointer to 100 kc. Use 100-kc modu¬ 
lated signal and adjust the three 100-kc iron cores 
for maximum output. Then set pointer at 250 kc, 
use 250-kc modulated signal and adjust trimmer 
No. 3 for maximum. 

Band 4: Same as band 3 except adjust iron cores 
at 250 kc and No. 4 trimmer at 650 kc. 

9. Maintenance of 6-volt Storage Batteries, 
Keep the two 6-volt receiver A batteries clean and 
the electrolyte level one-half inch above the top of 
the plates. Charge one battery for the same period 
of time that the other battery is in use. Full charge 
gravity is about 1.220. 

10. RM-23 Rectifier Unit. This unit supplies 90 
volts, 15 ma for the AR-8510 receiver ‘‘B’* circuit. 
The input is 115 volts, 60 cycles, 35 watts. This 
rectifier unit is mounted in the lower section of 
frame B on vessels where the required 115-volt, 
60-cycle source is available. The rectifier tube is 
one 6X5GT/G. The 6.3-volt, 2.5-amp output cir¬ 
cuit from the rectifier is not used in model 4U. 

On vessels where the RM~23 is not furnished, 
the rectifier (rect.) position of the receiver power 
SWITCH is not to be used unless an additional 90-volt 
B battery has been connected as described in Sec¬ 
tion 13“2c. 

When the RM-23 is installed, the operator is 
cautioned to always use the receiver power switch 
to turn the AR-8510 receiver on or off. The bat¬ 
tery switch on the AR-8S10 receiver panel may be 
left on at all times, as the receiver power switch 
will turn off both the rectifier and the 6-volt bat¬ 
tery supply to the receiver. Note that the 6-volt A 
batteries are always used for the receiver filament 
supply whether or not the RM-23 rectifier unit is 
installed. 

13-2j. RMCA Type “D” Crystal Radio Re¬ 
ceiver (Component of 4U Radio Unit) —The type 
“D” radio receiver is a crystal receiver designed 
to meet the requirements of the Safety of Life at 


Sea Convention, and the Rules of the Federal Com¬ 
munications Commission. Such regulations require, 
on vessels subject to the Safety Convention, a radio 
receiver which is capable of receiving radiotelegraph 
signals, A2 or B emission, on all frequencies within 
the band 350 to 515 kc by means of a crystal recti¬ 
fier, and for this purpose the receiver shall not re¬ 
quire the use of electron tubes. 

The circuit used in the type receiver and 
shown in Figure 13-23 comprises a fixed inductance, 
a variable tuning condenser, an adjustable “cat 
whisker” type of crystal, a crystal by-pass con¬ 
denser and phone jack. 

ANTCNNA 

CONNCCTION 



Fir,. 13-23. Schematic circuit diagram of the type D, 
emergency crystal receiver used in the RMCA model 4U 
radio unit. 

The receiver is adjusted by tuning the variable 
condenser to the desired signal and by regulating 
the cat whisker to a sensitive spot on the crystal. 

When used with the type AR-8510 main and 
emergency vacuum tube receiver, the AR-8510 in¬ 
cludes an antenna transfer switch for connecting 
antenna circuits to the input of the type “D” crystal 
receiver. 

The type receiver is mounted on a panel in 
frame D of the Model 4U Radio Unit to the right 
of the AR-8506-B receiver. 

13-2k. RMCA Model AR-8601 Auto Alarm 
(Component of 4U Radio Unit) —The radio 
marine model AR-8601 auto alarm has been de¬ 
signed to meet the following requirements: 

International Telecommunications Conferences 
Cairo 1938. 

Federal Communications Commission ‘‘Auto 
Alarm Requirements and Type Tests, October 1, 
1935” (mimeograph publication No. 14247), and 
F.CC. Rule 8.130(b). 

The AR-8601 also complies with the technical 
requirements of Federal Communications Commis¬ 
sion order No. 28 and order No. 28A with respect 
to energizing the audible alarms when the 6-volt 
battery decreases to 4 volts, or fails altogether, at 
the point where the battery circuits enters the auto 
alarm unit, and also to energize the audible alstrms 
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when the voltage of the 110-volt direct-current 
power supply decreases to 90 volts or less. 

The fundamental purpose of the auto alarm is to 
stand a watch on the 500-kc distress frequency at 
all times when the radio operator is not on duty. 
The International Auto Alarm Signal consists of a 
series of dashes four seconds in length, separated 
by spaces having a duration of one second. Twelve 
such dashes and spaces can be transmitted in one 
minute. Auto alarms designed to meet the require¬ 
ments of the Federal Communications Commission 
are arranged to actuate warning bells when four 
correct dashes and spaces have been received. 

It should be clearly understood that the primary 
function of the auto alarm is to receive signals in 
cases of distress. The transmission of such signals 
from the vessel in distress (or sometimes by shore 
stations for distressed vessels) is accomplished by 
using a radio room clock with a sweep second hand, 
or by means of an automatic alarm signal keying 
device. The radio room clock is designed with 
suitable marking on its dial to facilitate transmission 
of the correct dashes and spaces, this clock also 
being used by the radio operator when he tests the 
auto alarm before going off watch. This point is 
covered in detail further in this chapter. 

1. Component Units, The principal component 
units of the model AR-8601 auto alarm are housed 
in a single, copper-plated steel frame, known as 
frame A. While the assembly in frame A may be 
installed as an independent unit, it is also designed 
for application as an integral part of a complete 
model 4U Radio Unit. 

External to the radio room there is installed an 
alarm bell and warning light unit on the bridge, a 
bell unit in the radio operator's quarters, and a 
6-volt 9-plate storage battery in an adjacent battery 
room. 

The standard spare parts furnished with each 
model AR-SGOl auto alarm are listed separately in 
this chapter. 

2. Power Supply Requirements. The main power 
supply for the AR-8601 auto alarm is the shipboard 
llS-volt d-c line. A current of approximately 1.5 
amp is required. This llS-volt supply is used for 
all filament circuits, plate circuits, screen circuits, 
oven heater and charging circuits of the auto alarm. 
A 6-volt storage battery is also used. This battery 
furnishes energy for ringing the alarm bells and 
for energizing the stepping relay and auxiliary 
relay in the auto alarm. The normal current re¬ 
quired from the 6-volt battery is .4 amp, except 
when all alarm bells are ringing when a current of 
approximately 3 amp is required. 

3. Description of Over-all Assembly, The auto 

ALARM MASTER SWITCH is a three-position switch 
located in the top of frame A in model 4U Radio 
Unit. The circuit functions are as follows: 


(a) Position 1. Alarm on. Battery discharging. 
Main antenna is connected to auto alarm 
receiver input circuit. 

llS-volt d-c ship's line is connected to alarm. 
6-volt storage battery is connected to alarm. 

(b) Position 2. Alarm off. Battery off. (Trans¬ 
mitting position—Emergency antenna.) 
Emergency antenna is connected to trans¬ 
mitter SELECTOR SWITCH. 

115-volt d-c ship's line is disconnected from 
alarm. 

6-volt storage battery is disconnected from 
alarm. 

(c) Position 3. Alarm off. Battery charging. 
(Transmitting position—Main antenna.) 
Main antenna is connected to transmitter 
SELECTOR SWITCH. 

llS-volt d-c ship's line is disconnected from 
alarm. 

6-volt storage battery is disconnected from 
alarm. 

The over-all design of the master switch is such 
that the alarm cannot be turned on unless it is con¬ 
nected directly to the main antenna, irrespective of 
any other equipment in the radio room. To protect 
the auto alarm receiver from excessive voltages, a 
static leak and adjustable spark gap (H 2 ") are pro¬ 
vided on the master switch. Key interlock circuits 
are not used or required with the master switch as 
used in the Model 4U Radio Unit. This is because 
the antenna circuits (from the transmitter selector 
switch) are completely disconnected from the auto 
alarm when the master switch is in position 2 or 3. 

The radio receiver-selector unit is constructed on 
a hinged front panel so that it may swing forward to 
a horizontal position for adjustment or maintenance. 

A vertical sub-panel at right angles to the front 
panel is provided inside the unit on which are 
mounted the radio receiver and selector components. 

Five radio frequency transformer units are 
mounted in a row along the upper section of the 
sub-panel. Each of these units is constructed with 
impregnated Litz coils and air dielectric tuning con¬ 
densers. The coupling between the various r-f coils 
is adjusted at the factory to secure the specified 
bandwidth and selectivity. The first transformer 
unit behind the front panel contains the 1600-kc 
r-f oscillator circuits. The next unit, toward the 
rear, is the SOO-kc input transformer. The next 
three units are the 1100-kc intermediate-frequency 
transformers. 

Nine vacuum tubes are used in the receiver- 
selector, All tube sockets are plainly marked for 
the correct tube type. The arrangement of tubes is 
as follows: 

Top row, viewed from front panel toward rear 

One 6A8—^mixer-oscillator tube 

One 6K7—first intermediate amplifier tube 
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One 6K7—second intermediate amplifier tube 
One 6H6-—diode detector tube 

Bottom row, viezved from front panel toward rear 
One 1611—^voltage regulator tube 
One 1611—radio relay tube 
One 1611—first selector tube 
One 1611—second selector tube 
One 1611—third selector tube 

There are three selector relays, mounted in a 
thermostatically controlled oven, which is located 
directly beneath the tubes. A suitable heater and 
bimetallic thermostat are used inside this oven to 
maintain a temperature of 55° C. The heater in 
this oven, which is controlled by the thermostat, is 
permanently connected to the 115-volt ship’s line, 
and operates at all times whether or not the auto 
alarm is in use. The heat from this oven is also 
used to maintain the various component units of the 
receiver-selector dry under marine conditions. 

The stepping relay is located at the rear of the 
oven. This relay advances one position each time 
a correct dash and space arc received. When the 
stepping relay reaches the fourth position, after four 
correct dashes and spaces, the warning bells are 
energized. 

There are four relays mounted beneath the oven. 
The first relay, viewed from the rear of the front 
panel, is the radio relay which is actuated by in¬ 
coming signals, as explained further in this book. 
The next relay is the iilanient burnout relay, which 
is used to ring the warning bells in case the filaments 
of any vacuum tubes should burn out. The next 
relay is the bell ringing relay which closes upon 
receipt of an alarm signal, and remains closed caus¬ 
ing the bells to ring continuously until the reset 
button is depressed. The fourth relay (underneath 
stepping relay) is known as the auxiliary relay and 
its function is explained further in this text. 

Various resistors, condensers, filter chokes and 
filter reactors are mounted on the sub-panel of the 
receiver-selector unit. All of these components are 
mounted to permit convenient checking or 
maintenance. 

4. Arrangement of Front Panel. The front panel 
of the receiver-selector unit contains the following 
controls and instruments: 

(1) A 0-15 ma, d-c milliammeter, together with 
a five-position “current” switch. The functions of 
this switch when used with the milliammeter are as 
follows: 

Position 1 —Selector tube 1 plate current 
Position 2 —Selector tube 2 plate current 
Position 3 —Selector tube 3 plate current 
Position 4 —Signal relay tube plate current 
Position 5—Not used 

(2) A 0-150 volt, d-c voltmeter, together with a 
five-position ‘Voltage” switch. The functions of 


this switch when used with the voltmeter are as 
follows: 

Position 1 —Voltage regulator tu])e output 
voltage 

Position 2 —Selector tubes 1 and 2 grid bias 
voltage 

Position 2 —Selector tube 3 grid bias voltage 

Position 4 —Tube heater voltage 

Position 5 —Ship’s line voltage (less drop in 
r-f filter chokes) 

Also mounted on the front panel are the following : 

(3) A sensitivity control for adjusting the ampli¬ 
fication of the radio receiver. 

(4) A 0.5-amp glass fuse (plate circuits). 

(5) An amber pilot light which indicates on-off 
operation of the thermostat in the oven. 

(6) A red pilot light to indiciate when the step¬ 
ping relay has advanced from its “zero” position. 

(7) A jack for plugging in telephone receivers 
so that incoming signals may be monitored. 

(8) A test buzzer to provide a local signal for 
testing over-all operation of the alarm. 

(9) A “Bridge” push button to temporarily dis¬ 
connect the bridge and operator’s room bells during 
testing. 

(10) A “Test” push button to actuate the buzzer. 

(11) A “Reset” push button to stop all bells from 
ringing. 

(12) An instruction card entitled “Adjustments 
to Be Made by Radio Operator Before Going Off 
Watch.” 

5. Construction of Power Panel. A power panel 
is mounted in the lower section of frame A. A 
hinged door provides access to the various units 
mounted on the power panel. The following units 
comprise the power panel assembly: 

(1) A fuse block for two 6-amp, 250-volt, re¬ 
newable cartridge fuses (115 volt d.c.). 

(2) Fuse blocks for two 10-amp, 250-volt, re¬ 
newable cartridge fuses and one 6-amp glass fuse, 
these three fuses being connected in the 6-volt stor¬ 
age battery circuits. 

(3) A 9-volt C battery which provides bias for 
the voltage regulator tube. 

(4) A pair of dual radio-frequency choke coils 
which filter the incoming llS-volt d-c line supply 
circuits. 

(5) A 6-volt battery relay arranged to close its 
contacts if the battery voltage falls below approxi¬ 
mately 4.5 volts, thereby ringing the warning bells. 

(6) A line voltage relay whose contacts short 
out the coil on the 6-volt relay, causing the warning 
bells to ring in the event that the shipboard line 
voltage falls below approximately 90 volts or is in¬ 
creased to approximately 130 volts. 

(7) Two 100-ohm, ferrule type, charging re¬ 
sistors connected in parallel, for charging 6- 
volt storage battery. 
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(8) Two 80-ohni filament resistors, one con¬ 
nected in series with all tube heaters, and the other 
connected in parallel to the tube heaters having 
0.3-amp rating. Since the type 1611 tubes have a 
heater current of 0.7 amp, the 80-ohm paralleling 
resistor passes 0.4 amp to compensate for the 0.3 
amp required by the 6A8, 6K7 and 6H6 tubes. 

(9) A terminal block for all incoming wiring. 

(10) A radio room warning bell. 

6. Bridge Bell and Warning Light Unit'(RM-25). 
The bridge bell and warning light unit comprises 
a metal box in which is mounted the warning bell 
and a 6-volt Mazda No. 47 warning light. This 
unit should be installed on the bridge in a location 
to permit viewing by the officer on watch. A 
slotted cover for the warning light restricts un¬ 
desirable illumination from this light. 

7. Operator's Room Bell Unit (RM-26), This 
unit is similar to that furnished for installation on 
the bridge, except that it does not contain a warn¬ 
ing light. 

8. Operation of Radio Receiver-Selector Unit, 
The radio receiver circuits of the auto alarm utilize 
a five-tube superheterodyne circuit which is shown 
in Figure 13-24. 

The antenna circuit after passing through the 
master switch and a 5()0-ohm resistor connects to 
a tuned trap circuit (mounted back of the panel), 
which is adjusted at the factory for a frequency of 
1100 kc. This is the intermediate frequency of the 
receiver and the trap circuit is provided to suppress 
interfering signals having a frequency of 1100 kc. 
The 500-ohni resistor is furnished to act as a limiter 
and to destroy antenna circuit resonance so that 
the receiver complies with Federal Communications 
Conjmission Rules with respect to radiation. After 
passing through the trap circuit, the incoming signal 
is connected through a small condenser (50 fAfii) to 
a pair of broadly tuned circuits, which are adjusted 
to respond to 500 kc plus or minus 12.5 kc. In other 
words, signals having a frequency from 487.5 to 
512.5 kc are accepted. The first tube in the radio 
receiver is a type 6A8 mixer-oscillator. The oscil¬ 
lator portion of this tube is connected to a circuit 
which oscillates at a frequency of 1600 kc. This 
1600-kc energy is mixed with the incoming SOO-kc 
signal, and produces in the plate circuit of the 6A8 
the intermediate frequency of 1100 kc. 

The 6A8 mixer-oscillator tube is followed by 
two stages of intermediate-frequency amplification, 
each stage using a 6K7 pentode amplifier tube. The 
intermediate amplifier uses a total of six tuned cir¬ 
cuits which are so coupled to enable the incoming 
signal to vary between 487.5 and 512.5 kc, without 
attenuation. 

The fourth tube in the radio receiver is a type 
6H6 diode detector. This tube has two plates which 
arc connected in parallel and two cathodes which 
are connected in parallel. The radio signal, now at 
intermediate frequency, is rectified in the 6H6 de¬ 


tector stage and produces a d-c voltage which ap¬ 
pears across a one-megohm resistor connected be¬ 
tween the cathodes and one side of the third i-f 
transformer secondary. This d-c voltage from the 
diode stage is applied as a negative voltage to the 
grid of the fifth tube in the receiver, type 1611, 
which is known as the radio relay tube. The relay 
tube has connected in its plate circuit the coil of the 
radio relay. Any incoming signal between 500 and 
90,0(X) microvolts, and within the specified frequency 
band, will actuate the armature of the radio relay. 
The type 1611 relay tube, in the absence of signals, 
has a steady current (about 9 ma) flowing through 
its plate circuit. This current is reduced upon the 
receipt of a signal. This relay then initiates the 
timing action of the selector tubes in a manner to 
be described below. 

An auto alarm selector to operate efficiently with 
the International Alarm Signal, and to reject inter¬ 
fering signals, must perform three main functions. 
It should reject signals having a duration less than 
approximately 3.5 seconds. It should reject signals 
having a duration greater than 4.5 seconds. It 
should also be designed to recognize spaces between 
signals provided these spaces do not exceed 1.5 sec¬ 
onds. In the model AR-8601 auto alarm three 
selector tubes, with appropriate relays, are used. 

As pointed out above, correct incoming signals 
will lower the plate current of the 1611 relay tube, 
causing the armature to make a contact. This ap¬ 
plies a positive voltage to the grid of number 1 
selector tube, type 1611, through a suitable resist¬ 
ance capacity network. This network causes a time 
delay so that no plate current will flow in the number 
1 selector tube plate circuit until approximately 3.5 
seconds have elapsed. At the end of this time the 
plate current of selector tube number 1 energizes 
the coil of the first selector relay and closes its con¬ 
tacts. These contacts then energize the “notch” 
coil of a stepping relay, which advances this latter 
relay one position. At the same time that the 
“notch” coil on the stepping relay is energized, 
voltage is also applied to the coil of the auxiliary 
relay. One pair of contacts on this auxiliary relay 
energizes the grid of the second selector tube, type 
1611, which also uses a resistance capacity network 
in its grid circuit. If the incoming signal lasts for 
more than 4.5 seconds, current will flow in the 
plate circuit of the second selector tube and will 
energize selector relay number 2. This, in turn, 
will cause contacts to close on selector relay number 
2, which will energize the “restore” coil on the step¬ 
ping relay. When the signal ceases, under these 
conditions, the stepping relay returns to its zero 
or starting position. 

From the foregoing it may be seen that signals 
having a duration between, 3.5 and 4.5 seconds will 
cause the stepping relay to advance one position. 
It is now necessary to provide means for checking 
that the spaces between dashes are not excessive. 
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This is accomplished by means of the third selector 
tube, type 1611, and the third selector relay. The 
contacts on selector relay number 3 also energize 
the '‘restore” coil of the stepping relay. Spaces are 
checked as follows. At the end of any dash lasting 
between 3.5 and 4.5 seconds, the auxiliary relay coil 
is de-energized and a pair of back contacts apply 
voltage to the grid of selector tube number 3 
through a resistance capacity network. After a 
time interval (approximately 5 seconds) plate cur¬ 
rent begins to build up in selector tube nunilier 3. 
However, if any subsequent dash after the first one 
is completed within 3.5 seconds, the auxiliary relay 
closes again de-energizing selector tube number 3. 
If the second or subsequent dashes are not com¬ 
pleted in time, selector relay number 3 closes, ener¬ 
gizing the “restore” coil on the stepping relay. 

The above explanation of selector operation may 
be somewhat difficult to understand at the first 
reading. However, if the auto alarm is operated 
with the test buzzer and the action of the various 
relays observed, as explained further in this chapter, 
it is possible to secure a clear understanding of the 
over-all operation. 

A voltage regulator tube, type 1611, is used in 
the auto alarm. The purpose of this tube is to 
supply a regulated source of voltage for the grid 
circuits of the three selector tubes. Constants of 
the voltage regulator circuit are so designed to 
permit a small change in grid voltage to take place 
on the selector tubes, under conditions of changing 
line voltage, so that timing of the selector circuits 
is not impaired. 

The warning lights are used to indicate when 
heavy static or other interference impairs operation. 
Each time the stepping relay advances one position, 
a circuit is closed to the warning lights. These 
lights will remain lighted unless the static decreases 
or until a new adjustment is made on the sensitivity 
control. 

9. Adjustments to Be Made by Radio Operator 
Before Going Off Watch, On the front cover of 
the auto alarm there will be found printed instruc¬ 
tions which read as follows: 

IMPORTANT INSTRUCTIONS 

“To Test Alarm: Close master switch. Set sensi¬ 
tivity control to approximately 40. Using radio 
room clock transmit alarm signal with test push 
button on auto alarm. Bell will ring after four 
correct dashes and spaces. See instruction book 
for further details.” 

‘'To Adjust Sensitivity Control: Set scale at 0. 
Set current switch at 4. Meter will read about 9 
ma. Turn sensitivity control to right until average 
meter reading, due to noise, static, etc., is about 1 
ma less than the maximum value. Listen with 
phones. Incoming signals will cause signal relay 
to chatter slightly and meter reading to fall toward 
zero. If sensitivity is set too high for prevailing 


noise level, warning lights will indicate need for 
lower setting. Do not set sensitivity control lower 
than necessary as weak distress calls may not be 
received.” 

When testing the auto alarm with the test buzzer 
and push button, the operator should observe that 
the milliammeter reading falls to zero, or nearly so, 
each time the test button is depressed. Close this 
button quickly several times and observe that the 
radio relay, whose armature click may be heard, 
follows the keying speed. Each time a correct four 
second dash and space are sent with the test buzzer, 
it may be observed that the stepping relay advances 
one position. If there is considerable radio inter¬ 
ference or static during the time the alarm is being 
tested, it will be observed that the “restore” coil on 
the stepping relay is also energized, thereby pre¬ 
venting the stepping relay from advancing further. 
This condition will occur during testing whenever 
static or interference completely fills the spaces be¬ 
tween dashes so that the normal auto alarm signal 
is distorted. The position of the sensitivity control, 
during the test of the auto alarm, may be used as 
an approximate check on the sensitivity of the re¬ 
ceiver and the correct performance of all tubes. 
If it is found necessary to advance the sensitivity 
control beyond approximately 40 to 50 on the scale, 
it may be inferred that one of the tubes in the radio 
receiver part of the circuit is defective. After a 
little experience with the alarm, using the head¬ 
phones plugged into the jack and by observing the 
operation of the radio relay on incoming signals, 
the operator may reach an approximate determina¬ 
tion as to whether or not the receiver sensitivity is 
normal. In other words, on the average shipboard 
antenna, it should not be necessary to advance the 
sensitivity control to the extreme right in order to 
make the radio relay operate with the average in¬ 
coming signal. 

10. Sensitivity Control Adjustment, A clear 
understanding of the results to be expected from 
various settings of the sensitivity control is neces¬ 
sary in order to adjust this control to the optimum 
or most favorable position. For example, if the 
sensitivity control is turned to the extreme right 
(100 on the dial), or nearly so, it may be found 
that the average noise level and static will cause 
the radio relay to hold over for long periods of 
time, or to chatter or vibrate steadily. When this 
occurs, the adjustment is not a favorable one, for 
not only will the warning light be illuminated fre¬ 
quently, whenever static or noise persists for 3.5 
seconds or more, but also a real alarm signal will 
be more apt to have its dashes prolonged and its 
spaces filled in, with such an adjustment. On the 
other hand, if the sensitivity control is adjusted too 
far to the left, that is toward zero on the scale, 
then only very strong signals will operate the auto 
alarm, and a distress call from a distant ship might 
be missed. The optimum adjustment will be found 
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to be that which gives a reading on the milliammeter 
(with no incoming signals) which is approximately 
one milliampere less than the reading obtained when 
the volume control is at zero. With such an opti¬ 
mum adjustment, the radio relay may close occa¬ 
sionally from short bursts of static or from ordi¬ 
nary code signals. The operator should keep in 
mind that if the sensitivity control is set too high 
the radio relay will vibrate constantly, which is an 
undesirable adjustment. The officers on the bridge 
will have instructions to summon the radio operator 
whenever the warning light on the bridge is illu¬ 
minated for periods of five minutes or more. When 
the sensitivity is set at 100 or maximum, a signal 
strength of approximately 200 microvolts will oper¬ 
ate the auto alarm. At a dial setting of 50 (mid¬ 
scale), a signal of approximately 1000 microvolts 
is required. At 0 setting of the sensitivity control, 
a signal strength of 20,000 microvolts is required. 

11. Faults Which Will Cause Sounding of the 
Alarm Bells. 

(a) False alarm. Accidental static or other in¬ 
terference may occasionally cause the stepping relay 
to advance to its fourth position, which will lock in 
the bell ringing relay and cause the bells to ring 
continuously. Bells will stop when reset push but¬ 
ton is depressed on auto alarm panel. 

(b) Filament burnout. If any one of the vacuum 
tube filaments (heaters) should burn out, or if the 
80-ohm series filament resistor in the power panel 
should burn out, the filament burnout relay on 
the auto alarm panel will have its coil de-energized, 
which will close the back contacts, and cause the 
bells to ring. Bells can only be stopped from ring¬ 
ing by replacing the defective tube, or resistor or 
by opening the master switch. 

(c) Low or high line supply voltage. If the 115- 
volt shipboard supply is reduced to 90 volts, or in¬ 
creased to 130 volts, the line voltage relay in the 
power panel will operate, which will short out the 
coil on the 6-volt relay, causing the bells to ring. 
The bells will continue ringing until line voltage is 
restored to normal or until master switch is opened. 

(d) If the 6-volt battery approaches discharge 
and its voltage falls below about 4.5 volts, the back 
contacts will close on the 6-volt relay, causing the 
bells to ring continuously until a suitably charged 
battery is placed in circuit, or until the master 
switch is opened. 

(e) If the O.S-amp glass fuse on the front panel 
should blow, or if the 6-amp glass fuse on the power 
panel should blow, the bells will ring continuously 
until the fault is corrected, or until the master switch 
is opened. The 0.5-amp glass fuse will blow in 
case of tube shorts or condenser breakdowns in the 
receiver-selector unit. The 6-amp glass fuse will 
blow in the event of shorts in the 6-volt wiring 
inside power panel, or receiver-selector circuits. It 
should be noted, however, that blowing of either 
of the 10-amp, 250-volt, renewable fuses in the 6- 


volt storage battery circuit will not actuate the 
warning bells, because these fuses are connected 
directly to the incoming battery circuit. It is for 
this reason that the separate 6-amp glass fuse is 
provided, as normal internal circuit protection, since 
this fuse will blow before the 10-amp renewable 
fuse. 

12. Operation of Warning Lights. The purpose 
of the warning lights as explained previously is to 
provide a visual indication whenever prolonged 
static or other interference holds the radio relay 
open. After 3.5 seconds, the stepping relay will 
advance one position and remain there as long as 
the interference is continuous. An auxiliary set of 
contacts on the stepping relay will close a circuit 
to the two warning lights to indicate this condition. 
The remedy is to readjust the sensitivity control to 
a slightly lower setting so that the stepping relay 
drops back to its normal or zero position. 

13. Procedure to Be Followed When Alarm Bells 
Ring. 

(a) If alarm bells ring momentarily, then stop 
ringing, and repeat this cycle frequently, the diffi¬ 
culty is most likely due to low, high or variable line 
voltage. Go to the radio room, open the lower door 
and observe the line voltage relay contacts. Also 
measure the line voltage by placing the voltmeter 
switch in position five on the auto alarm panel. If 
the voltage is below approximately 90 volts, it will 
be observed that the line voltage relay “left” contact 
is closed, causing the bells to ring. High line volt¬ 
age (approximately 130 volts) will cause the “right” 
contact to make on the relay, also ringing the bells. 
This condition of low, variable, or high line voltage 
should be brought to the attention of the proper 
ship’s officer. 

(b) Alarm bells ringing continuously. Go to 
the radio room and depress the reset button on the 
auto alarm. If this stops the bells from ringing, 
a pair of phones should be immediately plugged into 
the phone jack to determine if an alarm signal 
has been transmitted by a vessel in distress. If the 
bells do not stop ringing when the re.st button is 
depressed, the fault may be low line voltage, high 
line voltage, low 6-volt battery supply, filament 
burnout, or blown fuses. Filament burnout may be 
immediately determined by placing the voltmeter 
switch in position four, where a reading of 100 
volts or more will be obtained instead of the normal 
reading of approximately 60 volts. A blown one- 
half ampere plate fuse or llS-volt line fuse (6 amp) 
may be quickly determined by observing if any read¬ 
ing is obtained on the voltmeter with the switch in 
position five. No reading will be obtained if these 
fuses are blown. If the 6-volt battery is low, this 
should be checked with the three scale voltmeter 
carried in the radio room as a part of standard 
safety of life at sea equipment. 

(c) When troubles which cause the bells to ring 
continuously cannot be located quickly, it is de- 
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sirable to disconnect the bridge bell and operator's 
bell temporarily to avoid undue annoyance to the 
ship's personnel. This may be done by removing 
the leads which will be found on terminals 32 and 
34 of the power panel. After the trouble has been 
corrected, the operator should make certain that the 
leads to terminals 32 and 34 are firmly reconnected, 
and he should make a test with the bridge and the 
operator's room to insure that the bells are again 
functioning normally. 

14. Log Entries. The following instructions 
with regard to log entries are furnished for the 
convenience of the operator, and are not intended to 
supersede or supplant the official instructions issued 
by the Federal Communications Commission. The 
latest rules and regulations of the Federal Commu¬ 
nications Commission ‘Tart 8—Rules Governing 
Ship Service” should be carefully studied by 
operators: 

(a) While the ship is navigating outside a har¬ 
bor, or port, the auto alarm should be tested at least 
once every 24 hours by means of the test buzzer, 
the timing of the dashes and spaces being made by 
referring to the second hand of the radio room 
clock. A test should also be made to determine that 
the auto alarm, as a whole, is operating in a normal 
manner when receiving signals on 500 kc from 
other stations. A statement that these tests have 
been made should be inserted daily in the radio sta¬ 
tion log. 

(b) Adequate records should be maintained on 
Federal Communications Commission's form 819, 
covering operation of the auto alarm. 

(c) Each time the auto alarm is placed in opera¬ 
tion, a log entry should be made of the date and 
time, the sensitivity control setting, and the mini¬ 
mum number of four second dashes from the test 
buzzer which were necessary to properly operate 
the alarm. A log entry should also be made of the 
time when the auto alarm is taken out of operation. 

(d) A log entry should be made whenever the 
warning light on the bridge remains actuated for a 
continuous period of five minutes, including particu¬ 
lars as to the time the operator was called to make 
the necessary repairs or adjustments, any reason for 
the failure, the names of any parts removed, added 
or substituted, repairs affected, and the time the 
alarm was restored to proper operating condition, 

(e) A log entry shall also be made whenever the 
auto alarm becomes inoperative due to causes not 
indicated by the warning light or the bells, or when¬ 
ever the bells are actuated. This entry shall include 
a statement showing the time the operator was called 
to make any necessary repairs or adjustments, the 
reasons for the warning bell being actuated, or fail¬ 
ing to be actuated, any parts removed, added or sub¬ 
stituted, repairs affected, and the time the auto 
alarm was restored to proper operating condition. 

15. General Maintenance and Repairs at Sea. If 


normal operation of the auto alarm cannot be ob¬ 
tained, the radio operator should proceed as follows: 

Important: Do not remove relay cover or oven 
cover on the auto alarm panel, or work with tools 
around any of the parts unless the master switch is 
in the “off" position. 

(a) Check with three-range radio room voltmeter 
to determine if the 115-voIt line voltage and 6-volt 
battery power exists across the appropriate input 
terminals on the power panel. If correct readings 
are obtained, make similar measurements across the 
proper terminals of the receiver-selector unit. 

(b) Make certain that all leads on the terminal 
blocks are tight and making good connections. 

(c) Relay contacts should be checked and cleaned, 
if necessary, to insure proper contact. To clean 
contacts use the special burnishing tool which is 
furnished, taking care not to remove too much con¬ 
tact material with the burnisher. 

(d) If defective tubes are suspected, they should 
be replaced one at a time, starting with the 6A8 
tube, always returning good tubes to the same socket 
from which they were removed. This will avoid 
confusion in locating a defective tube. Type 1611 
tubes may be checked for emission by placing them 
successively in the second socket from the left in 
the lower row of tubes. This is the radio relay 
lube socket and the plate current of this tube may 
be read by the milliammctcr with the switch in 
position number four. Normal tubes with 115 volts 
line should show a plate current with no incoming 
signal of approximately 9 ma. When checking 
tubes all tube sockets must be filled, otherwise bells 
will ring. 

(c) Each selector circuit may be checked by send¬ 
ing a test signal through the auto alarm and suc¬ 
cessively placing the ‘‘current” switch in position 1, 
2 and 3. In position 1, after a long dash, a current 
of approximately 8 to 10 ma will be obtained. In 
position 2, after a long dash, a similar value will 
be obtained. To check selector number 3, place the 
switch in position 3, send a 4-second dash with the 
test buzzer, and then observe after about 5 seconds 
that the meter reads momentarily a value of approxi¬ 
mately 6 ma. The third selector tube shuts off its 
own plate current after it checks a space and for 
this reason only a momentary meter reading will 
be obtained. 

(f) It is possible to check various voltages on 
the power panel and on the various component units 
back of the auto alarm panel by referring to circuit 
diagram, and by using the three-range voltmeter 
which is carried in the radio room. Such a voltage 
analysis will enable the operator to determine if 
open circuits or poor connections exist in various 
parts of the circuits. 

(g) The switch contacts on the master switch 
should be checked occasionally to insure that they 
are making good connection, removing any*corro- 
sion or oxidation which may have taken place. 



584 


RADIO MANUAL 


(h) Normal operation of the oven heater will 
be indicated by intermittent operation of the amber 
pilot light. This pilot light is provided to enable 
the radio operator to determine that the oven circuit 
is operating normally whether or not the auto alarm 
is on watch. 

(i) If for any reason the auto alarm 6-volt bat¬ 
tery becomes discharged the operator should substi¬ 
tute one of the radio room 6-volt storage batteries 
temporarily. The auto alarm battery “should then 
be placed on charge from the standard radio room 
“A” battery charger. The auto alarm master 
switch is arranged to place the 6-volt battery on 
charge at a rate of approximately 2 amp whenever 
the master switch is in position 3. This charging 
rate is sufficient to keep the alarm battery fully 
charged if the alarm is ‘‘on watch” for a period of 
18 hours daily. In other words, 6 hours charging 
in each 24 hours will keep the battery in good con¬ 
dition. If cither battery charging resistor should 
become defective, replace it with the spare 100 ohm 
unit that is furnished. 

(j) When replacing the 9-volt “C” battery, make 
certain that the green lead connects to the positive 
terminal and the yel-black lead to the positive ter¬ 
minal. No current is taken by the “C” battery; 
therefore, if early “C” battery replacement is neces¬ 
sary, look for shorts or leakage. A voltmeter con¬ 
nected in series with one of the “C” battery leads 
should show no reading for normal operation. 

(k) If plate current is obtained through each 
selector relay as explained under (e) above, and 
the stepping relay does not operate, inspect the con¬ 
tacts on the selector relays in the oven. Remove 
oven cover screws and carefully withdraw the oven 
cover straight out to prevent breakage of the ther¬ 
mometer. Relay contacts may now be examined 
and cleaned if necessary. (Temporary removal of 
right-hand .stay hinge is necessary for this operation.) 

(l) Note that the 6-volt storage battery has two 
fuses in the positive side of the circuit, a 6-amp 
glass fuse and also a 10-amp renewable fuse. Short 
circuits in the 6-volt circuits in the auto alarm will 
normally cause the 6-amp glass fuse to blow. This 
arrangement allows the warning bells to ring when 
the 6-amp fuse is blown. All three battery fuses 
should be inspected in case of trouble. Always use 
the specified rating when replacing fuses. 

(m) The line voltage relay will also cause the 
bells to ring if the polarity of the 115-volt shipboard 
line is reversed. The voltmeter on the receiver- 
selector unit in switch position 5 will also indicate 
this condition by reading in the reverse direction. 

16. Typical Readings of Current and Voltage for 
Normal Auto Alarm Operation. The following 
readings are based on an average line voltage of 
115 volts. Other line voltages will give slightly 
different readings. 


Current Switch: 

Position 1 —First selector relay closes at approxi¬ 
mately 4 to 6 ma. 

Position 2 —Second selector relay closes at ap¬ 
proximately 5 to 7 ma. 

Position 3 —Third selector relay closes momen¬ 
tarily at approximately 5 to 7 ma. 

Position 4 —Signal relay plate current is approxi¬ 
mately 9 ma with no incoming signal. With 
signals, lower values, down to zero, will be 
obtained. 

Position 5 —Not used. 

Voltmeter Switch: 

Position 1 —Voltage regulator tube output 57 
volts. 

Position 2 —Grid bias on selector tubes 1 and 2, 
34 volts (approx.). 

Position 3 —Grid bias on third selector tube, 34 
volts (approx.). 

Position 4 —Heater voltage 60 volts. 

Position 5 —Reads ship’s line voltage (less 2 
volts drop in r-f filter chokes). 

When going off watch the operator should always 
leave the “current” switch in position 1 and the 
“voltage” switch in position 5. If the current 
switch is left in position 4, the milliammeter will 
follow all incoming signals, causing unnecessary 
wear and tear on the instrument. 

17. Testing Auto Alarm Under Seiwre Static 
Conditions. Occasionally when static is very severe 
the sensitivity control cannot be advanced far 
enough to permit the test buzzer to acutate the re¬ 
ceiver without causing the radio relay to “block” 
from the static. To test the alarm under these 
conditions, place a temporary short circuit between 
the antenna terminal and ground. After the test, 
the short circuit should be removed and the sensi¬ 
tivity control adjusted to optimum for the prevailing 
noise level. 

18. Understanding Selector Action by Ohsennng 
Relays. 

(a) Transmit “V”s or other code signals with 
test buzzer. Radio relay will follow keying and 
milliammeter in position 4 will show a lower reading 
each time buzzer is operated. No other relays will 
operate. 

(b) Transmit one four second dash. Radio relay 
will operate instantly and after 3.5 seconds number 
1 selector relay in oven will close, auxiliary relay 
will close, “notch” coil will be energized and step¬ 
ping relay will advance one position. This checks 
if dash is long enough. 

(c) Transmit one dash of 5 seconds or more. 
Same action as under (b) above will take place, and 
in addition number two selector relay in oven will 
close and “restore” coil on stepping relay will be 
energized. When long dash is broken, stepping 
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relay will return to zero or normal position. This 
checks overlong dashes. 

(d) Transmit one four second dash to advance 
stepping relay one position and then break this dash. 
After approximately 5 seconds, ‘Restore” coil will 
click and stepping relay will return to zero. This 
checks spaces. 

(e) Transmit four correct 4-second dashes sepa¬ 
rated by 1-second spaces and watch the stepping 
relay move up with each dash, finally causing the 
bell ringing relay to lock in when the fourth dash 
is broken. Note that each dash, including the 
fourth dash must be followed by a space to lock in 
the bell ringing relay. If the fourth dash (or any 
other dash) is too long, the “restore” coil is ener¬ 
gized on the stepping relay. 

13-21. RMCA Model AR-8651 Alarm Signal 
Kcyer (Component of 4U Radio Unit) —These 
instructions cover the description, operation, and 
maintenance of the Radioniarine model AR-8651 
alarm signal keycr. 

1. Description. The AR-8651 alarm signal keycr 
is designed primarily for use in the radio room of 
passenger or cargo vessels for the purpose of auto¬ 
matically “keying” radiotelegraph transmitters with 
the International Automatic Alarm Signal. This 
alarm signal, fundamentally, consists of a series of 
dashes and spaces, each dash having a duration of 
four seconds, while the spaces between each dash 
have a duration of one second. I'herefore, it may 
be said that the basic alarm signal “cycle” has an 
overall duration of five seconds^ since it consists of 
a four-second dash and a one-second space. 

Present day automatic alarm receivers (not to 
be confused with the alarm signal keyer covered 
here) are designed to actuate warning bells after 
correctly receiving four alarm signal “cycles.” 
Some foreign vessels use three “cycle” alarm receiv¬ 
ers. However, to allow for the effects of static, 
interference, etc., the Alarm Signal should be trans¬ 
mitted for a period of at least 60 .seconds (12 cy¬ 
cles). If necessary, the alarm signal may be trans¬ 
mitted for longer periods in order to summon aid, 
with due regard on the part of the radio operator 
to listen after transmitting each 60-second group 
of signals. 

In the past, customary procedure for “timing” 
the alarm signal has been by means of manual opera¬ 
tion wherein the radio operator closes and opens the 
normal telegraph key by referring to a sweep second 
hand clock in order to transmit four second dashes 
and one second spaces. While the installation of 
an alarm signal keyer does not relieve the radio 
operator of the responsibility of transmitting the 
alarm signal (subject to the direction of the mas¬ 
ter), either automatically or by hand, it will be 
apparent that greater accuracy of “timing” can be 
obtained with a properly designed automatic device. 

The basic requirements of the Federal Communi¬ 


cations Commission for an automatic alarm signal 
keying device are as follows: 

(a) The device shall be designed so as to properly 
operate, on board ships at sea, the normal keying 
circuits of any transmitter approved by the Com¬ 
mission for use as a main or as an emergency trans¬ 
mitter in compliance with Section 354 of the Com¬ 
munications Act of 1934, as amended. 

(b) Timing-adjustment controls shall not be ac¬ 
cessible from the exterior of the device and shall 
be designed and housed so as to prevent adjustment 
by unauthorized persons. 

(c) The keying mechanism shall operate so as 
to repeatedly transmit the International Automatic 
Alarm Signal. For this purpose the dashes trans¬ 
mitted shall have a duration within the limits of 
3.8 to 4.2 seconds, and spaces between each of the 
twelve dashes constituting a series shall have a 
duration within the limits of 0.8 to 1.2 seconds. 
Spaces between each scries of twelve dashes shall 
have a duration within the limits of 0.8 seconds td 
one minute. 

(d) A single control, protected so as to avoid 
accidental manipulation, shall be provided for plac¬ 
ing the device itself into full operation within a 
maximum period of 30 seconds. Once set into 
operation, the device shall be capable of continuously 
and properly operating without further attention for 
a period of not less than one hour. 

(c) The automatic-alarm-signal keying device 
shall be capable of being energized solely by a 
source of power independent of the propelling 
power of the ship and independent of any other sys¬ 
tem; provided, however, that the device may be 
energized by the radio station emergency power 
supply and any storage battery power supply regu¬ 
larly used for operating a required automatic alarm 
receiver. 

(f) When the proper operation of the device is 
dependent upon the maintenance of any inherent 
conditions of operation within relatively narrow 
limits, the Commission, as a provision of its ap¬ 
proval, may prescribe such limits and require that 
the device shall include means for indicating to the 
operator when deviations from these conditions 
occur. 

(g) Instructions concerning the proper adjust¬ 
ment of the device and the correct indication of any 
instrument incorporated for the purpose of reveal¬ 
ing improper operation, shall be inscribed in a 
durable manner on a plate mounted on the device in 
a position to be easily read by the operator. 

(h) Means shall be provided to insure that when 
the “On-Off” control of the device is placed in the 
“Off” position, the keying circuit to the radio trans¬ 
mitter (s) is automatically opened. 

The AR-8651 keyer is designed for “panel” or 
“cabinet” mounting. A front panel with a clear 
plastic window permits observation of the motor 
driven timing cam and keying relay. Internal rub- 
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her shock mounts protect the vibrator, synchronous 
motor and other components from shipboard vibra¬ 
tion. A 0~1S volt d-c voltmeter is used to read the 
12-volt battery input to the keyer. A toggle type 
OFP-ON switch, recessed to prevent accidental clo¬ 
sure, is mounted on the front panel. Fuses in the 
12-volt battery input are panel mounted and may be 
conveniently replaced by unscrewing the insulated 
caps. Complete operating instructions are provided 
on the panel. 

The principles of operation of the AR-86S1 alarm 
signal keyer may be explained by referring to the 
schematic circuit diagram (Figure 13-25). The 
power source of the unit is 12 volts d.c,, which is 
obtained from the radio station 12-volt emergency 
storage battery. The maximum current required 
from the 12-volt battery by the AR-8651 is approxi¬ 
mately one ampere. If the AR-86S1 is operated for 
a period as long as one hour, it will not consume 
more than one ampere-hour from the battery, and, 
therefore, does not appreciably affect the normal 
six-hour rating of the emergency battery. 

When the off-on switch (S902) is placed in the 
ON position, this connects the 12-volt power source 
to the vibrator unit (K902)' and the battery volt¬ 
meter (M901). The vibrator unit is a special 
device with a vibrating reed and polarity changing 
contacts designed to operate at a frequency of 60 
cycles per second. The reed is maintained in vibra¬ 
tion by means of the vibrator coil and contact as¬ 
sembly. A O.S-/i,f condenser (C902), connected in 
series with a 10-ohm resistor (R901), is shunted 
around vibrator coil contacts to minimize sparking. 
The vibrator unit has a six-prong base which fits 
into a six-prong standard socket. A removable 
bracket is provided above the top of the vibrator 
unit to hold it in its socket. 

The polarity changing contacts on the vibrator 
unit, in conjunction with the 20-^f power-factor- 
correction condenser (C901), deliver a 60-cycle 
voltage (approximately 22 volts) to the coil of the 
synchronous motor (B901). The armature in this 
motor rotates at a synchronous speed of 3600 rpm. 
The motor is provided with built-in gearing so that 
the speed of the motor shaft pinion is 60 rpm. This 
pinion then drives a large gear to which is attached 
the timing cam. This gear and cam assembly rotate 
at a speed of 12 rpm (one revolution in five second). 
The periphery of the cam is designed so that during 
four-fifths of a revolution (four seconds) the micro 
switch (S901) is closed, while for the remaining 
one-fifth of a revolution (one second) the micro 
switch contacts are open. 

The contacts of the micro switch (S901) are 
equivalent to single-pole single-throw, and are used 
to control the coil of the keying relay (K901). 
Energy for the keying relay coil is obtained from 
the basic 12-volt d-c input to the device. 

The keying relay (K901) has two electrically 
independent pairs of contacts (DPST), one pair of 


contacts is connected to terminals 3 and 4 while 
the other pair are connected to terminals S and 6. 
Therefore, on vessels which use separate emergency 
and main transmitters, the AR-86S1 may be perma¬ 
nently connected to ''key” either transmitter without 
additional switching. In the case of vessels with a 
combination main-emergency transmitter (single 
transmitter), terminals 5 and 6 would normally not 
be used. 

The sequence of operations of the AR-8651 may 
be summarized as follows: Closing the off-on 
SWITCH starts the vibrator which produces 60 cycle 
output, which in turn energizes the synchronous 
motor and starts the cam in motion. The cam 
opens and closes the contacts of the micro switch 
which in turn energizes the keying relay, and the 
contacts on the keying relay then keys the radio 
transmitter or transmitters as required. 

The battery voltmeter on the AR-8651 is pro¬ 
vided with a pair of red marks, the lower one at 
10 volts and the upper one at 14.5 volts. The keyer 
will operate satisfactorily so long as the supply 
voltages are within these limits. 

2. Operating Instructions, Transmit alarm sig¬ 
nal, when authorized by master, as follows: 

(a) Place 12-volt emergency battery on dis¬ 
charge, using switching facilities normally provided 
on emergency transmitter or emergency battery 
panel. 

(b) Start up main transmitter on 500 kc, if ship’s 
power is alive. Otherwise start up emergency 
transmitter on 500 kc on battery power. Be sure 
antenna is connected, press regular key and adjust 
transmitter for maximum 500-kc antenna current. 
Use A2 (modulated) emission. Do not lock tele¬ 
graph key. 

(c) Now place alarm signal keyer switch in 
the ON position and let keyer run for about 90 sec¬ 
onds. Then turn keyer off and listen on receiver 
for answering vessel. Repeat keyer operation as 
often as necessary. 

(d) When keyer is on, check that relay inside 
operates and that voltmeter reads between red 
marks. Also note that antenna meter on transmitter 
is being “keyed.” 

(e) Keyer must be off when using telegraph key 
for SOS or for “manual” keying of alarm signal 
or for traffic. 

(f) Familiarize yourself with this routine before 
an emergency. Test keyer each day with trans¬ 
mitter shut down (to avoid actual transmission of 
alarm signal). 

(g) Failure of any component part in the AR- 
8651 will be disclosed by nonoperation of the keying 
relay. In such cases, manual timing of the alarm 
signal with the radio room clock should be em¬ 
ployed and the normal telegraph key should be used. 

3. Maintenance, The over-all operation of the 
AR-8651 keyer should be given a routine check 
once each 24 hours with the radio transmitters not 
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in operation. It will be apparent that complete 
overall operation of the keyer and the transmitter 
cannot be undertaken, as this would cause trans¬ 
mission of the alarm signal. 

The daily routine test should consist of turning 
on the keyer only and allow it to operate for ap¬ 
proximately one minute. Note that the cam and 
micro switch roller operate freely, and that the 
keying relay opens and closes in synchronism with 
the movement of the cam. If no operation is ob¬ 
tained, check each of the 6-amp glass fuses inside 
the unit and also the external ^ 10-amp cartridge 
fuses in the fuse box. Normal operation of the 
vibrator unit results in an audible hum. 

The contacts on the keying relay are made of 
silver and will ordinarily require no maintenance. 
If tests disclose poor contact, care should be taken 
not to clean the silver contacts with sandpaper or 
steel files. Contacts should be cleaned with alcohol 
or carbon tetrachloride and, when necessary, bur¬ 
nished with a relay contact burnisher or small strip 
of clean steel. 

No lubricant should be applied to the driving 
pinion, the large cam gear, the cam or the roller 
on the micro switch. The synchronous motor itself 
is provided with sufficient lubricant scaled inside 
the case for the internal gearing of the motor. 

The overall timing accuracy of the AR~86S1 may 
be checked approximately once each three months, 
or whenever faulty operation is suspected, by carry¬ 
ing out the following procedure. 

Each time the keying relay doses an audible 
“thump” can be heard. When the relay opens a 
“click” of lower audibility may be heard, but this 
“click” is to be ignored. Now it will be apparent 
that during every five second complete cycle (one 
cam revolution), there will be heard one relay 
“thump.” Therefore, if the keyer is allowed to 
operate for an exact period of 120 seconds (24 
alarm cycles), there will be heard 24 “thumps.” 

Start the keyer and observe the second hand of 
the radio room clock. Wait until the second hand 
approaches zero on the clock and listen carefully 
for the relay “thump,” and at that instant note the 
position of the second hand. Then count the next 
relay “thump” as one. Continue to count each 
“thump” of the relay until 24 “thumps” have been 
heard. At the instant of hearing the 24th “thump,” 
note the time from second hand of the clock. This 
time should indicate 120 seconds, plus or minus two 
seconds from the initial starting time. 

As an example of the procedure outlined in para¬ 
graph above assume the first relay “thump” (the 
one not counted) is heard when the second hand of 
the clock is at four seconds. Counting is then 
begun and when the 24th counted “thump” is heard, 
the second hand will have made approximately two 
complete revolutions and will read 2, 3, 4, 5 or 6 

2 Not used in model 4U. 


seconds at the instant when the 24th “thump” is 
counted. On the other hand, if the 24th “thump” 
is observed to occur at a point on the clock lower 
than the two second mark, this indicates that the 
“timing” is too fast, while if it occurs at higher 
than the six second mark, this means that the “tim¬ 
ing” is too slow. If a replacement vibrator does not 
give correct “timing” within the specified tolerance 
of plus or minus two seconds, the unit should be 
returned to a radiomarine service station for repair. 

The over-all accuracy of the “timing” check out¬ 
lined above may be explained in the following 
manner: In a 120 second test, an overall error of 
plus or minus two seconds is equivalent to an error 
in “timing” of only 1.67 percent. The primary pur¬ 
pose of this overall “timing” check is, of course, to 
verify that the vibrator and motor operation is 
normal. The “relative” accuracy of the dashes and 
spaces is determined by the cam itself, and the ad¬ 
justment of the roller actuated by the cam. These 
adju5tments are very carefully made and locked at 
the factory and should not be tampered with. How¬ 
ever, m the event of major repairs or replacements, 
the procedure outlined in the following paragraph 
should be carefully observed. 

Remove chassis dust cover which encloses the 
motor, relay, cam and micro switch assembly. Re¬ 
move acorn lock-nut which will expose a hexagon 
head nut underneath. Now rotate the cam by hand 
until the roller attached to the micro switch arm 
is over the “low” surface of the cam. This is the 
surface which occupies four-fifths of the total cam 
periphery. If the roller arm adjustment is correct, 
it will be observed that the roller just hardy touches 
or almost touches the cam. In no case should there 
be any appreciable pressure on the roller arm, nor 
should there be a clearance between the cam and the 
roller of more than .002 inch. If it is found nec¬ 
essary to readjust, loosen the locknut, which allows 
the micro switch to be rocked slightly, in order to 
set the roller with respect to the cam. Then care¬ 
fully tighten the locknut, replace the protective 
acorn nut and observe the adjustment once more. 
The basic principle to be kept in mind is that the 
micro switch contacts must be closed when the 
roller is over the “four-fifths section” of the cam. 
Then, as the cam rotates so that the high section or 
one-fifth portion engages the roller, the micro switch 
contacts will open. It will be apparent that if the 
roller arm is set up so close to the four-fifths sec¬ 
tion of the cam, there will be excessive pressure 
on the roller arm which may keep the micro switch 
contacts permanently open. On the other hand, if 
the roller is adjusted too far away from the cam, 
this may result in failure of the contacts to open 
when the roller is on the one-fifth section of the 
cam. Accordingly, when the roller is set correctly 
as outlined above, normal operation and accurate 
“timing” of dashes and spaces will occur. Always 
replace dust cover after making any adjustments. 
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Important: When making any of the adjustments 
outlined in this section for ''timing,” it is important 
that the supply voltage be not less than 12 volts. 

lS-3. RMCA Model ET-8010~C 200-watt Ra¬ 
diotelegraph Transmitter— The ET-801O-C ra¬ 
diotelegraph transmitter is designed primarily for 
marine applications where a compact medium power 
transmitter is required. The design of this equip¬ 
ment embodies several features not heretofore avail¬ 
able, such as quick selection of operating frequen¬ 
cies, plate modulation of the power amplifiers for 
A2 emission (modulated telegraphy), and the use of 
high efficiency iron core Litz inductances. 

1. Rating. The transmitter is designed to deliver 
200 watts or more to a standard 750-ju./Af, 4-ohm 
antenna, modulated at least 70 percent, for modu¬ 
lated telegraphy (A2) and 160 to 200 watts for 
continuous wave transmission (Al). 

2. Frequency Range, The design permits the set 
to be pre-tuned to any eight frequencies in the band 
350 to 500 kc (857 to 600 meters). The actual 
operating frequencies for which the transmitter is 
tuned appear on the frequency switch and in case 
it is desired to set up the transmitter for different 
frequencies within the specified range, removable 
nameplates are provided. Nameplates are available 
for the following frequencies: 355-375-400-410- 
425-454-468-500 kc. For ordinary service the 
transmitter is usually tuned to 355, 375 and 500 kc 
and five additional working frequencies within the 
band. The transmitter is designed for crystal con¬ 
trol or master oscillator control of frequency. To 
change to crystal control, it is merely necessary to 
remove a small capacitor ana place the crystal hold¬ 
ers on the mounting board provided. 

3. Vacuum Tubes. Four tubes are used in the 
transmitter. The master or crystal oscillator uses 
one 807 tube. The buffer amplifier stage also uses 
one 807 tube. The power amplifier utilizes two 
UV-211 tubes in parallel. 

4. Power Supply, The transmitter is designed 
for 115 volts d.c. or 230 volts d.c., and the appro¬ 
priate motor generator set for the line supply volt¬ 
age is included as part of the equipment. The 
motor generator set is a three-unit two-bearing ma¬ 
chine, consisting of a d-c motor with slip rings for 
filament supply, a 1200-volt d-c generator for plate 
supply and a 500-cycle alternator for modulated 
telegraphy (A2). For 115-volt d-c supply the 
motor generator set is rated as follows: Motor— 
type LF/53, 110 volts, 11 amp d.c., 2500 rpm with 
slip rings to deliver 75 volts, 1.33 amp, at 83 cycles. 
High voltage generator, 1200 volts, ,45 amp d.c., 
alternator 110 volts, 1.59 amp at 500 cycles. The 
230-volt motor generator set is rated the same as 
the 110-volt unit, except for the motor which is 
rated 240 volts, 5 amp d.c. with slip rings to deliver 
165 volts, .6 amp at 83 cycles. A-c drive motor 
generator may be supplied in special cases. 


5. Type of Circuit. The transmitter utilizes a 
master or crystal-oscillator buffer-amplifier power- 
amplifier circuit with plate modulation on the power 
amplifier tubes through a modulation transformer 
for A2 or modulated telegraphy. The oscillator cir¬ 
cuit contains eight small adjustable inductances for 
the eight spot frequencies. These coils are wound 
with Litz wire and have an adjustable iron core 
for varying inductance. A similar circuit arrange¬ 
ment is used for the buffer and power amplifiers. A 
special five-pole eight-position switch is used to 
select the appropriate circuits for the eight spot 
waves. The power amplifier is coupled to the an¬ 
tenna circuit by means of relatively high capacity 
condensers which are in series with the power am¬ 
plifier tank circuit so that a minimum amount of 
harmonic power is transferred to the antenna sys¬ 
tem. The antenna circuit is tuned by means of a 
variometer and a tapped loading coil, the taps being 
automatically selected by the frequency switch. 
Break-in operation is provided by means of a spe¬ 
cial break-in relay. The schematic circuit is shown 
in Figure 13-26. 

6. Antenna Characteristics. The transmitter is 
designed to cover the specified frequency range of 
any antenna whose characteristics fall between 500 
and 1500 fifii with a resistance of 4 to 10 ohms. 

7. Transmitter Adjustments. The transmitter is 
normally adjusted at the factory for the following 
frequencies: No. 1—355, No. 2—375, No. 3—400, 
No. 4-410, No. 5—425, No. 6—454, No. 7—468, 
No. 8—500 kc. The numbers one to eight corre¬ 
spond to the crystal mounting positions, the oscil¬ 
lator variable inductance adjustments, the buffer 
amplifier inductance adjustments and the power 
amplifier trimmer inductance adjustments. All of 
the above circuits are tuned from the right side of 
the vertical sub-panel which is made accessible by 
removing the right side panel of the transmitter. 
Two meter links are provided so that milliammeters 
may be inserted in the oscillator and buffer amplifier 
plate circuits. These links consist of two binding 
posts with a strap normally connected between them 
which is to be removed when metering and re¬ 
placed after all adjustments are made. Each link 
is suitably marked. The meter used for the oscil¬ 
lator link need be no larger than 15 ma and should 
not be so large that it is difficult to read small 
changes in the order of one milliampere. 7'he 
milliammeter used for the buffer amplifier plate cur¬ 
rent link should be approximately 0-100 ma range. 
The main plate current meter on the front panel 
reads all plate currents but since the oscillator and 
buffer plate currents are relatively low this meter 
conveniently indicates proper power amplifier plate 
circuit resonance. The transmitter is normally ad¬ 
justed for the afore-mentioned frequencies using the 
oscillator as a master oscillator. If any changes are 
necessary from the frequencies to which the trans- 
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mitter is normally tuned, the following procedure 
should be used. 

(a) Disconnect antenna from transmitter and re¬ 
move both right and left side panels. 

(b) Couple the pick-up coil of the frequency 
meter as loosely as necessary to the power amplifier 
tank inductance. 

(c) Loosen all the locking nuts on the threaded 
rods extending through the vertical sub-panel for 
the frequency to be readjusted. 

(d) Turn the plate voltage rheostat to the ex¬ 
treme counterclockwise position so that the gener¬ 
ator voltage is about 700 volts. 

(e) Adjust the filament voltage to 10 volts. 

(f) Assume the 454 kc setting is to be adjusted. 
These are the No. 6 adjustments in the various 
stages. Connect milliammetcrs in the oscillator and 
buffer plate circuits. Disconnect the filament lead 
to the power amplifier tubes by temporarily remov¬ 
ing the wire nearest the left-hand side of the set 
which goes to the filament terminals on the sockets. 
This enables the plate filament capacitance of the 
power amplifier tubes to remain in the circuit when 
adjusting the buffer, but prevents power amplifier 
plate current flow and unloads the buffer so that a 
sharp dip is obtained when adjusting the buffer. 
Adjust the plate voltage to approximately 700 volts. 
Now, if the set is master oscillator controlled, ad¬ 
just the iron core in the oscillator coil until the cor¬ 
rect frequency is obtained. If the set is crystal 
controlled, adjust the iron core in the oscillator 
until you get a single dip with an oscillator plate 
current of about 5 ma. If more than one dip is 
observed, with crystals, the plate current will be 
considerably higher than 5 ma, which is an indica¬ 
tion that the iron core is greatly beyond its correct 
position. After the correct dip is determined in the 
oscillator, move the core screw counterclockwise 
about one-quarter to one-half turn, which will raise 
the oscillator plate current one or two milliamperes 
higher than minimum. Next adjust the iron core 
in the buffer stage for a true minimum, which will 
be between S and 10 ma with 700 plate volts. Now 
reconnect the power amplifier filament circuit per¬ 
manently, disconnect the antenna, and tune the 
power amplifier iron core for minimum plate cur¬ 
rent, which will be about 60 to 80 ma on the panel 
plate ammeter with 700 plate volts. Connect an¬ 
tenna, raise plate voltage to its normal full-power 
value and tune antenna for maximum antenna cur¬ 
rent. If it is necessary to change the value of the 
antenna coupling condensers to load out the power 
amplifier properly, keep in mind that a change in 
antenna coupling capacitance de-tunes the power 
amplifier tank slightly and, therefore, the power 
amplifier iron core should be readjusted for a true 
minimum with antenna disconnected, each time the 
antenna coupling capacitance values are changed. 

In the case of master oscillator sets, when check¬ 
ing the beat note, the note will, of course, change 


continuously whenever the oscillator iron core is 
moved. In checking for stability of crystal- 
controlled sets, with the correct oscillator adjust¬ 
ment the note will not change perceptibly when the 
core is properly adjusted. With crystals, if the core 
is moved clockwise the crystal will lose control and 
the circuit will act as a master oscillator, while if 
the core is moved counterclockwise the crystal will 
“lock in” and then if the core is moved slightly more 
counterclockwise the keying should be clean and 
crystal controlled. 

(g) The antenna coupling condensers are five 
units mounted to the right of the break-in relay. 
From top to bottom, these condensers are: UC-3070 
.001 fii, UC-3053 .002 fxi, UC-3037 .004 /^f, UC- 
3029 .005 fii, and UC-3276 .012 fii. The lower, 
or UC-3276, condenser must always be connected 
in circuit. Vatious combinations of the remaining 
four capacitors are used to match the antenna re- 
sistan:e If the transmitter, when loaded into the 
antenna, shows more than approximately .45 amp 
plate current, additional coupling capacity should be 
connected in circuit. Keep in mind that, whenever 
the coupling capacitors are connected in a different 
manner than that received from the factory, it is 
necessary to reresonate the power amplifier tank 
circuit as outlined under paragraph (f). 

(h) The antenna variometer has four stator taps. 
Counting from the rotor we refer to the taps as 
No. 1, No. 2, No. 3 and No. 4. When the trans¬ 
mitter leaves the factory these stator taps are termi¬ 
nated to the selector switch points necessary for an 
average antenna of 750 ^x^f and 4 ohms. Should 
the antenna characteristics be very different from 
the above values it will be necessary to change the 
connections from the antenna variometer to the 
selector switch. The proper connections are indi¬ 
cated in the following table. 


SOO-fifiF Antenna Capacitance 



500 

kc 

468 

kc 

454 

kc 

425 

kc 

410 

kc 

400 

kc 

1 

355 

kc 

Antenna variom¬ 

2 

2 

3 

3 

3 

3 

3 

4 

eter tap number 

or 

or 



or 

or 

or 



3 

3 



4 

4 

4 



ISO-hijlf Antenna Capacitance 


Antenna variom¬ 
eter tap number 

2 

2 

1 

2 

3 

3 

3 

1 

3 

3 

4 

IOOO-mmf Antenna Capacitance 

Antenna variom- 

2 

2 

2 

2 

2 

3 

3 

4 

eter t^ number 




or 

3 

or 

3 





Always use lowest tap number that allows enough 
range on the “antenna tuning” dial for changes in 
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antenna characteristics. A spare piece of copper 
tubing for connecting the variometer stator tap to 
the switch is provided and will be found tied to the 
wood supports of the antenna variometer on the 
upper left side of the transmitter. 

(i) The inductance section of the power ampli¬ 
fier plate circuit is composed of a main coil with 
taps and provided with an iron core which is ad¬ 
justed at the factory, together with eight trimmer 
inductances, any one of which may be inserted in 
series with the main coil, depending upon the posi¬ 
tion of the frequency switch. The main power am¬ 
plifier tank coil is mounted vertically at the rear of 
the P.A. tubes. The adjustment of the iron core 
for this coil is made at the factory and there should 
be no occasion to change it. With the left side 
panel removed, it will be observed that the main 
power amplifier tank coil is provided with six taps. 
The lower end of this coil connects to the antenna 
coupling condensers, while the taps connect to the 
various trimmer inductances. The No. 1 trimmer, 
for 355 kc, connects to the top terminal of the main 
tank coil. The No. 8 trimmer connects to the sec¬ 
ond tap from the bottom end of the main tank. The 
five working wave P.A. trimmers connect to the 
main coil (item 44) as shown in Figure 13-26. 

The range of the power amplifier trimmer induc¬ 
tances, when connected to the main taps of the main 
power amplifier tank coil, is as follows. No. 1 
trimmer inductance connects to tap No. 6 (total 
coil), 350-375 kc. No. 2 trimmer inductance con¬ 
nects to tap No. 5, 375-400 kc. No. 3, No. 4, and 
No. 5 trimmer inductances connect to tap No. 4, 
400-450 kc. No. 6 and No. 7 trimmer inductances 
connect to tap No. 3, 450-470 kc. No. 8 trimmer 
inductance connects to tap No. 2, 470-510 kc. 

The number of turns on the main tank coil corre¬ 
sponding to the taps as mentioned above are, count¬ 
ing from the top of the coil: 

Tap No. 6, entire coil, 41 turns. 

Tap No. 5, 28 turns. 

Tap No. 4, 19 turns. 

Tap No. 3, 12 turns. 

Tap No. 2, 6 turns. 

The power amplifier neutralizing condenser is 
set and locked at the factory, and uses approxi¬ 
mately four-fifths of its maximum capacitance. 

(j) If the ship’s radio receiver is used to check 
the note, and overload of receiver due to a strong 
signal makes this difficult, it is suggested that the 
receiver be tuned to one-half the frequency of the 
transmitter. For example, if 500 kc is being 
checked, tune the receiver to 250 kc. This will 
enable the second harmonic of the receiver to beat 
the transmitter fundamental frequency and will 
avoid receiver overload. 

8. General Instructions. 

(a) Do not exceed 1200 volts or .45 amp plate 
input. 


(b) Always keep the filament voltage adjusted to 
10 volts. 

(c) Keep all shields of transmitter fastened 
tightly to frame. 

(d) Keep break-in relay contacts adjusted with 
minimum clearance for best keying. When this 
relay is properly adjusted, no sparking should occur 
on the right pair of antenna contacts and only slight 
sparking should be observed on the left pair or 
power contacts. Make sure that the lower con¬ 
tacts, which connect the antenna circuit to the re¬ 
ceiver, are always open when the relay coil is 
energized. 

(e) Keep the transmitter and motor generator 
free from dust and oil. Occasional dusting of the 
transmitter and all nameplates on the panel will 
help maintain new appearance. The isolantite 
switches in the tank circuits and antenna circuits 
should be cleaned about every six months from accu¬ 
mulations of dirt and dust which might cause flash- 
over. Do not use any form of polish on chromium 
trim or nameplates. 

9. Note on Installing Crystal. Crystal holders 
should be installed on the mounting board so that 
the RCA monogram on the holder is nearest the 
front panel or the left side panel. 

If a total of eight crystals are used it is neces¬ 
sary to remove the .002 condenser from the crystal 
mounting board and also unsolder the paralleling 
strap connection on the board that is nearest the 
frequency switch (not the strap connection near the 
front panel. 

If less than eight crystals are used, it is necessary 
to parallel the connection studs and connect the .002 
condenser for those frequencies which are to be 
master oscillator controlled. For example, one 
crystal controlled and four master oscillator fre¬ 
quencies could be used. 

13-4. RMCA Model ET-SOIO-CA 50-watt 
Emergency Radiotelegraph Transmitter—Th e 

ET-8010-C transmitter described in Section 13-3 
is designed so that by the addition of an emergency 
power panel and a small dynamotor, the ET-8010-C 
may be used for both a main and an emergency 
transmitter when permitted by law. The trans¬ 
mitter is designated as ET-8010-CA when equipped 
with emergency power apparatus. The same cir¬ 
cuits are utilized throughout, the only difference 
being that for emergency operation, one power 
amplifier tube is disconnected and the plate supply 
is obtained from a small emergency dynamotor 
which is driven from the 12-volt storage battery. 
A suitable 12-volt storage battery, to provide six 
hours’ emergency operation, should have a capacity 
at the 6-hour rate of 256 ampere-hours. A 17-plate 
battery is usually employed for this purpose. 

1. Rating. The rating of the equipment when 
used as a main transmitter is as specified in Section 
13-3 of this chapter. When used as an emergency 
transmitter, the input to the final stage is greater 
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Fig. 13-27. The RMCA ET-8010-CA main and emergency 
radiotelegraph transmitter, 

than 100 watts and the output is 50 or more watts 
into the antenna circuit when used with a standard 
4-ohm ySO-fifii antenna. 

2. Frequency Range. Any one of eight spot fre¬ 
quencies for which the main transmitter is ad¬ 
justed may also be used when the transmitter is 
operated from the emergency power supply. 

3. Vacuum Tubes. The same vacuum tubes are 
used with the exception that in order to conserve 
battery drain, only one power amplifier tube (UV- 
211) is used when the transmitter is functioning 
from the emergency supply. 

4. Power Supply. The rating of the emergency 
dynamotor type MT4/KS1 is as follows: 


Motor~46 H.P., ll.S volts, 28 amp d.c., 2500 
rpm, compound wound. 

Generator—575 volts, .25 amp d.c., compound 
wound. 

Alternator—55 volts, .91 amp, single-phase, 500 
cycles. 

When the transmitter is used with emergency power 
supply, the 12-volt line current required is approxi¬ 
mately 37 amp. 

5. Operation. In case of failure of the ship's 
main power supply, the radio operator should ob¬ 
serve the following procedure to operate the trans¬ 
mitter under emergency conditions: 

(a) Throw charge-discharge switch to dis¬ 
charge position. 

(h) Throw power transfer switch to emer¬ 
gency power supply position. 

(c) Start dynamotor with start-stop switch. 
The radio transmitter may now be used as in normal 
service except that the plate voltage will be ap¬ 
proximately 575 to 600 volts and the plate current 
approximately .23 amp. While either A1 or A2 
emission may be used, under distress conditions, A2 
would normally be employed. Since a lower value 
of antenna current is obtained under emergency 
operation from the 12-volt battery, the operator 
should take special care to resonate the antenna cir¬ 
cuit carefully for maximum antenna current. 
While the battery furnished with the equipment will 
provide six hours' operation as required by law, 
appreciably longer service may be obtained if the 
operator shuts down the dynamotor during ex¬ 
tended listening periods. However, since approxi¬ 
mately 15 seconds are required for the tubes to 
heat up, the dynamotor should not be shut down 
when it is necessary to reply quickly under distress 
conditions. 

13-5. Mackay Radio Transmitter 150AY (In¬ 
stalled on Liberty Ships with 167AY High- 
frequency Transmitter) —Radi o transmitter 
150AY is designed especially for use as a main 
and emergency transmitter for use on cargo vessels. 
It provides for quick change to any one of five 
frequencies in the intermediate-frequency range of 
350 to 500 kc (845 to 600 meters). Automatic 
break-in operation is obtained by means of a relay 
which transfers the antenna from ‘‘Send” to *'Re- 
ceive” when the transmitting key is opened. The 
transmitter is rated to deliver in excess of 200 watts 
A-1 (CW) and over 300 watts A2 (ICW) into an 
antenna system of 750-g,fjii equivalent capacitance, 
and 4 ohms resistance, on all operating frequencies 
when operating from the ship's supply of 115 volts 
d.c. Emergency operation of the equipment from 
the 24-volt battery provides an output in excess of 
50 watts A2 (ICW) on all frequencies. A1 (CW) 
output of approximately 40 watts is also available. 
Emergency operation for a period of six consecu¬ 
tive hours, as required by the Federal Communica- 
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tions rules and regulations, is provided. The trans¬ 
mitter is designed to operate into antennas of from 
1 to 14 ohms resistance, and from 600 to 1500 fifii 
equivalent capacitance. Essentially sinusoidal modu¬ 
lation of approximately 720 cycles is obtained for 
lew. The degree of modulation is substantially 
complete in all cases greater than 85 percent. 

Switching facilities are provided for charging and 
discharging the emergency batteries, for connecting 
the transmitter to either the main or emergency 
generator, and for starting either motor generator 
set. Meters are placed in the battery and trans¬ 
mitter circuits for determining all important and 
essential conditions of operation. 

1. Frequency Stability, The maximum frequency 
deviation from a pre-set value will in no case exceed 
plus or minus .1 percent due to all causes, i.e., an¬ 
tenna tuning, temperature variation, line voltage 
variation, vibration, plate and filament voltage 
fluctuation, modulation, keying, etc. The precision 
to which a frequency can be set depends only upon 
the precision of the frequency standard used for 
comparison. 

2. Power Supply and Power Equipment, In¬ 
cluded within the transmitter are the necessary 
transformers, rectifier and filter components for 
converting the 720-cycle a-c output of the motor 
generators to the correct voltages and currents for 
operating the vacuum tubes. The transmitter power 
supply consists of a single-phase full-wave mercury 
vapor rectifier with a single-section filter, filament 
transformer, power factor condenser, and a modu¬ 
lation transformer to plate modulate the final stage. 
A simple wave filter is provided to insure that the 
wave form of the modulating voltage is essentially 
sinusoidal. 

3. Motor Generators and Starters. The main 
motor generator (motor generator 116A) is mounted 
on rubber vibration absorbing cushions, and installed 
in the lower compartment of the section housing the 
transmitter. This machine is a single unit two ball 
bearing, drip-proof motor alternator. Approxi¬ 
mately 75 volts at 120 cycles is taken from slip rings 
on the motor to furnish filament power. The plate 
power, which is provided from the alternator end 
of the machine, is 200 volts at 720 cycles. The ma¬ 
chine is designed to operate the transmitter satis¬ 
factorily with line voltages ranging from 90 to 120 
volts. A field rheostat located on the front panel of 
the transmitter controls the 720-cycle output voltage 
of this machine. Filters are included in the ter¬ 
minal box and at the generator and motor brushes 
to reduce electrical noise interference to nearby re¬ 
ceivers over the operating range of frequencies. 
The starter for this motor generator is mounted in 
the base of the transmitter section, to the left of the 
motor generator. This starter consists of an es¬ 
capement type device with suitable starting resist¬ 
ance to bring the motor up to speed without placing 
an excessive load on the d-c line. In addition. 


this starter is equipped with a pair of auxiliary 
contacts which function as a time delay of 15 sec¬ 
onds to prevent premature application of plate volt¬ 
age to the mercury vapor rectifier tubes when start¬ 
ing the equipment. 

The motor generator used with the battery power 
supply is of identical size and construction as the 
main machine described above. This motor gen¬ 
erator (type 120A) produces 120-cycle power 
equivalent to that of the main machine, and 720- 
cycle power at approximately 100 volts, as deter¬ 
mined by a field resistor in the terminal box of the 
motor generator. The motor and generator field 
are wound to operate on 24 volts. A starting cir¬ 
cuit, consisting of two relays and a series resistance, 
causes the motor generator to come up to speed 
smoothly, and without excessive current inrush. A 
time delay circuit, consisting of a relay and thermal 
delay strip, prevents the application of the emer¬ 
gency power until the rectifier tubes have heated. 
This unit is mounted on the right rear of the 
transmitter base. 

Both generators are mounted on separate metal 
pieces, to which are attached the generator cushions. 
If it is desired to remove a generator for service 
or inspection, it is necessary only to detach the 
bolts which secure the two independent pieces to 
which the cushions are attached, and slide the ma¬ 
chine forward. 

4. Method of Signaling, Keying of the trans¬ 
mitter is accomplished by means of a break-in relay 
which is operated from the 115- or 24-volt supplies, 
depending upon whether main or emergency opera¬ 
tion is employed. The power contacts of this relay 
break the power input to the plate transformer of 
the mercury vapor rectifier. For ICW operation, 
the 720-cycle voltage is filtered to produce a good 
wave form and is applied to the primary of the 
modulation transformer which plate modulates the 
final stage in a conventional manner. Change from 
CW to lew operation is accomplished by the “CW- 
ICW” switch at the right center of the transmitter 
panel. This switch closes the circuit from the gen¬ 
erator to the primary of the modulation transformer 
in the *TCW” position. The transmitter functions 
in identical manner regardless of whether the main 
or emergency motor generator is in use. The panel 
switch marked power connects the 120- and 720- 
cycle power of whichever machine is in use to the 
transmitter components. The battery driven gener¬ 
ator is arranged to provide but one half the 720 
cycle output voltage of the main machine, resulting 
in reduced transmitter output, but the operation of 
the transmitter otherwise is identical in either case. 

5. Type of Circuit. The radio circuits of the 
transmitter shown in Figure 13-28 include a low 
power master oscillator, an untuned intermediate or 
buffer amplifier and a final amplifier. The master 
oscillator circuit employs a 210 or 801 tube in a 
self-excited oscillator circuit of the tuned plate, grid 
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feedback variety. A threaded ceramic coil form 
and low temperature coefficient aged condenser are 
used to improve the frequency stability and reduce 
frequency variation over long periods and under 
varying conditions of operation. Independent 
trimmer condensers are supplied for adjustment of 
the five frequencies. These trimmer condensers and 
the associated taps on the oscillator coil are selected 
by the frequency switch located at the left center of 
the transmitter panel. The leads from the “fre¬ 
quency” switch may be pre-set at installation, to 
taps on the oscillator coil which provide operation 
on any five frequencies in the range 500 to 3SO kc. 
The five adjustable trimmer condensers are located 
on a vertical panel accessible from the left side of 
the transmitter by opening the left side door. These 
trimmers are equipped with locks to prevent chang¬ 
ing of their capacity due to vibration after adjust¬ 
ment. The intermediate or buffer amplifier employs 
a single F-123-A tube with cathode bias protection 
against loss of excitation. Its output is impedance 
coupled by means of suitable radio frequency chokes 
and blocking condenser to the grids of the final 
amplifier tubes. The final amplifier employs two 
F~123~A tubes in parallel. These tubes, which are 
cushion mounted, are also protected from loss of 
excitation by means of cathode bias. The plate cir¬ 
cuit of the final amplifier contains a radio frequency 
transformer for transferring the energy from the 
tubes to the antenna circuit. The primary of this 
transformer is a high impedance, roughly resonant 
in the middle of the band of frequencies over which 
the transmitter is required to operate. The sec¬ 
ondary of this radio frequency transformer is 
wound on a ceramic form and consists of a few 
turns with frequent taps. This provides for adjust¬ 
ing to various antenna resistances. This trans¬ 
former is located at the right side below the middle 
shelf, and may be reached by tilting the transmitter 
panel outward to its halfway point. Its secondary 
is connected in series with the antenna loading coil. 
This antenna loading coil is located on the upper 
right front corner of the transmitter shelf, and con¬ 
sists of a tapped coil with a rotor which is controlled 
by the knob marked antenna tuning at the upper 
right of the transmitter panel. A switch at the 
rear of the coil, actuated by the rotor, is a part of 
the coil assembly. This switch changes the induc¬ 
tance by means of changing the taps on the stator 
winding as the rotor passes through the 180® posi¬ 
tion. An auxiliary contact on this switch opens the 
power supply so that the switch is not permitted to 
change the taps while radio frequency energy is in 
the antenna circuit. By this means any antenna, 
whose equivalent capacity falls in the range of 600 
to 1500 may be tuned without an additional 
wave change control. The antenna circuit also in¬ 
cludes one pair of contacts of the keying relay. 
These contacts serve to transfer the antenna from 
TRANSMIT to RECEIVE position. In order to protect 


against excessively high plate voltages and abnormal 
conditions of operation, a glass enclosed, gas filled 
protective gap is placed at the high potential end 
of the radio frequency transformer primary and a 
high resistance in series with this gap limits the 
current upon discharge, the direct current compo¬ 
nent of which is caused to operate a relay, whose 
coil is in series with this limiting resistor. The 
contacts of the relay are in the keying circuit and 
open the power to the primary of the plate trans¬ 
former upon discharge of the gap. The purpose of 
this protective system is to prevent damage from 
abnormally high voltages which may pOvSsibly appear 
on the primary of the radio frequency transformer. 
An auxiliary spark gap is located immediately below 
the glass enclosed protective gap. If the glass en¬ 
closed gap should tail the auxiliary gap will protect 
the transmitter. 

6. Metering Facilities. Five meters are mounted 
on the front panel. The left-hand instrument is a 
d-c ammeter for indicating the rate of current pass¬ 
ing through the emergency battery during charge. 
This meter will normally read .5 amp or 8 amp, 
depending upon whether the battery is being charged 
at a trickle or full charge rate. The second meter 
from the left is a d-c milliammeter which is switched 
by means of the knob below it to indicate oscillator 
plate current, intermediate or buffer amplifier plate 
current, and final amplifier plate current. The cen¬ 
ter instrument is the antenna current meter, indi¬ 
cating the current in the base of the antenna circuit 
during transmission. This meter is used in tuning 
the transmitter, resonance being determined by a 
maximum reading of this instrument. The fourth 
meter from the left is the filament voltmeter, which 
reads the filament voltage of the transmitting tubes. 
This meter, when adjusted by means of the filament 
rheostat to read 10.5 volts, indicates correct adjust¬ 
ment of all tubes. The right-hand meter is con¬ 
nected across the 24-volt battery during discharge, 
and indicates the battery voltage at the transmitter. 

7. Switching Controls. The power controls are 
placed above and between the filament and field 
rheostats. To the left of the row of three switch 
knobs is one labeled power. The purpose of this 
control is to connect the transmitter to either the 
main or emergency generator. This switch controls 
the 120 and 720 cycle power leads. In addition it 
arranges the keying relay to operate on 24 or 115 
volts, as the case may be. The center switch, which 
is marked battery, when thrown to the left, places 
the battery on charge, or, if thrown to the side 
marked start, connects the battery to the starting 
relay in the terminal box of the 120 motor generator, 
starting tfie machine. During charge, the current 
rate is controlled by a toggle switch below this bat¬ 
tery switch. This toggle switch, when in the 
upper, or full charge position, causes the battery 
to be charged at an 8-amp rate. When thrown to 
the lower, or trickle charge side,, a .S-amp rate 
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results. This switch also selects the speed at which 
the ventilating fan operates. During trickle charge, 
when the heat generated by the charger resistor is 
low, the fan operates at a low speed. When the 
battery is placed on full charge, the fan is speeded 
up, so as to completely dissipate the heat from the 
charger resistors. This switch can also be used to 
control the speed of the fan when the transmitter is 
in use, though under ordinary conditions, the low 
rate of speed is quite adequate to discharge the heat 
generated by the transmitter tubes and power com¬ 
ponents. The right hand switch is placed in the 
llS-volt d-c line, and when thrown to on position, 
operates to start the main motor generator, and 
connect the d-c line to the keying and field circuits. 

On the lower left of the panel is placed a filament 
control, for adjusting the filament voltage of all 
tubes. At the corresponding position on the lower 
right of the panel is the field rheostat, which con¬ 
trols the power output of the main generator. 

To the left center of the panel is the frequency 
switch, which causes the oscillator to function at 
any of five predetermined frequencies in the range 
350-500 kc. A lamp in the center of the panel 
indicates when the transmitter is running. To the 
right of this lamp is a knob which selects either 
A1 (CW) or A2 (ICW) emission. This control 
switches the 720-cycle output of the generator in 
use to the primary of a transformer, which modu¬ 
lates the d-c input to the plates of the final amplifier 
tubes. At the top right is the antenna resonating 
control, which operates the antenna variometer and 
associated switch described previously. 

8. Transmitter Construction, The transmitter is 
a single unit, consisting of a base, on which the 
power components are placed, a shelf containing 
the r-f components, and a front panel, to which the 
base, shel f and all additional equipment and controls 
are attached. The front panel is hinged at the bot¬ 
tom, and so balanced as to permit it to swing out¬ 
ward with little effort. When half open, a spring 
stop engages with the main frame angle, holding the 
transmitter panel half open. If it is desired to open 
the panel further, the spring catch can be pressed 
in with the finger, permitting the panel to open 90®, 
where it is held with another stop. The transmitter 
is cabled to two terminal blocks mounted on the 
base, extra flexible hinge wire with flame proof 
insulation being used. The cable folds under the 
transmitter base, where it is well protected. The 
antenna lead from the break in relay, hinges at the 
right hand side, and is not included in the main 
hinge cable. Grounding connections are also pro¬ 
vided on both sides of the hinge. The power supply 
components mounted on the base permit removal of 
any part without requiring removal of any other 
part. All power supply components may be re¬ 
moved from the base by means of screws, which are 
tapped into the base, without requiring accessibility 
to the bottom of the base or the handling of nuts. 


cap screws and the like. The radio frequency 
components are mounted on an intermediate shelf, 
which provides excellent accessibility. The antenna 
terminal is brought to a spring clip on the top edge 
of the transmitter panel, which engages with an 
insulated connecting plug when the transmitter 
panel is in place. Two handles are supplied to 
facilitate handling, and to hold the panel securely in 
place. The transmitter panel is heavily copper 
plated before painting to improve its r-f charac¬ 
teristics and to prevent rust should the paint become 
chipped. The r-f shelf is constructed of solid 
copper cadmium plated so as not to effect the r-f 
inductances adversely. The base is of cadmium 
plated steel. The F-123-A tube sockets are cushion 
mounted. 

The wiring diagram for radio transmitter ISOAY, 
Figure 13-28, illustrates the wiring of the transmit¬ 
ter components. The upper section represents the 
transmitter proper, while the lower section contains 
the switching facilities and terminal provisions for 
battery charging, and selecting of either emergency 
or main generator supply. The wiring to the 
switches is exactly as shown on this diagram, the 
connections being shown as viewed from the rear. 
The emergency time delay relay and thermostat are 
shown on the lower right of this diagram. These 
parts will be found mounted on the right rear of 
the transmitter base. Time delay for the main 
generator is provided by a special delay contact in 
the starting mechanism. 

9. Adjustment of Transmitter, The plate, modu¬ 
lating and filament transformers are equipped with 
laps corresponding to the maximum generator volt¬ 
age which would be obtained at various d-c line 
voltages. The average d-c supply voltage may he 
ascertained from an observation of the line volt¬ 
meter on the right hand section of the Marine 
Radio Unit, and the transformers adjusted in ac¬ 
cordance with the following table: 


Line Voltage 

Plate 

Trans. Tap. 1 

Modulation 
Trans. Tap. 

Filament 
Trans. Tap. 

no to 120 

0-255 

0-255 

0-73 

100 to no 

0-235 

0-208 

0-60 

90 to 100 

0-210 

0-190 

0-60 


Although the transmitter can be made to deliver 
full power at the voltage of the line over the above 
ranges of 90 to 120 volts, it is adjusted at the 
factory for llS-volt operation. Unless it is noted 
that the average voltage is less than 110 no adjust¬ 
ments should be altered. If line voltage fluctuations 
are prevalent, the transformer taps must be set for 
the highest line voltage which will be experienced. 

After the antenna has been erected, and equipment 
has been installed in accordance with the foregoing 
installation instructions, proceed as follows: 
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Place in the sockets in the base section, two 866-A 
tubes. On the shelf insert an 801 or 210 tube in 
the oscillator socket and an F-123-A tube in each 
of the three large sockets. Note that voltage is 
indicated on the line voltmeter, and make sure that 
fuses are inserted in the transmitter, and in the fuse 
clips for the 24-volt battery, below the line switch 
in the right base section. Turn the power switch 
on the transmitter panel to main. Place the bat¬ 
tery switch in off position. Turn the line switch 
to ON. The generator should start smoothly. Ad¬ 
just the filament rheostat so that the filament volt¬ 
meter reads 10.5 volts. Allow the transmitter to 
run in this condition for 15 minutes before pressing 
the key. This permits the mercury in the rectifier 
tubes to evaporate from the envelope and elements. 
This 15-minute warm-up period should be observed 
whenever new mercury vapor tubes are inserted in 
the transmitter. It should be noted that the venti¬ 
lating fan is set in motion by the starting of the 
transmitter. This fan will operate only when the 
main motor generator is in use. 

Open the transmitter panel to the halfway point, 
which provides access to the antenna coupling trans¬ 
former and the antenna tuning variometer. On the 
rear of the variometer is a switch, w'hich transfers 
the antenna circuit inductance from one value to 
another as the variometer is tuned through its range. 
The two leads from the switch must be connected 
to terminals of the variometer which will provide 
tuning over the entire frequency range with the 
antenna to be used. The variometer is equipped 
with three taps. The first is located on the upper 
end of the coil, near the switch panel, the second at 
the lower end of the coil near the switch panel, and 
the third or maximum inductance tap is located at 
the lower end of the coil toward the front panel. 
In adjusting these taps the lead from the upper 
switch terminal must be placed on the terminal 
which provides resonance at 500 kc at some point 
on the variometer dial between 0 and 100. This will 
be tap 1 if the antenna is 800 fijxi capacitance or 
greater, and tap 2 if the antenna capacitance is less 
than this value. If the upper switch lead runs to 
variometer tap 1, the lower switch lead should be 
placed on coil tap 2, and if the upper switch lead 
runs to coil tap 2, the lower should be connected to 
coil tap 3. When so arranged, resonance will be 
obtained on all five frequencies at some position on 
the variometer dial. 

The two leads which run to the taps on the cou¬ 
pling transformer (the ceramic form on the under¬ 
side of the shelf directly below the antenna vari¬ 
ometer) vary the loading of the amplifier tubes. 
The number of turns to be used will depend upon 
the resistance of the antenna. With the frequency 
switch on tap 3, corresponding to a frequency of 
approximately 400 kc, the cw-icw switch on cw 
position, and the field rheostat turned clockwise all 
the way to provide full power from the generator, 


adjust the coupler taps until an amplifier plate cur¬ 
rent of 350 ma is indicated when the antenna is 
resonated with the ant. tuning knob. The trans¬ 
mitter is adjusted in the factory for 500 kc on tap 
1, 375 kc on tap 4 and 355 kc on tap 5, with taps 
2 and 3 placed on intermediate assignments in the 
band. At 500 kc the amplifier plate current reading 
may be slightly higher than 350 ma and at 355 kc 
it may be slightly lower. In adjusting the coupler 
taps, use an equal number of taps on each side of 
the center of the coil if possible. If it is necessary 
to use one turn less than an equal number, this turn 
may be removed from either side of center. It will 
be noted that when the cw-icw switch is thrown to 
the icw position, the amplifier plate current drops 
slightly due to the reduction in plate voltage when 
the added load is imposed upon the generator. The 
antenna current should rise 10 percent or more over 
the CW value. 

With the PLATE CUR. switch on osc position, the 
osciUator plate and grid current is read and should 
be approximately 50 ma on all frequencies. With 
the switch on buf position, the plate and grid cur¬ 
rent of the buffer stage is read. This should read 
about 80 ma, but may drop to 50 at the central fre¬ 
quencies, and rise to 120 at the low-frequency end 
of the band. The switch should be left on the third 
position, marked p.a., where it acts as a guide for 
the operator in making antenna adjustments. 

With the cw-icw switch on cw position, check 
the adjustment at all frequencies. Use a heterodyne 
type frequency monitor if possible. If such an 
instrument is not available, use a General Radio 
precision wavemeter, type 724, or equivalent. Open 
the left-hand cabinet door, revealing five condenser 
controls, numbered 1 to 5, corresponding to the 
numbering on the frequency switch. Each con¬ 
denser is a vernier frequency adjusting device for 
its corresponding frequency. If a heterodyne type 
wavemeter is used, adjust it for 500 kc. Set the 
frequency switch on transmitter position 1, tune 
the antenna variometer to obtain maximum antenna 
current, and adjust the small condenser numbered 
1 until the beat note in the monitoring meter indi¬ 
cates zero beat. Similar procedure should be fol¬ 
lowed for each frequency in turn. If the trans¬ 
mitter is not to be changed from its factory adjust¬ 
ments, the frequencies may be checked with the 
128AX receiver, by throwing the antenna switch 
on the receiver to emerg position, and reducing the 
r-f gain to a minimum. The receiver is directly 
calibrated and the calibration is sufficiently accurate 
for rough frequency check. 

If a precision wavemeter with a deflecting instru¬ 
ment, such as the General Radio wavemeter men¬ 
tioned, is used, the antenna should be resonated 
before the frequency is checked. If the frequency 
is found to be a trifle high or low, the capacitance 
of the associated trimming condenser should be in¬ 
creased or decreased slightly, and the antenna reso- 
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nated before checking the frequency. Do not at¬ 
tempt to tune the oscillator to the wavemeter, as 
maximum deflection of the wavemeter may result 
from resonance of the antenna circuit on other than 
the desired frequency. Should the range of the 
trimming condenser be insufficient to tune the oscil¬ 
lator to the desired frequency, it will be necessary 
to decrease or increase the inductance a turn. This 
is accomplished by unscrewing the three screws 
which secure the aluminum cover of the oscillator 
coil, at the left front of the center shelf, and re¬ 
moving this cover. With a soldering iron, dis¬ 
connect the lead associated with the switch tap in 
use from the coil and place the lead on the next 
higher turn if the frequency is high, or on the next 
lower turn if the frequency is low. While it is not 
contemplated that any condition will normally arise 
which will make inductance change necessary, taps 
have been provided to permit tuning to any fre¬ 
quency in the entire range from 350 to 500 kc. 
Should it become desirable to place the transmitter 
on other than its adjusted frequencies, this can be 
accomplished in the manner outlined. The coil 
cover should be carefully put in place before check¬ 
ing frequencies. When adjustments are complete, 
the trimming condensers should be locked in position. 

Should the r-f voltage across the amplifier plate 
coil become dangerously high, a discharge will 
occur across the gap in the cartridge which is 
mounted on the shelf at the rear of the antenna 
variometer. This discharge causes a relay to oper¬ 
ate, opening the keying circuit. This relay is of 
the slow releasing type, and after a period of ap¬ 
proximately one-half second the relay releases, 
again applying power to the transmitter. Should 
the condition which has caused the excessive voltage 
across the plate coil be unchanged, a discharge 
across the cartridge gap will again operate the relay 
and open the keying circuit. This cycle of opera¬ 
tion will persist until the condition is corrected. 
Under normal operation the r-f voltage across the 
plate coil will be insufficient to result in a dis¬ 
charge of the gap, and the operation of the relay. 
Should the antenna be completely detuned under full 
power conditions, or the power input raised beyond 
the point of safe operation by incorrect transformer 
tapping or some other means, a discharge will occur 
at the gap, operating the protective relay and pre¬ 
venting damage to transmitter parts. The addi¬ 
tional gap beneath the cartridge will function should 
the cartridge become broken or inoperative. 

Having checked the above, throw the line switch 
to OFF. Turn the power switch to emerg position. 
Turn the battery switch in the center of the panel 
to START. The motor generator in the base of the 
right-hand section should start smoothly. The fila¬ 
ment voltmeter may read slightly less than with 
main power. Adjust the filament rheostat for 10.5 
volts. Turn the cw-icw switch to icw position. 
(It should always be in icw position when emer¬ 


gency is used.) Test the transmitter output as be¬ 
fore, noting that the oscillator plate current is about 
20, the buffer plate current about 30 and the final 
plate current about 150 ma. No adjustments should 
be made to any circuits to obtain the above readings, 
as those made for main operation will result in read¬ 
ings as above. If other than the currents indicated 
are obtained, check the a-c output of motor gener¬ 
ator 120A (between ground and terminal 21 of the 
interconnecting block), and adjust the variable field 
resistor (R17 on RC-l291-14) in the terminal box 
of motor generator 120A to obtain 100 volts across 
these points. This adjustment has been made in 
the factory, and should not be necessary in the field. 
During the above adjustments, the bat. voltage 
meter at the top right of the transmitter panel should 
read 24 volts. Should the battery voltage be higher 
or lower, readings given above may vary. 

Throw the battery switch to charge position. 
If the toggle switch below it is in trickle charge 
position, the charging current meter at the top 
left of the panel should read .5 amp, and the venti¬ 
lating fan should operate at slow speed. When the 
toggle switch is thrown up to full charge, the 
meter will read 8 amp, and the fan will operate at 
increased speed. During operation of the trans¬ 
mitter, or at any time that the charger is not in 
use, this toggle switch should be kept in trickle 
charge position to prevent operation of the fan at 
high speed when the transmitter is operated. Under 
conditions of extremely high ambient temperatures, 
it may be desirable to run the fan at high speeds 
when the transmitter is operated, in which case the 
toggle switch may be left in full charge position, 
but this condition represents the unusual. 

10. Operation of Transmitter 150AY, Except 
when it is desired to use the battery power, the 
POWER switch on the panel should be kept in main 
position. To place the transmitter in condition for 
main operation, throw the line switch to on posi¬ 
tion. After the pilot light operates, and the motor 
generator in the base of the left-hand unit comes 
up to speed, adjust the filament rheostat until the 
filament voltmeter reads 10.5 volts. Set the fre¬ 
quency switch on the position corresponding to 
the desired frequency of operation (position 1 for 
calling purposes). After a period of approximately 
15 seconds, depress the telegraph key, and resonate 
the antenna by adjusting the antenna variometer 
until maximum current is indicated on the antenna 
current meter. If the position of the antenna 
variometer has been listed on the card attached to 
the front panel, the variometer may be adjusted to 
the prescribed dial reading at the same time the 
frequency switch is adjusted. For normal opera¬ 
tion the field rheostat should be set at a point where 
300 ma is indicated on the plate current meter 
when reading the current in the final amplifier cir¬ 
cuit (plate current switch in p.a. position). The 
transmitter may be safely operated at full power, 
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or the power may be reduced to one-half normal 
output, if desired, by adjustment of the field rhe¬ 
ostat. It is poor practice to use more power than 
is required to effect satisfactory communication. 

CW or ICW may be obtained by throwing the 
switch so labeled to the proper position. The power 
output of the transmitter for any given field rhe¬ 
ostat adjustment is greater when operating ICW 
than when CW is used. Should the protective relay 
operate during adjustment of the transmitter, it is 
an indication that adjustments are incorrectly made. 
If the power input is dangerously high, or the an¬ 
tenna circuit detuned, disconnected or grounded, the 
relay may operate whenever the key is pressed. 
Correcting the condition will cause the relay to 
cease operating. The cartridge associated with the 
protective relay, or the gap beneath it, should never 
be tampered with. In case of failure or destruction 
of the cartridge, the gap beneath it will provide pro¬ 
tection, but the cartridge should be replaced at the 
first opportunity. Frequency changing is accom¬ 
plished by setting the frequency switch to the posi¬ 
tion representing the desired frequency and adjust¬ 
ing the antenna tuning to obtain a maximum an¬ 
tenna current. If the plate current exceeds 350 ma, 
the plate voltage should be dropped by means of 
the field rheostat. 

11. Emergency Operation. To place transmitter 
150AY in operation from the emergency battery, 
turn the power switch to emerg, and the battery 
switch to START. The cw-icw switch should be in 
ICW position. Be sure the line switch is off. Ad¬ 
just the filament voltage to 10.5, and after waiting 
15 .seconds for the time delay to function, pre.ss the 
telegraph key, and resonate the antenna as before. 
The output will be less than with main power, but 
operation is in no wise different. 

Note: It is possible to cause both generators to 
run simultaneouly, and no harm is done by so doing. 
There is no point in this procedure however, as but 
one machine can be used at a time. It should be 
carefully ascertained that the battery voltage 
meter does not read when the emergency supply is 
not in use. This meter reads only when the bat¬ 
tery switch is in start position. 

12. Precautions to Be Observed, Since the volt¬ 
ages within the transmitter during operation are 
dangerous to human life, great caution should be 
observed when the side doors are opened for making 
internal adjustments. The only adjustment which 
may be made with the transmitter energized is the 
setting of the five trimmer condensers, the controls 
of which are at ground potential and may be han¬ 
dled with safety. The motor generator should be 
shut down whenever anything else within the trans¬ 
mitter is to be touched. 

The filament voltmeter should not be allowed to 
drop below 10 volts with the key down, and the 
transmitter adjusted for operation. The voltage 
may be adjusted to 10.5 volts with the key up, and 


operates normally with the filament voltmeter read¬ 
ing 10.3 volts, key down. If the filament voltage is 
allowed to drop below 10, rapid deterioration of the 
rectifier tul)es results. Premature failure of the 
rectifier tubes usually occurs from low filament 
emission caused by undervoltage or through apply¬ 
ing plate voltage too soon after lighting the fila¬ 
ments. Contacts on the motor starter prevent the 
application of the plate voltage until about 15 sec¬ 
onds after the start switch is thrown for main 
operation, and a special time delay relay circuit pro¬ 
vides this delay when the emergency power is 
employed. 

13. Maintemnce of Equipment. The commu¬ 
tators and slip rings of the motor generator should 
be kept clean and free from dirt or grease. In 
normal maintenance the gentle application of a piece 
of canvas to the commutator and slip rings occa¬ 
sionally should keep them in good condition. A 
shiny coffee colored surface which is clean and with¬ 
out grooves or scratches is an indication of a com¬ 
mutator in good condition. In smoothing commu¬ 
tators or slip rings, crocus cloth or fine sandpaper. 
No. (X) or finer, should be used. Emery cloth must 
nezwr be applied to electrical machinery. The ball 
bearings should be lubricated about every six 
months. In greasing the machines, remove the 
drain plugs on the under side of each bearing. Use 
only a sodium base grease of light consistency (a 
tube of grease is furnished with each machine). 
Do not use an excessive amount of grease. After 
greasing, run the machine for a little while to re¬ 
move all pressure on the bearings before replacing 
the drain plugs. Great care should be taken to keep 
the grease and bearings clean. Dirt will destroy ball 
bearings quickly. The bearings should be washed 
in kerosene, gasoline or carbontetrachloride (Py¬ 
rene) and repacked at least once a year. Do not 
permit grease to reach the brushes, brush-holders, 
commutators or slip rings. Insure, by occasional 
inspection, that the brushes are free in the brush 
holders, removing them and cleaning the sides of 
the brushes occasionally to prevent binding. 

The interior of the transmitter should be kept 
clean and free from dust. Accumulations of dust 
and moisture over a long period may cause serious 
breakdown. 

The keying relay, which is located on a bracket 
at the right side of the transmitter, normally should 
need no attention over a long period of time. The 
contacts may occasionally be cleaned by rubbing 
with a piece of crocus cloth or fine sandpaper. Care 
should be taken not to bend the contact springs of 
the relay when cleaning it. The protective relay, 
located on the same bracket, may need to have its 
contacts wiped with a piece of crocus cloth occa¬ 
sionally in order to insure that the keying circuit, 
of which these contacts form a part, is complete. 
The contacts of the emergency time delay relay, on 
the transmitter base, should be sanded about twice 
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a year. The starting relays in the terminal box of 
generator 120A need no attention unless sticking of 
the contacts is experienced, in which case it will be 
necessary to sand the contacts. 

If at any time the vsections of the frequency switch 
should become sticky in operation, a very slight film 
of light grease or vaseline may be applied with the 
fingertips to the switch contacts. In no case should 
any quantity of grease be allowed to accumulate on 
the switch, as this could cause short circuiting from 
contact to contact and erratic performance of the 
oscillator. 

14. Typical Operating Conditions. The follow¬ 
ing data are presented to indicate the meter readings 
which may be expected at any frequency under 
normal conditions of operation; using either CW 
or ICW: 


Main Operation 

FU. 

Volts 

Osc. PI. 

Buf. PI. 

Amp. PI. 

Ant. Current 

10.3 

50 ma 

50-120 ma 

300-350 ma 

(8 to 12 amp., 
depending upon 
antenna char¬ 
acteristics) 

Emergency Operation 

Fil. 

Volts 

Osc. PI. 

Buf. PI. 

Amp. PI. 

Ant. Current 

10.3 

20 ma 

30-50 rna 

150 

(3 to 4 amp, 
depending upon 
antenna char¬ 
acteristics) 



CHAPTER 14 

LIFEBOAT RADIO EQUIPMENT 


For several years, certain passenger vessels have 
been required by law to carry one or more radio- 
equipped motor lifeboats. During World War II, 
the use of such equipment on lifeboats was ex¬ 
tended to cargo vessels resulting in a substantial 
decrease in marine casualties. 

The first requisite of each sea rescue is the deter¬ 
mination of the location of the lifeboats, even 
though they may have sailed or drifted miles from 
the scene of the disaster. This is accomplished 
through the use of visual signaling devices and 
radiotelegraphy. The range of the former is lim¬ 
ited to the eye, whereas radio equipment can be used 
to summon aid over distances of hundreds of miles 
as well as permitting the fixing of location of the 
radio-equipped boats by direction finders. 

Prior to October 31, 1944, radio equipment em¬ 
ployed on lifeboats was limited to operation on one 
radio channel, the international frequency of 500 kc. 
Battery-powered transmitters, operating on 500 kc, 
are limited to the ground wave range of approxi¬ 
mately 300 miles. Since most seagoing ships are 
equipped with loop direction finders capable of oper¬ 
ating on this frequency, they can locate the radio- 
equipped lifeboat, and if the other lifeboats hover 
around the radio equipped lifeboat, rescue of all is 
assured. 

Tests conducted by the U. S. Coast Guard with 
the co-operation of the land-based Adcock high- 
frequency direction finding net of the Radio Intelli¬ 
gence Division of the Federal Communications 
Commission demonstrated that it was possible to 
fix the location of a lifeboat rapidly and accurately 
if it was equipped with a high-frequency radio 
transmitter. This was possible at distances far 
beyond the ground wave range of the 500-kc 
frequency. 

The report of the Coast Guard, as published in 
the Proceedings of the Merchant Marine Council, 
shows the procedure that was followed and is com¬ 
parable to that which might be followed in any air- 
sea rescue operations. The report reads, in part, 
as follows: 

“A high-frequency transmitter, by creating a long¬ 
distance sky wave, will give good signals over an area 
beginning about 300 miles from the set and extending 
up to 1,500-2,500 miles, depending upon conditions, but 
its ground wave will be inferior to that on 500 kilo¬ 
cycles. Further, the range of high-frequency trans¬ 
mitters will vary under day and night conditions for 
different frequencies. To insure complete coverage at 
all times without 'skip' two differing high frequency 
bands must be used. With such equipment a boat's 
signals could be picked up at long ranges by shore direc¬ 


tion finders and an area of position established, but since 
few ships or aircraft have high frequency direction 
finders, search craft could not make use of these signals. 

"To meet the situation Coast Guard communications 
personnel took a standard SCR-578 transmitter (the 
Gibson Girl) and modified it so that in addition to trans¬ 
mitting SOS on 500 kilocycles it alternately and auto¬ 
matically broadcast on 4140 and 8280 kilocycles. These 
three bands practically insure coverage, both day and 
night, of the complete circle centered at the transmitter 
and extending as far as 2,500 miles. The modification 
involved no changes in weight or size of the instrument. 

‘To test the efficacy of this equipment for its purpose 
the set was taken aboard a P.C. boat to a point about 
200 miles southeast of Cape Hatteras. A 280-foot wire 
antenna was sent up by means of a kite and the trans¬ 
mitter cranked for half an hour; thereafter signals were 
sent for 10 minutes every half hour. These signals 
were picked up by the Radio Intelligence Division of 
the Federal Communications Commission through its 
excellent domestic network of high-frequency direction 
finder monitoring stations. They were teletyped to the 
plotting room of the Federal Communications Commis¬ 
sion in Washington and the resultant fix was trans¬ 
mitted to the Coast Guard. A total of 69 bearings were 
taken by 15 different monitoring stations. The distances 
at which the signals were received and the general accu¬ 
racy of the intercept is graphically shown on the plotting 
chart. The Coast Guard received the first plot within 
20 minutes after transmission was begun. 

"On telephonic advices as to the approximate location 
of the signal, a Coast Guard plane took off from the 
Elizabeth City base for the 280-mile run to the target. 
Weather conditions were unfavorable and ceiling low. 
When still about 200 miles off, the plane first began 
to receive signals on 500 kilocycles, and when 80 miles 
away was able to take bearings on her automatic direc¬ 
tion finder. The P.C. boat could not .see the plane until 
it was about a mile off and headed so accurately for the 
boat that the kite antenna had to be reeled in. Ceiling 
at this time was 300 feet and it is unlikely that the plane 
could have found the boat except by direction finder." 

The Radiomarine Corporation of America model 
ET-8030 lifeboat radio equipment described in the 
following paragraphs is typical of one of the equip¬ 
ments designed to operate on both the 500 and 8280 
kc channel. 

14-1. RMCA Model ET-8030 Lifeboat Trans¬ 
mitter-receiver —The RMCA model ET-8030 is a 
new type of lifeboat radio equipment which pro¬ 
vides two-way radiotelephone and radiotelegraph 
communication. It also provides one way auto¬ 
matic radiotelegraph transmission for use by un¬ 
skilled personnel. With automatic operation, SOS 
signals and ^long dashes" are transmitted. The 
long dashes enable ship and shore direction finders 
to take radio bearings for determining the position 
of the lifeboat. 

The radio transmitter operates on SOO kt (600 
meters) and 8280 kc (36.2 meters). The radio 
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Fig, 14-1. The RMCA model ET-8030 lifeboat radio. 


receiver is fixed tuned for 500 kc, and also tunable 
from 8100 to 8600 kc. For automatic operation, 
only the transmitter functions. For manual opera¬ 
tion, both the transmitter and receiver are in circuit 
for two-way telephone or telegraph communication 
on either frequency. The 500-kc frequency will 
provide a range of approximately 50 to 200 miles, 
while the 8280-kc frequency will provide ranges up 


to 1000 or 2000 miles or more. Both short and 
long distance radio direction finder bearings can be 
taken on the signals transmitted from the lifeboat. 

A compact watertight binnacle houses the com¬ 
plete transmitter and receiver, together with a hand- 
driven generator, a telephone handset, and an an¬ 
tenna reel with 300 feet of wire. The entire equip¬ 
ment is powered by means of a built-in hand driven 
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g^enerator. This generator eliminates the use of all 
batteries and, therefore, enables the equipment to be 
used for indefinite periods. 

Three types of antenna may be used with the set, 
namely, a kite-supported antenna, a balloon-supported 
antenna, or a conventional sailing-mast antenna. 
The best range and performance is obtained with 
the kite- or balloon-supported antenna. For wood 
hull lifeboats, a 20-foot length of wire, with a 
sinker, is provided for immersion in seawater. On 
metal hull lifeboats, the set is permanently grounded 
to the hull. 

A watertight metal spare parts box is furnished 
with each installation for stowage in the lifeboat. 
This box contains spare tubes and indicator lamps, 
tools, antenna wire, a kite, a balloon in a sealed 
metal container, a helium filled cylinder for inflating 
the balloon, insulators and wire for constructing a 
sailing mast antenna, and an artificial antenna for 
test purposes. A water repellent weatherproof 
canvas cover is furnished to protect the transmitter- 
receiver binnacle. This cover should be kept in 
place at all times, except when the equipment is 
being operated. 

14-la. Circuit Arrangement —Refer to sche¬ 
matic diagram, Figure 14-2, and the various photo¬ 
graphs in this book. A correct understanding of 
the various circuits and their principles of operation 
is essential to locate troubles and make repairs. 

The 500-kc master oscillator for the transmitter 
is a 6SS7 tube, V-103. The frequency of this oscil¬ 
lator is adjusted by means of the movable iron core 
in L-l()3. Do not disturb this adjustment as it is 
carefully set for 500-kc at the factory. 

The 8280 kc oscillator is a 6SS7 tube, V-102, 
and has its frequency controlled by means of a type 
R4 crystal, Y-101. The inductor L-102 for this 
oscillator has a movable iron core which is adjusted 
at the factory and should not be disturbed. During 
automatic operation, the frequency cam C on the 
automatic keying unit, K-l()2, alternately places 
plate and screen voltage on the 500-kc and 8280-kc 
oscillator tubes. 

The power amplifier is a 6V6-GT/G tube, V-104. 
Control grid drive for this tube is taken from the 
oscillator tank circuits through R-112 as shown on 
Figure 14-2. The plate circuit of the power am¬ 
plifier tube is coupled to the 500 kc and 8280 kc tank 
circuits through C-113. L-105 and C-115 comprise 
the 500 kc tank circuit. L-106 and C-116 make up 
the 8280 kc tank circuit. This arrangement permits 
both tank circuits to function independently without 
switching. 

On 500 kc, the antenna circuit is resonated by 
means of L-107 (tapped) while the antenna cou¬ 
pling voltage is obtained from taps on L-IOS. 
When knob A for 500-kc antenna resonance is 
rotated, it engages a starwhcel which automatically 
changes the taps on L-107 and L-IOS. This action 


takes place when the variometer rotor of L-107 is 
adjusted. All taps are preset at the factory. On 
8280 kc, coupling is obtained from C-118 (preset). 
Antenna resonance on 8280 kc is maintained by 
panel-controlled condenser C-116 which tunes the 
tank circuit to resonance. 

The modulator is a 6V6-GT/G tube, V-101. 
For telephone modulation, the audio input for this 
tube, from the microphone on the handset, is stepped 
up by means of transformer T-101. For A2 tele¬ 
graph modulation in the automatic position and the 
manual 500 kc position, feedback through C-119 is 
employed to permit the modulator tube to also func¬ 
tion as an audio oscillator. The voltage across 
reactor T-103 modulates the power amplifier plate 
and screen circuits. 

The automatic keying unit, K-102, uses a 6 volt 
d-c motor which runs at 900 rpm. This motor 
drives, through a suitable gear train, four cams 
identified ci.*> A, B, C and D. Cam A, which rotates 
at 12 rpm, is used to transmit SOS. Cam B, one 
rpm, controls the long dash by preventing the SOS 
cam from functioning for approximately 15 second 
intervals. Cam C changes frequency by applying 
plate voltage to the 500-kc oscillator for one-half 
the time and then applying plate voltage to the 
8280 kc oscillator for tlie other half. Cam D con¬ 
trols the modulator feedback circuit in the automatic 
position so that the signal is modulated on 500 kc 
and not modulated on 8280 kc. 

The hand-driven generator is provided with a 
built-in a-f and r-f filter, and an automatic voltage 
regulator as shown in Figure 14-2. Do not disturb 
the adjustment for the automatic voltage regulator 
unless absolutely necessary, in which case the arma¬ 
ture and contact spacing must be maintained exactly 
as specified on the inside of the machine cover. 

The radio receiver uses four tubes in the r-f, i-f, 
and a-f circuits, and a voltage regulator tube, as 
shown in Figure 14-2. 

(a) For 500-kc reception, tubes V-105 and V-106 
function as r-f amplifiers. 

(b) For 8280-kc reception, tube V-IOS operates 
as a pentagrid converter to deliver an inter¬ 
mediate frequency of 500 kc. Under these 
conditions, the oscillator section of V-105 is 
tunable from the panel to permit reception of 
signals between 8100 and 8600 kc. 

(c) Tube V-107 functions as a detector and the 
first audio stage and also provides A VC. 

(d) Tube V-108 is the second audio or output 
tube and delivers its signal to the receiver 
in the handset through transformer T-102. 

(e) The voltage regulator tube V-109 maintains 
substantially constant the 105 volt supply 
used by some of the tubes. 

(f) Volume control R-122 is connected in the 
cathode circuits of V-105 and V-106. 
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Fir. 14-3 The RMCA model ET-8030 transmitter-receiver installed 
in a lifeboat 


The send-receive relay K-101 is a double-throw 
unit. Operation of this relay is unique in that the 
relay coil is energized in the “receive” position and 
de-energized in the ‘"transit” position. This is done 
to enable the transmitter to function in the automatic 
position in the event of relay coil failure. 

The 500-kc antenna variometer uses condenser 
C-14S in parallel with one section of the stator. 
This provides a high-impedance trap circuit for 
8280 kc so that power on that frequency is passed 
on to the “send-receive” relay and not shunted to 
ground by L-107. A small loading inductor L-108, 


permanently connected in series with the antenna 
lead, equalizes 8280-kc loading to the antenna. The 
500-kc antenna indicator 1-102 is coupled through 
C-143 and C-144 and also through the capacitance 
of one of the switch positions to provide proper 
voltage for the neon lamp. The 8280-kc neon an¬ 
tenna indicator is coupled by means of a small coil 
to the 8280-kc tank inductor L-106. 

The microphone in the handset obtains its voltage 
from R-113. This resistor carries the cathode cur¬ 
rent of the modulator and power amplifier tubes. 
The d-c bias for the control grid on the modulator 
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tube is obtained from the junction between R-108 
and R-IOQ, these two resistors, in series, functioning 
as the power amplifier grid leak. 

14-lb. Antenna Instructions—Always use the 
kite when wind velocity permits (7 to 40 miles per 
hour). Use the balloon in calm weather. The bal¬ 
loon can only be inflated once and will remain aloft 
for about two or three days. With either kite or 
balloon, use the 300-foot length of wire wound on 
the bakelite reel in the top hinged cover of the set. 
For a sailing mast antenna, use the 50-foot length 
of heavy flexible wire and the three insulators in 
the spare parts box. Use sailing mast antenna as 
a last resort because set will give much greater 
range with the 300-foot kite or balloon antenna. 

1. Kite Assembly (see Figure 14-4). Assemble 
the two halves of the kite by pressing together 
tightly the four tubular supports until they snap into 


tearing. Creases in balloon will clear during infla¬ 
tion. Fasten safety clasp on antenna wire to both 
cord loops on neck of balloon. Remove rubber 
safety plug from neck of balloon. Wet inflating 
nozzle on helium cylinder. Push neck of balloon 
all the way down on nozzle. Open cylinder valve 
very slmvly. Avoid (juick rush of gas until diame¬ 
ter of balloon is 18 inches. Then open valve fur¬ 
ther until all gas is used. Balloon diameter will be 
about 4 feet. Remove balloon from nozzle, wet 
rubber safety plug and insert tightly into balloon 
neck. Send balloon aloft, using all antenna wire 
on reel. Make sure black lead is clipped to con¬ 
nector on antenna support. 

14-lc. Technical Characteristics—The techni¬ 
cal characteristics tabulated below are those speci¬ 
fied by F.C.C. The ET-8030 equipment ecjuals 
these requirements: 


Oper. Frcq. 
{kc) 

Frerjuency 

Tolerance 

(%) 

Type of 
Emission | 

Modulation 

Percent 

1 

Modulation 

Frequency 

(cycles) 

Power Output 

Long Anteimu 
(watts) 

Power Output 
Short Antenna 
(watts) 

500 

0.5 

A2 

70 min. 

450-1250 

5 

2 

500 

0.5 

A3 

70-100 

400-3000 

4 (carrier) 

1.5 (carrier) 

8280 

0.02 

A1 

0 

0 

4 

3 

8280 

0.02 

A3 

70-100 

400-3000 

4 (carrier) 

3 (carrier) 


position. The pair tied together by a cord should 
mate. Next, press outward on the two center 
spiders until they snap into position slightly beyond 
dead center. This makes kite fabric taut. Then 
fasten clasp on end of antenna wire to the lower 
eye on the kite for light winds, or to the upper eye 
for strong winds. Toss kite into air to leeward, 
taking care that it does not foul in the sea. Wet¬ 
ting the kite should be avoided. Allow kite to carry 
aloft the 300 feet of wire on antenna reel and lock 
reel. Make sure flexible black wire is clipped to 
metal connector on antenna support. 

2. Balloon Inflation (see Figure 14-5). Open 
sealed container using key soldered to lid. Care¬ 
fully remove balloon, lay it out lengthwise and avoid 


1. Antenna Characteristics, For power output 
measurements the long and short antennas referred 
to above have the following characteristics: 

Long antenna: 

500 fifil and 15 ohms at 500 kc. 

300 ohms (no capacitance) at 8280 kc. 

Short antenna: 

1(X) fifii and 10 ohms at 500 kc. 

50 ohms (no capacitance) at 8280 kc. 

The transmitter output circuit on 500 kc provides 
sufficient continuous variation of inductance to reso¬ 
nate an antenna of 80 to 750 fi/ii capacitance and 
10 to 20 ohms resistance. 
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Fig. 14—S. Balloon inflation. 


2. Transmitter Frequency Control, Pretuned to 
500 kc and 8280 kc. Self-excited oscillator for 
500 kc. Separate crystal controlled oscillator for 
8280 kc. 

3. Keying Characteristics. The automatic key¬ 
ing device in the transmitter, for an interval of one 
minute, provides: Three SOS signals for about 15 
seconds, a long dash for about 15 seconds, all on 
500 kc. Circuits are then switched automatically 
to 8280 kc and the same sequence of SOS and long 
dash signals is repeated for approximately the 
remaining 30 seconds. 

4. Power Supply. Built-in hand-driven gener¬ 
ator, with automatic voltage regulator, a-f and r-f 
filters, 50 to 70 rpm crank speed, normal speed 60 
rpm, delivering 325 volts, .11 amp d.c. and 6.3 volts, 
2.5 amp d.c. Maximum horsepower required is 
.15 h.p. 

5. Receiver Sensitizniy. The radio receiver on 
500 kc deliver 6 milliwatts of audio power into an 
80-ohm resistor with a *signal-to-noise power ratio 
of 10 to 1 with an input of not more than 25 micro¬ 
volts modulated 30 percent at 400 cycles. On 8280 
kc, the receiver requires not more than 100 micro¬ 
volts input under similar conditions. 

6. Receiver Selectwity. The receiver selectivity 
is at least equal to the following tabulation; 


Ratio: Input Votlagf Off Rfsononcr Bandwidth Bandwidth 

to Vaitagf at Rasonance 500 he SdSO kc 

10 (20 r>B) 20 kc 30 kc 

100 (40 DB) 40 kc 60 kc 

1000 (60 DB) 60 kc 90 kc 


7. Recewer Fidelity and Audio Output Pozver. 
The over-all electrical fidelity of the receiver, from 
a reference frequency of 1000 cycles, does not ex¬ 
ceed 4 db for any frequency between 4(X) and 2000 
cycles. The mjiximum undistorted audio output 
power is not less than 10 milliwatts. 

14-ld. Operation 

1. Generator. Remove generator cranks at time 
of raising antenna wire support. Insert cranks in 
sockets at each side of set. Crank generator in 


direction of arrozvs at 60 rpm (one revolution each 
second). For long period operation put one man 
on each crank. In all cases, the radio set must be 
adjusted to deliver power to the antenna as outlined 
in the following paragraphs. To avoid fatigue, fol¬ 
low a regular routine in cranking after set has been 
placed in operation. For example, when using 
‘‘Automatic SOS,” crank generator for 2 or 3 min¬ 
utes, then rest for 10 minutes. For details on ad¬ 
justments for automatic and manual operation, refer 
to following instructions. 

2. Transmitting Tuning and .Automatic Opera¬ 
tion. Have someone crank generator. Place mas¬ 
ter SWITCH in position 1 (Manual 500). Press 
TELEG KEY and hold it down. Now carefully rotate 
knob A until 500 kc neon light shows maximum 
brightness. This knob normally will turn “hard” 
at certain points and may be rotated 2^2 revolutions 
while tuning 500 kc. Next place master switch 
in position 3 (Manual 8280), hold down tki.eg key 
and rotate knob B until 8280 kc neon light glows 
brightest. Knob B rotates only I /2 revolution. 
This completes transmitter tuning, master switch 
may now be placed in position 2, and automatic 
transmission will take place on 500 kc and 8280 kc. 

3. Manual 500-kc Operation. Position 1 of the 
MASTER SWITCH provides 500-kc telephone and tele¬ 
graph transmission and reception. To telephone 
use handset, push black press-to-talk button while 
talking and release button to listen. To transmit 
SOS, use black teleg key button and send three 

shorts, three longs and three shorts (- 

-). To transmit auto alarm signal, use watch 

with second hand, hold key “down” four seconds, 
“up” one second, “down” four seconds, “up” one 
second, etc., for two minutes. Alarm signal is 
effective only when transmitted on 5(X) kc. 

Receiver is pretuned for 5()0-kc reception, and the 
only adjustment is the knob marked receiver 
volume. 

4. Manual 8280-kc operation. Position 3 of the 
master switch provides 8280-kc telephone and 
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telegfraph transmission and reception. Operation is 
similar to that described for 500 kc, except that the 
radio receiver may be tuned for signals between 
8100 and 8600 kc. Receiver does not respond to A1 
(continuous waves) signals. The radio operator 
will understand that 8280 kc is preferable for long 
distance communication, or for very short distances, 
as between lifeboats. Five hundred kc is preferable 
for medium distances, direction finder bearings by 
the rescuing ship, etc. Telephone transmission and 
reception between lifeboats on either 500 kc or 8280 
kc is recommended and both frequencies should be 
tried in making contacts. Carefully adjust receiver 
TUNING and RECEIVER VOLUME for bcst results. 

14-le. Testing and Special Instructions —The 
best time to acquire practice with this set is before 
it may be needed in an emergency. Learn how to 
adjust the controls by testing with the RM-33 arti¬ 
ficial antenna. Explain to other members of the 
crew how to use the set. A good time to make tests 
is before or after regular lifeboat drills, when the 
lifeboat cover is off. 

Remember that SOS signals arc transmitted in 
the AUTOMATIC position and such operation should 
be limited to tests with the artificial antenna. 

The artificial antenna unit, type RM~33, will be 
found in the spare parts box. This unit has brack¬ 
ets so that it may be supported by the hinged cover 
of the set for test purposes. Connect the heavy 
black lead from the set to the post of the RM--33 
marked ant. Connect the green lead (gnd) on 
the RM-33 to one of the bright screws used to 
anchor the crank chains. 

Have someone crank the generator in the right 
direction at 60 rpm. Tubes require about 15 sec¬ 
onds to warm up. Place master switch in position 
1 and practice adjusting transmitter tuning knob 
“A” until 500 kc neon light shows maximum bright¬ 
ness. Knob “A*^ rotates through two and one-half 
revolutions. Next, place master switch in posi¬ 
tion 3 and practice adjusting transmitter tuning 
knob ‘‘B'’ until 8280-kc neon light is brightest. The 
white light on the RM-33 artificial antenna will also 
glow when the transmitter is properly adjusted for 
both frequencies. 

The radio receiver is energized in manual posi¬ 
tions 1 and 3. If desired, the artificial antenna 
may be disconnected and 25 or more feet of wire 
from the antenna reel may be stretched out to 
pick up test signals. The flexible black lead should 
be fastened to connector on antenna support for this 
test. Do not operate transmitter under these condi¬ 
tions as signals will be radiated. 

Automatic operation using the RM-33 artificial 
antenna may also be checked. Three SOS signals, 
followed by a 15-.second dash, are transmitted on 
500 kc and the circuits are then automatically trans¬ 
ferred to 8280 kc for a similar group of signals. 
This sequence takes place as long as the generator is 
cranked when the master switch is in the auto¬ 


matic position. 500-kc signals are modulated (A2 
emission), while 8280-kc signals are continuous 
waves (A1 emission). 

When wind conditions permit, and if the lifeboat 
is waterborne, practice may be gained in assembling 
and flying the kite. With a wind force of 3 (gentle 
breeze 8 to 12 miles per hour), use the lower eye 
on the kite. Use the upper eye with a wind force 
of 6 (strong wind 25 to 31 miles per hour). 

The helium cylinder contains only enough gas to 
inflate the balloon once and, therefore, the balloon 
cannot be inflated for tests. Keep the valve on the 
end of the cylinder hand tight, but do not force the 
valve as this may damage the valve seat. Review 
instructions in paragraph 14-lb to understand in¬ 
flating the balloon for an emergency. 

During actual emergency operation, and when 
using the kite or balloon antenna, always remember 
to latch the antenna wire under the metal connector 
on the wood antenna support, and also fasten the 
flexible black lead from the front panel to the con¬ 
nector. This will allow static charges to drain off 
through the set when the antenna wire is held in 
the hand during elevation of the kite or balloon, 
and also provides a permanent antenna connection 
when the set is in use. 

The reel for the kite or balloon antenna holds 300 
feet of flexible wire. Normally, when the kite or 
balloon is sent aloft, all of the wire should be used 
and the reel then tightened with the lock provided. 
If wind conditions prevent the kite from carrying 
aloft the entire length of wire, let out as much wire 
as conditions permit. Likewi.se, if the balloon, after 
being inflated for considerable time, loses some of 
its lift, use less than the 300-foot length, if neces- 
.sary. In all cases be sure to keep the antenna cir¬ 
cuit resonated for the particular length of antenna 
wire in u.se by carefully adjusting knobs A and B 
on the panel. 

The wood antenna support insulates the antenna 
wire. It is important to keep this support dry to 
avoid leakage which cuts down the range of the 
set. I f the support becomes covered with salt spray, 
it should be wiped off frequently. 

When a sailing mast type of antenna is used, as 
shown in Figure 14-6, the antenna wire on the reel 
is not used. Instead, erect the antenna with the 
large wire and the insulators furnished in the spare 
parts box, feed the lead-in through the top of wood 
antenna support and clip it directly to the flexible 
black lead from the set. 

When the lifeboat is under sail, or when a canvas 
spray hood is used, remember that the antenna wire 
must be kept clear from such objects. Otherwise, 
wet objects which touch the antenna wire will cause 
leakage and reduce the effectiveness of the set. 
Keep an eye on the ground connection. With a 
wood hull lifeboat, the 20 foot length of ground wife 
with attached sinker must be kept over the side. 
With metal hulls, inspect the ground connection to 
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NOTE: WITH SAILING MAST ANTENNA 
00 NOT USE SMALL WIRE ON ANTENNA 
REEL. BRING LARGE FLEXIBLE ANTENNA 
WIRE THRU WOOD SUPPORT AND CON¬ 
NECT IT DIRECTLY TO CLIP ON 
BLACK LEAD FROM RADIO SET. 


n” INSULATOR 




Fig. 14—6. Sailinj; mast antenna. 


make sure it is not corroded or broken off. As witli 
any radio set, this equipment needs a suitable an¬ 
tenna and ground connection. 

The radio receiver in the set responds to modu¬ 
lated telegraph and telephone signals. When carry¬ 
ing on two way communication, instruct the other 
station not to use continuous wave (Al) signals. 

The purpose of the long dash, transmitted with 
A2 emission on 500 kc, and with Al emission on 
8280 kc, is to enable ship stations or shore stations 
to take radio direction tinder bearings on the 
lifeboat. 

If the set has been installed on a sub-base, inspect 
the eight clamping dogs to make sure that they are 
tight. These dogs hold the bottom of the binnacle 
to the sub-base. 

Maintenance 

1. Desiccant Cartridge. 'J'his unit is accessible by 
removing the pipe plug in the lower rear section of 
the binnacle. A clamp on the inside of the plug 
holds a plastic cartridge which is filled with an 
air-drying material known as silica gel. The car¬ 
tridge is Ceco part No. 1176 and is marked ‘‘AN 
4061-1.” New unu.sed cartridges are protected 
from the entrance of air by a red cap cemented on 
the end. When a new cartridge is placed in the 
pipe plug clamp, the red cap should be removed and 
discarded and the cartridge placed in the clamp so 
that the open end is toward the inside of the set. 
The silica gel in a new unused cartridge is blue in 
color. As the material absorbs moisture, it will 
change in color to pink, indicating the need for re¬ 
placement. The threads on the pipe plug should be 
coated with oil or grease, each time the plug is 
removed, to insure easy replacement and to avoid 
corrosion. Maintenance personnel are cautioned 
not to remove the chassis from the binnacle unless 
absolutely necessary for repairs, as this would dis¬ 
turb the dry air inside. 

2. Generator Lubrication, The ball bearings in 
the hand-driven generator are packed with grease 
for the life of the machine and should not be dis¬ 


turbed. However, a few drops of light oil should 
be placed periodically in the oil hole above the crank 
sockets on the outside of the binnacle. Also place 
a few drops of light oil on the spring inside the 
two cover clamps. 

3. Binnacle Disassembly. To repair parts, re¬ 
place tubes or to remove hand generator, proceed 
as follows: 

(a) Remove the two hexagon bolts in the upper 
rear corners of binnacle and the two similar 
bolts in the corners of the front panel. 
When these four bolts have been removed, 
the “head” should be lifted straight out so 
that the entire assembly may be removed 
from the binnacle. With the hinged cover 
closed, the assembly may then be inverted 
and the chassis worked on for repairs or 
tube replacement. 

(b) To remove the chassis completely from the 
head, unfasten the five flexible couplings and 
remove the six hexagon bolts inside the head. 
Disconnect leads from both terminal blocks, 
the two leads to the indicator lights and the 
Packard cable antenna lead. I'his then pro¬ 
vides access for removing the hand gener¬ 
ator, if necessary. 

(c) To remove the generator, free the two angle 
brackets inside the head, remove both crank 
socket glands (four hexagon bolts per 
gland), and then remove the four hexagon 
bolts from the top center section of the 
head. 

(d) When replacing the generator, care must be 
taken to insure correct alignment. First 
tighten the four hexagon bolts in the top of 
the head. Then carefully tighten the four 
bolts in each of the crank socket glands. 
Before these bolts are drawn up tightly, 
insert the cranks and rotate the machine to 
check alignment. If the armature does not 
rotate freely, shift the glands slightly and 
then tighten. Then fasten the two angle 
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brackets inside the head so that they bear on 
the cover plate of the generator. 

(e) All tubes are held in their sockets by means 
of circular spring clamps. To remove a 
tube, press the clamp toward the chassis. 
All tube sockets are labelled with the correct 
tube type. 

4. Watertight Seals. The main rubber gasket be¬ 
tween the head and the binnacle should be in good 
condition. The four hold-down bolts, which seal 
this gasket, should be drawn up evenly to insure a 
good seal. Each control shaft has a watertight seal 
inside the head. The hexagon nuts under the knobs 
should be kept tight. The seals for the three indi¬ 
cator lights must be tightened from the inside of the 
head, as well as the seals for the two push button 
switches. The bushings for the antenna lead and 
the handset cord may be tightened from the outside. 

5. Painting. If paint has been scraped from any 
part of the binnacle or head, new paint should be 
j«pplied to protect the aluminum parts from corro¬ 
sion. Direct particular attention to the base of the 
binnacle and the sub-base, keeping these parts 
painted where water is apt to accumulate. Also 
apply a few drops of oil to each of the eight clamps 
on the sub-base so that the wing nuts turn freely. 

14-lg. Service Notes—In servicing the equip¬ 
ment, locating and correcting troubles, and to re¬ 
place tubes, reference should he made to Figure 
14~2 as well as the section covering maintenance. 
Resistors, inductors, transformers may be checked 
for continuity by conventional ohmmeter measure¬ 
ments. In checking condensers, the circuit must be 
analyzed to take into account other elements such 
as resistors which may be shunted around con¬ 
densers. Defective tubes or indicator lights may be 
located by replacing such tubes or lights, one at a 
time, in their respective sockets. 

When the transmitter-receiver chassis is removed 
from the binnacle for service work, it should be 
filaced on its back so that the controls on the front 
panel face upward for accessibility. Care should be 
taken not to damage any of the components when 
the set is out of the binnacle. Since it is not con¬ 
venient to crank the generator when the set is on its 
back, it is possible to use a 6-volt storage battery to 
drive the generator, at low speeds, as a dynamotor 
for test purposes. To do this, connect the 6-volt 
battery with the positive lead on terminal 7 and the 
negative lead on terminal 8 of terminal block H-102. 
Do not remove any of the normal leads to the ter¬ 
minal block. A knife switch should be used in 
series with the battery to turn the power on and 
off. As a general rule, it will not be necessary to 
use 6-bolt battery operation unless defective parts 
cannot be located as outlined above. It is empha¬ 
sized that service personnel should not disturb any 
of the factory settings of iron cores, trimmer con¬ 
densers, etc., unless it is clearly evident that re¬ 


alignment is mandatory. If the transmitter is tested 
with 6-voll battery supply, the neon indicator lamps 
may not glow because of the low power obtained 
under this condition. However, when necessary, 
the SOO-kc oscillator and P.A. tank circuits, the 
8280-kc oscillator tank, and the receiver circuits 
may be aligned as detailed on pp. 607. 

Service work which involves transmitter or re¬ 
ceiver alignment should preferably be done by re¬ 
moving the equipment to a service shop where ade¬ 
quate test facilities are available. If the work must 
be done aboard ship, test signals for the receiver 
on 500 kc and 8280 kc may be obtained by running 
the appropriate shipboard transmitter on low power 
with the transmitter antenna disconnected. If this 
is done, great care should be exercised not to over¬ 
load as the circuits cannot be peaked if the signals 
are too strong. Receiver alignment on 500 kc 
should be performed first, using a weak modulated 
signal and keeping the receiver volume control ad¬ 
justed to prevent overload. The 500-kc r-f input 
for the receiver is peaked by adjusting carefully the 
iron core in Z-’104. Then peak the amplifier cir¬ 
cuits by adjusting the iron core in Z-102 and both 
iron cores in Z-103. This completes 500-kc receiver 
adjustments. 

To align the receiver using a weak modulated 
8280-kc signal, first tune the signal with the tuning 
control on the front panel. Then, keeping volume 
low, adjust C--120 in the 8-nic r-f input unit Z-lOl. 
The white dot on the receiver tuning knob for an 
8280-kc signal should indicate resonance when it is 
slightly below the 8300-kc calibrated point. If this 
condition is not obtained, place the white dot on 
8600 kc, using 8600-kc signal, and adjust C-122. 
Then set white dot on 8100 kc, use an 8100-kc signal 
and adjust iron core in L-109. Manual position 1 
(500 kc) or manual position 3 ( 8280 kc) of the 
MASTER SWITCH sliould be used as required when 
aligning the receiver and transmitter. 

To adjust the 500-kc master oscillator in the 
transmitter using an accurate frequency meter, move 
the iron core in L-103 until the correct frequency 
is obtained. When this adjustment is made, the 
500-kc P.A. tank inductor, L-105, must be kept in 
resonance by means of its iron core, and the trans¬ 
mitter loaded out into the artificial antenna. 

To adjust the 8280-kc crystal-controlled oscil¬ 
lator, a 0-25 volt d-c voltmeter should be tempo¬ 
rarily connected across R-109. The voltmeter will 
then read a portion of the rectified P.A. d-c grid 
voltage. Then adjust the iron core in L-102 for 
maximum voltage. Under these conditions, the 
8280-kc P.A. tank should be kept in resonance by 
adjusting front panel control C-116, and the trans¬ 
mitter loaded out into the artificial antenna. For 
botli SOO-kc and 8280-kc transmitter adjustments, 
use the local shipboard receiver to check telephone 
modulation and telegraphic keying. 
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If transmitter operation is normal with both 
manual positions of the master switch and if the 
correct sequence of operation is not obtained in the 
AUTOMATIC position, the keying unit K-102 should 
be inspected. If the keying motor is not rotating, 
the four cams will have stopped at some point and 
no automatic sequence will take place. Remove the 
commutator cover of the keying motor, inspect com¬ 
mutator and brushes, and carefully clean or adjust, 
if necessary. These parts have small dimensions 
and extreme care must be exercised not to damage 
them while cleaning. With the motor running, the 
follower which slides on each cam should operate 
freely to insure positive action of the microswitches 
actuated by the followers. A single drop of light 
oil may be placed on each cam and on the exposed 
shafts and gearing. Do not disturb or lubricate 
the sealed gear train of the keying unit. Correct 
motor speed may be checked by noting that the 
SOS cam makes one revolution in approximately S 
seconds, or the other three cams make one revolu¬ 
tion in approximately 60 seconds. 

Before reassembly of the units in the binnacle, 
check* that all terminal board connections are tight, 
tubes held firmly in their sockets by the clamps, crys¬ 
tal clamped tight, and all set screws on flexible 
couplings and other shafts properly fastened. Also 
replace the desiccant cartridge, if the silica gel is 
pink in color. 

14-lh. Compliance with Government Regula¬ 
tions—The model ET-8030 lifeboat radio equip¬ 
ment was approved by the Federal Communications 
Commission on December 29th, 1044, for compliance 
with the requirements of section 8.210(b) and with 
an over-all weight not to exceed 160 pounds, includ¬ 
ing a 35-pound shatterproof type of helium gas 
cylinder. 

Accessory equipment Outlined below has also been 
approved by the Federal Communications Commis¬ 
sion and the U. S. Coast Guard: 

1. Dewey and Almy Chemical Company, Darex 
type N-4 neoprene balloon in nitrogen filled sealed 
container. 

2. Radiomarine Corporation of America, type 
RM~3S nonshatterable helium cylinder, manufac¬ 
tured by the Harrisburg Steel Corporation. 

3. Hoffman Radio Corporation, part No. M- 
357~A, collapsible, box type kite having dimensions 
of 17 by 17 by 36 inches when ready to fly. 

The model ET-8030 lifeboat radio equipment also 
complies with the requirements of the U. S. Mari¬ 
time Commission. 

14-li. Note Regarding Balloon—The Darex 
type N-4 balloon is packed in a metal can 5% inches 
high and 4^4 inches diameter. When the balloon 
is packed in the can at the factory, it is hermetically 
sealed and a small amount of nitrogen gas is placed 
in the can, under pressure, to protect the neoprene 
rubber from deterioration. The balloon itself 
weighs about 11 ounces. Balloon diameter when 


not inflated is 36 inches. When fully inflated from 
the type RM-35 helium cylinder, the balloon diame¬ 
ter is about 48 inches. The balloon will not burst 
until a diameter of approximately 96 inches is 
reached. A can opener *‘key’* is soldered to the top 
of the can. This key fits the sealing strip for re¬ 
moval of the can cover. 

A new balloon is white in color. After exposure 
to the sun (as in normal use), the color changes to 
brown. When inflated to 48-inch diameter, the 
balloon will lift a weight of about 20 ounces. Since 
the 300 feet of wire furnished on the antenna reel 
weighs 11 ounces, it will be apparent that an excess 
lifting capacity of 9 ounces is available. This is to 
take care of moderate wind pressure and the gradual 
loss of lift which takes place from diffusion of the 
gas while the balloon is aloft. The balloon will fly, 
even in hot sunlight, for a period of several days, 
losing lift at the rate of about one-tenth to two- 
tenths of an ounce per hour. 

The balloon has an internal self-closing valve. 
When the inflating nozzle on the helium cylinder is 
pushed through the neck of the balloon, it opens the 
internal valve. When the nozzle is withdrawn, the 
valve closes. For additional safety, to prevent 
leakage of gas, the rubber stopper plug should be 
tightly inserted in the neck of the balloon. If the 
neck of the balloon is not pushed down over the full 
length of the inflating nozzle, the internal balloon 
valve will open due to the high gas pressure and a 
loud whistle will be produced while the balloon is 
being inflated. 

14-lj. Note Regarding Helium-filled Cylinder— 

The type RM--35 helium-filled cylinder and valve 
assembly is approximately 21 inches long and 7V^ 
inches in diameter. Weight is about 35 pounds. 
The helium gas in this cylinder is colorless, odor¬ 
less, non inflammable, and nontoxic. However, it 
must be understood that the gas in the cylinder is 
under high pressure, approximately 2000 pounds per 
square inch, and for this reason the cylinder valve 
should not be tampered with, and the valve only 
opened when a balloon is to be inflated or when 
the gas pressure is to be checked. 

RM-35 cylinders are shipped with a gas-tight 
cap nut on the valve outlet. After the ET-8030 
installation has been completed, the cap nut is to be 
removed and replaced by the inflating nozzle, taking 
care to tighten the nozzle nut properly. Note that 
cap nut and inflating nozzle nut use left hand 
threads, and therefore, must be turned to the right 
to remove. The cap nut should always be tightly 
fastened to the valve outlet whenever cylinders are 
shipped for refilling or replacement. Both the cap 
nut and inflating nozzle are chain fastened to the 
valve to prevent loss. For checking gas pressure, 
the inflating nozzle is to be removed and a pressure 
gauge fastened in its place temporarily. Caution: 
Always keep cylinder valve closed when installing 
or removing cap nut or inflating nozzle. 
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As the cylinder is dischargfed during: infl«ation of 
the balloon, the cylinder temperature will drop and 
the cylinder will become quite cold to the touch. 
This is normal. To protect the cylinder from ex¬ 
cessive pressure, due to hig:h temperatures (in the 
event of a fire near the cylinder), the valve is pro¬ 
vided with a fusible safety plug which will melt 
and release the gas pressure under such conditions. 
The cylinder itself is constructed of shatterproof 
steel alloy as an additional safety precaution. 

14-lk. Note Regarding Kite —The M~357-A 
kite weighs about 13 ounces and is stowed in a 
collapsed form in the spare parts box. When as¬ 
sembled, the kite is approximately 17 by 17 by 36 
inches. Flotation pockets are built into the kite 
fabric so that it is buoyant in case it falls into 
the wSea. 

If the kite is tested and the fabric becomes wet 
or damp as a result of the test, care should be taken 
to dry the unit before it is disassembled and re¬ 
packed in the spare parts box. 

14-2. RMCA Model ET-8022-C Lifeboat 
Transmitter-receiver —The ET-8022-C lifeboat 
equipment comprises two major units. One unit 
consists of a compact transmitter and receiver 
mounted in a watertight cabinet and provided with 
a watertight door which may be opened for access 
to the controls. The second unit is a small hand 
driven generator which furnishes the power required 
by the transmitter-receiver unit, thereby eliminating 
all batteries or other sources of power supply. The 
hand driven generator is provided with crank han¬ 
dles so that one or two persons may readily rotate 
the machine. The hand driven generator is pro¬ 
vided with built-in gearing so that when the cranks 
are turned at a speed of approximately once per 
second (60 rpm), the generator armature rotates 


at high speed to produce the necessary voltages. 
The generator also includes an automatic voltage 
regulator so that exact speed of rotation of the 
crank handles is not required. 

One of the most important features of the ET- 
8022-C is the provision for both radiotelephone and 
radiotelegraph communication. This means that, in 
an emergency, any layman may operate the set as a 
telephone transmitter and may broadcast by voice 
to .summon aid. Where two or more lifeboats arc 
equipped with this apparatus, they may keep in 
contact with one another by direct two way voice 
communication. The provision for radiotelegraph 
enables the radio operator or anyone familiar with 
the code to exchange telegraph signals with other 
vessels. The equipment may also be used by any¬ 
one to transmit continuous telephone or telegraph 
signals to enable rescuing vessels equipped with 
radio direction finders to locate the lifeboat. 

14-2a. Technical Characteristics 

1. Power Output, The radio transmitter is de¬ 
signed to deliver approximately 3 to 4 watts of 
net antenna power, exclusive of all set losses, when 
operating into an antenna having a resistance of 10 
ohms and a capacitance of 100 fifii. Tests made 
with a typical installation have disclosed that, under 
normal conditions, a telephone communication range 
of 25 to SO miles and a telegraph range of 50 to 
100 miles may be expected. 

2. Frequency, The radio transmitter and re¬ 
ceiver are pre-tuned to the international distress 
frequency of 500 kc (600 meters). 

3. Frequency Control, The transmitter uses a 
ma.ster oscillator-power amplifier type of circuit to 
provide a frequency tolerance within plus or minus 
0.3 percent. 
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4. Modidation. For telephone transmission, A3 
modulation with 100-percent modulation of the car¬ 
rier wave may be obtained. For telegraph trans¬ 
mission, when the key is closed, the modulator tubes 
function as self-excited audio oscillators and modu¬ 
late the carrier wave in excess of 100 percent for 
positive peaks at an audio frequency between 500 
and 900 cycles. This provides a relatively broad 
telegraph signal desirable for calling other vessels. 

5. Antenna Characteristics, The transmitter is 
designed to load into any antenna having a capaci¬ 
tance from 60 to 600 fifii and a resistance from 4 to 
10 ohms. 

6. Antenna Construction. Refer to Figure 14-10 
for details of antenna construction. 

In all cases, the masts must be of wood and not 
metal. If guys are used on the masts, they must be 
made of rope since metallic guys will greatly reduce 
the effectiveness of the antenna. 

7. Hand-driven Generator Rating, The hand- 
driven generator is a double voltage unit designed 
to deliver 6.3 volts and 3.6 amp for filament supply, 
and 315 volts, 200 nia, for plate supply. 

8. Automatic Keying Mechanism. The automatic 
keying mechanism comprises a small 6-volt motor 
and a gear train which operates a keying wheel. 
This wheel transmits SOS three times and a long 
dash for each revolution. The keyer motor runs at 


all times when the hand-driven generator is cranked 
and when the manual-automatic switch is placed 
in the automatic position. This arrangement, 
therefore, enables anyone not familiar with the code 
to transmit SOS and long dashes by following the 
instruction card. 

14-2b. Transmitter Adjustments—The oscil¬ 
lator adjustment for the transmitter, for setting on 
500 kc, is the iron-core coil mounted vertically to 
the left of the terminal board. The iron core in 
this coil has been carefully adjusted in the labora¬ 
tory for 500 kc, and normally should not be altered. 
If, however, it is ever necessary to adjust the fre¬ 
quency, this is done by using an accurate frequency 
meter and moving the core up or down, after which 
it should be locked with the hex nut on the core 
.shaft. 

The power amplifier tank inductor is a unit 
mounted near the center of the front panel with the 
shaft of the adjustable iron core projecting through 
the front panel. This coil likewise is adjusted in 
the laboratory and should not be disturbed until addi¬ 
tional adjustments have been made of antenna cou¬ 
pling and antenna tuning, as outlined below. 

With antenna erected and the hand driven gener¬ 
ator in operation, it is necessary to select the proper 
tap on the antenna loading inductor and the proper 
position for the coupling switch. Place the cou- 
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Fig. 14-10. Antenna arrangement for the RMCA model ET-8022-C lifeboat radio. 


pling switch at position 3 for a preliminary adjust¬ 
ment. Locate the flexible lead on one of the taps 
of the antenna load coil, close the push button on 
the handset, and adjust the antenna tuning knob for 
maximum antenna current. The movement of the 
adjustable iron cores in the antenna load coil is a 
maximum of 1% inches. This corresponds to 53 
complete revolutions of the tuning knob. It is very 
important to select a tap on tht antenna load coil 
w'hich requires the core to be approximately half 
way in for antenna resonance. This is to provide 
plenty of leeway of antenna tuning under service 
conditions where the capacity of the aerial may be 
a little more or less than the capacity at the time the 
set is installed and adjusted. In other words, the 
correct antenna load coil tap should be the one which 
permits the tuning knob to be rotated at least 15 to 
25 revolutions in either direction from resonance. 

The power amplifier plate current, antenna cou¬ 
pling, and a retrimming of the P.A. tank core 
should now be checked. The correct value of P.A. 
plate current as read on the panel meter, with the 
antenna resonated, should be approximately 50 to 
60 ma. The seven-position coupling switch marked 
**0-l-2-3-4-5-6^* is wired so that antenna coupling 
is increased if the switch is adjusted to lower num¬ 
bers, while it is decreased if the switch is adjusted 
to higher numbers. Therefore, if the P.A. plate 
current is less than 50 ma, try positions 0-1-2 or 3 
on the coupling switch. If the plate current is 
more than 60 ma, .try positions 3-4-5 or 6. When 
the correct coupling switch position has been deter¬ 
mined, disconnect the antenna, loosen the hex lock¬ 
nut on the P.A. core shaft (to the right of antenna 
meter) and then carefully move the core in or out 
a little until the plate meter reads the lowest value. 


Minimum P.A. plate current under this condition 
will be approximately 25 ma. Then lock the P.A. 
shaft, reconnect antenna, resonate antenna for maxi¬ 
mum current and check P.A. plate current and the 
antenna coupling switch position to note that ap¬ 
proximately 50 to 60 ma plate current is obtained. 
The point to keep in mind is that readjustment of 
antenna coupling slightly detunes the P.A. tank cir¬ 
cuit requiring a readjustment of the latter, if an¬ 
tenna coupling is changed. 

Make all transmitter adjustments with the 
MANUAL-AUTOMATIC switch in the MANUAL position. 

The transmitter should then be checked for modu¬ 
lation by whistling into the microphone and noting 
that the antenna current increases by approximately 
15 percent. Telegraph operation should then be 
checked by closing the key which produces a modu¬ 
lated signal. Antenna current will, therefore, be 
higher when the telegraph key is closed than it is 
with the handset push button closed, with no speech 
into the microphone. 

The telegraph key is mounted on the chassis in 
such a manner that the moving arm of the key actu¬ 
ates a “micro” switch. This switch is a single-pole 
single-throw unit which functions with a very small 
movement of its operating plunger so that the initial 
movement of the key arm closes the “micro” switch 
contacts first, after which the normal key contacts 
close. The “micro” switch contacts close a feed¬ 
back circuit on the two 6V6G modulator tubes 
enabling these tubes to function simultaneously as 
audio oscillators and modulators for A2 telegraph 
emission. Therefore, it is very important to main¬ 
tain a correct adjustment of the telegraph key so 
that when the key is not depressed the “micro” 
switch contacts are open, while when the key is 
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closed the ‘'micro” switch contacts first make and 
then the regular key contacts make. If the moving 
arm of the key is adjusted too close, the “micro” 
switch would be permanently closed, thereby causing 
the 6V6G modulator tubes to oscillate continuously, 
which would prevent telephone communication. 
Correct adjustment of the key may be checked by 
noting a slight “click” as soon as the key knob is 
depressed a little, further travel of the key knob 
then closing the regular key contacts. 

The send-receive relay in the unit is actuated 
either by the handset push button or by the tele¬ 
graph key regular contacts. This relay is equiva¬ 
lent to double-pole double-throw, one pole of which 
transfers the antenna circuit to the receiver or trans¬ 
mitter, while the other pole transfers the 315-volt 
generator circuit to either the transmitter or re¬ 
ceiver. Contacts of this relay should be kept prop¬ 
erly adjusted and cleaned so that the relay makes 
good contact in both the transmit and receive 
positions. 

14-2c. Receiver Adjustments— Normally no ad¬ 
justments of any nature should be made to the radio 
receiver circuits, as all circuits arc properly lined 
up in the laboratory. 


A special input circuit to the first r-f amplifier 
in the receiver is used. This input circuit is the 
transmitter power amplifier tank circuit which is so 
connected that once the p-a tank circuit is properly 
adjusted for the transmitter, it is automatically ad¬ 
justed for 500-kc receiver input. 

The plate circuit of the first r-f amplifier and, 
likewise, the plate circuit of the second r-f amplifier 
are tuned by means of an adjustable iron core in a 
parallel resonance circuit as may be seen from Fig¬ 
ure 14-9. Since the receiver is a tuned radio 
frequency unit, the adjustable iron cores of each 
parallel resonance circuit are adjusted in the labora¬ 
tory using a low input signal for maximum receiver 
audio output. Do not readjust these units, unless 
it is apparent that the receiver sensitivity is low, 
and, if adjustments are made, they should be done 
with a steady 500-kc modulated signal and a low 
adjustment of the volume control. 

14-3. Mackay Portable Emergency Marine Ra¬ 
dio Transmitter 168B —The Mackay 168B radio 
transmitter is a portable emergency equipment de¬ 
signed expressly to meet the requirements of the 
Federal Communications Commission. It complies 
in all respects to Rules 8.209 and 8.210 of the Fed- 



Fig. 14-11. The Mackay model 168B portable emergency marine radio transmitter. 
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eral Communications Commisvsion relating to port¬ 
able lifeboat equipment. 

The equipment is intended to be stored aboard a 
vessel in some location where it is available for 
immediate removal to a lifeboat or similar craft. 
The transmitter is complete with power supply bat¬ 
tery, antenna wire and insulators, grounding lead, 
dummy antenna and essential spare parts. It is 
fully automatic in operation and transmits the inter¬ 
national “SOS” distress signal for approximately 
two minutes after the ‘‘Start” button is depressed. 
Furthermore, the distress characters are interspersed 
with long dashes to permit rescue vessels to obtain 
radio bearings. 

The transmitter output is 5 watts, which is based 
on a typical antenna of 100 -^/if capacitance and 10 
ohms resistance, on the distress frequency of 500 kc. 
The emitted signal is highly modulated, producing a 
tone of about 900 cycles. 

An outstanding feature of the circuit employed is 
a master oscillator-power amplifier which results in 
excellent signal characteristics and good stability 
even though the antenna is swinging considerably. 
The oscillator-amplifier circuit also possesses the 
advantage of permitting the equipment to be oper¬ 
ated with a wide variety of antennas without inter¬ 
nal adjustments. Operation is possible into prac¬ 
tically any type of small antenna as may be found 
possible to erect in a lifeboat or similar craft. This 
transmitter may also be used with a temporary an¬ 
tenna aboard ship should the regular radio apparatus 
be rendered inoperative or the ship^s antenna equip¬ 
ment be destroyed. 

Either the automatic distress signal may be em¬ 
ployed, or the key may be used to transmit conven¬ 
tional telegraph signals. The power supply battery 
permits hourly operations of one cycle (two minutes 
duration) for a period 9 ! at least 48 hours. The 
equipment is contained in a watertight carrying case. 
With the cover removed, the internal apparatus is 
made splash proof by the use of suitable gasketing 
of controls and panel mounted equipment. The total 
weight is approximately 60 pounds. All compo¬ 
nents have been chosen to provide light weight, 
compactness and durability. 

The case which houses the equipment is con¬ 
structed of laminated wood approximately 21^4 
inches long, 16% high and 9% inches deep, suitably 
treated to render it impervious to water and to 
insure ample buoyancy. Rubber gaskets and va¬ 
lences are employed not only to make the equipment 
watertight but to enable it to withstand the rigors 
of actual immersion. Draw bolt baggage clips are 
used to attach the cover. A split handle is provided 
on the top side of the case to permit the equipment 
to be carried by either one or two persons. All 
corners are reinforced with metal fittings, 

14-3a. Arrangement of Components— All of 
the electrical parts and controls which comprise the 
circuits of this equipment, with the exception of the 


storage battery and antenna material and spare 
parts, are mounted on a single detachable panel. 
All controls are equipped with rubber gaskets so as 
to render the equipment splash proof without the 
cover. 

Figure 14-11 shows the appearance of the equip¬ 
ment with the cover removed. The storage battery 
fits into a compartment in the lower center of the 
case, at which point the weight is balanced, facili¬ 
tating carrying and promoting buoyancy. Rubber 
strips attached to the sides of the compartment pre¬ 
vent the battery from becoming damaged as a result 
of rough handling. To the right of the battery is 
another compartment containing the antenna equip¬ 
ment and replaceable spare parts. 

The controls, which arc attached to the removable 
panel, consist of the following: 

At the right center is a three-position switch la¬ 
beled KEYING SELECTOR. This switch also permits 
the hand key, which is placed directly below the 
KEYING SELECTOR switcli, to be Used. 

To the left of the key is the start button, which 
places the equipment in operation for two minutes. 

On the upper portion of the panel, to the left of 
center, is a knob marked antenna selector. This 
is a switch which is used to select the necessary 
inductance for tuning the antenna. Accurate ad¬ 
justment of the antenna circuit is accomplished by 
the control at the left of the panel labeled antenna 
tuning. Above this knob is a window through 
which the neon resonance indicating lamp is 
observed. 

The ground lead is attached to the terminal at 
the lower right marked ground, while an insulated 
terminal at the top left of the panel, marked an¬ 
tenna, is for connecting the end of the antenna 
wire. 

14-3b. Antenna Equipment—Within the com¬ 
partment at the lower right of the case, is a roll of 
flexible copper ribbon with an attached weight. 
This is the ground lead, one end of which is con¬ 
nected to the ground terminal on the panel. To 
establish a ground connection the weighted end is 
dropped into the water. A roll of rubber covered, 
flexible wire is furnished for the antenna, together 
with three insulators and suitable fittings. 

The antenna must be of certain electrical charac¬ 
teristics, but the flexibility of the equipment is such 
that almost any length or height of antenna can be 
used. An oar, placed upright in a lifeboat, with the 
wire strung from its top to one end of the boat and 
thence to the equipment, will work quite well, al¬ 
though generally speaking, the greater the height of 
the antenna, the greater will be the range of opera¬ 
tion. For all practical purposes, therefore, the an¬ 
tenna most effective must necessarily be one which 
has a height and length as great as conditions will 
permit. The antenna prescribed by the Federal 
Comunications Commission for use with this equip¬ 
ment will provide highly satisfactory operation. 
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Fi(.. 14-lJ, Schematic circuit diagram of the Mackay portalilc emergency marine radio transmitter model lf)8B. 


To the antenna wire provided is attached a sliding? 
clamp to adapt the length of the wire to the spacing 
hetween available supports in the manner shown on 
the instructions attached to the cover. Clips, fur¬ 
nished witli the wire, may be employed to secure 
the turned back or excess portions of the wire, 
effecting a shipshape arrangement in a short time. 

14-3c. Description of Circuits —The tubes and 
circuit components arc mounted on a rubber cush¬ 
ioned chassis arranged to absorb shocks. The tubes 
are clamped in place to prevent the possibility of 
accidental removal. A 6C5 tube is used in a tuned 
oscillator circuit, adjusted to 500 kc. A fixed ver¬ 
nier adjustment is provided to accurately tune the 
oscillator to the proper frequency. 

The oscillator is capacitively coupled to the grid 
circuit of a 6L6 amplifier tube. This amplifier, in 
turn, is coupled to the antenna circuit through a net- 
viork consisting of a plate coupling capacity and an 
antenna loading inductance. The antenna coil is 
tapped at frequent intervals to permit adapating the 
equipment to antennas of various dimensions. A 
variometer at one end of the antenna coil permits 
precise adjustment of the antenna circuit. The an¬ 
tenna coil tapping, controlled by the antenna se¬ 
lector switch, and the variometer, operable by the 
antenna tuning control, are available from the 
front panel of the equipment. A neon lamp, cou¬ 


pled to the antenna circuit, indicates when the an¬ 
tenna is properly resonated. 

14-3d. Power Supply —Power for this equip¬ 
ment is o!)tained from a 6-volt storage battery, 
which fits snugly into a compartment in the lower 
section of the case. This battery, removable from 
the front, is equipped with spill proof vents and will 
not leak if inadvertently turned on its side, although 
for operation it is intended that the battery be used 
in an upright position. The battery elements are 
contained in a monobloc, moulded case, sturdily con¬ 
structed to withstand severe shocks. 

Power from the battery is applied directly across 
the two tube heaters and the keying motor when 
the start button is pressed. This circuit remains 
complete throughout the operating cycle. During 
keying, a circuit is closed to the primary of a vi¬ 
brator power supply, which applies high voltage 
direct current to the plates of the tubes. Modula¬ 
tion is accomplished hy interrupting the 6-volt sup¬ 
ply by means of a motor-driven commutator. The 
resultant pulsating d-c voltage is applied to the pri¬ 
mary of a modulation transformer, the secondary 
of which is in series with the plate circuit of the 
amplifier tube. High level plate modulation which 
results in a signal of excellent readability is thus 
accomplished. 

The power supply is adequate to provide in excess 
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of 48 cycles of operation which may consist of 
hourly or half-hourly transmissions. It is also 
capable of operating continuously for one and one- 
half hours as required by the Federal Communica¬ 
tions Commission. 

14-3c. Keying Provisions— The keying motor 
drives a double reduction gear train and the modula¬ 
tion commutator. The first reduction gearing 
serves to rotate the keying cams which are cut to 
send the SOS signal. Either these cams, which 
operate at approximately 12 rpm, or the telegraph 
key, may be placed in the circuit by means of an 
associated switch. 

A second gear train drives two cams which rotate 
once in 2^ minutes. One cam serves to keep the 
motor running and the tube heaters operated for a 
complete cycle once the start button is depressed. 
This cam also controls contacts which prevent key¬ 
ing until a delay period of approximately 30 seconds 
has elapsed to permit the lube heaters to attain 
operating temperature. A second cam on the slow 
gear train closes the keying circuit for one complete 
operation of the keying cams, thus sending a dash 
of approximately 4 seconds between each set of 3 
1 evolutions of the keying cams. 

The springs associated with the keying unit are 
arranged for instant breaking and the contacts are 
of the self-cleaning, wiping variety. 

14-3f. Arrangement of Parts—The compo¬ 
nents, which are attached to the panel, are assem¬ 
bled in four units, each of which are separately re¬ 
movable for repair or replacement. The tubes and 
r-f circuit components are mounted on a chassis 
assembly, which is attached to the panel by rubber 
shock mounts. This assembly mounts above the 
battery compartment. The keyer motor, gear train, 
keying cams, timing cams and keying selector switch 
are mounted on a second chassis which attaches to 
the panel above the antenna parts compartment. 
The vibropack power supply unit is mounted on the 
panel at the left of the battery compartment. The 
loading inductance and associated variometer is 
placed above the vibropack, at the left of the battery 
compartment. The arrangement is such that the 
weight of components is balanced to promote porta¬ 
bility and buoyancy. 

14“3g. Normal Operating Procedure— The op¬ 
erating instructions are attached to the front of the 


equipment panel. Instructions for erecting the an¬ 
tenna are placed within the case cover. A code 
chart and procedure for transmitting both the inter¬ 
national distress and auto alarm signals are included 
in these instructions. A circuit diagram, intended 
to be used for servicing the equipment, is cemented 
to the inside of the box. 

The case is intended to be placed in an upright 
position where it is as protected from sea water 
and elements as conditions will permit. The cover 
is removed during operation, but may be replaced 
temporarily between transmissions, if this is felt 
necessary to protect the equipment. 

To place the equipment in operation, the spool of 
copper ribbon, the end of which is attached to the 
ground lug, is removed from the parts compartment, 
the tie loop unfastened and the spool dropped over¬ 
board or attached to the ground stud on a metal 
lifeboat when such is supplied. The spool of ribbon 
will unwind, after being dropped overboard, pro¬ 
viding a satisfactory ground connection. The depth 
of the end of the ribbon is of little consequence as 
long as the weight itself is under water. The depth 
must, however, be sufficient to insure that the weight 
is not lifted from the water when the boat rolls. 
The antenna should be installed in the manner pre¬ 
scribed, depending upon conditions and available 
supports. The spare wire should not be cut off, but 
folded back along the antenna and secured by the 
clamps provided for the purpose. 

Having attached the antenna wire, the key se¬ 
lector switch is placed in key position. The start 
button is now pressed, starting the motor. Operat¬ 
ing the hand key will perform no function until the 
tube heaters have attained operating temperature, 
which requires approximately 20 seconds. After 
that time has elapsed the key is pressed, and while 
being held operated, the antenna selector switch 
is rotated until the neon bulb glows. The switch 
is left in this position and the antenna tuning 
knob rotated until the neon lamp glows most 
brightly. The keying selector switch is now 
placed on sos position, or the keying selector 
switch may be left in key position and the hand 
key used for transmission of signals, if an operator 
is available. The equipment will transmit for 2 
minutes, after which it turns itself off. It can be 
re-cycled again by pressing the start button. 



CHAPTER 15 


MARINE NAVIGATIONAL AIDS 


Considerable prog^ress has been made in recent 
years in the development of electronic devices for 
the purpose of aiding: marine navigation. Among 
these electronic navigational tools are radio direc¬ 
tion finders which have been in commercial service 
since 1921, as well as two newer developments, 
radar and loran. These devices, properly used, will 
prove of enormous value in providing information 
to assist in the navigation of vessels, particularly 
under conditions of poor visibility when the conven¬ 
tional celestial navigational devices cannot be used. 
This chapter deals with all three of these electronic 
aids to navigation, with particular emphasis on the 
operational aspects. 

15-1. Radar—Radar, the development of which 
advanced at a tremendous rate during the war 
years, is one of navigation\s newest and most useful 
aids. The operation of radar is based on the prin¬ 
ciple that transmitted radio energy is reflected by 
near-by and distant objects with the result that a 
small portion of the radiated energy is returned to 
the point of origin. The time required for the 
energy to return gives information permitting the 
distance of the reflecting object to be determined, 
while the direction from which the returning energy 
arrives provides information as to the direction of 
the object. 

15-la. Fundamental Principles of Radar—A 

radar system employs a transmitter which generates 
short pulses of radio-frequency power. These 
pulses are separated by spaces with a time duration 
considerably longer than the pulses. The radio¬ 
frequency pulses are channeled from the transmitter 
to a directional transmitting antenna by means of 
a suitable transmission line, coaxial cable, or wave 
guide. 

The transmitting antenna, which is usually con¬ 
structed in such a manner that it automatically 
“scans” the area to be investigated, radiates the 
short wave trains of radio-frequency energy in a 
sharp beam. 

Reception of reflected radio-frequency energy 
(usually called “echoes”) from surrounding objects 
(usually called “targets”) takes place in the time 
intervals between the transmitted pulses. A sensi¬ 
tive receiver tuned to the same frequency as the 
associated transmitter is employed for the reception 
of these reflected signals. It is common practice 
to employ the same antenna for both transmission 
and reception although separate antennas may be 
used. With a common antenna, it is necessary to 
employ a fast-acting switching device to connect 
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the antenna to the receiver during periods of recep¬ 
tion and to protect the receiver from the strong 
pulse during the periods of transmission. Such a 
device is known as a “TR (transmit-receive) box.” 

The received echoes, after being suitably ampli¬ 
fied, are displayed on an indicator, usually a cathode- 
ray tube. Since the range of detected objects is 
measured by the time interval elapsing between the 
transmission of a pulse and the reception of the 
echo, it is necessary to provide carefully designed 
timing circuits synciironized with the transmitted 
pulses. 

Radar equipment operates in the very-high- 
frequency and microwave spectrum. One reason 
for the use of these frequencies is that a highly 
directional antenna is required and only at the very 
high frequencies is it possible to construct a highly 
directional antenna of reasonable proportions. An¬ 
other reason for the use of very high frequencies is 
that the effective reflecting capability of a target 
increases as the wave length becomes small com¬ 
pared to the size of the object. The fact that very 
high frequencies are used in radar restricts the 
range to slightly beyond the horizon. 

Early radar equipment made use of frequencies 
in the order of a few hundred megacycles, mainly 
because techniques for operating at higher frequen¬ 
cies had not yet been developed. Techniques and 
equipment permitting the use of much higher fre¬ 
quencies are now available and modern radar equip¬ 
ments operating at frequencies as high as 30,000 
me are in regular use. 

As has already been mentioned, radar is accom¬ 
plished by transmitting radio energy in brief pulses. 
The fact that the transmitting tubes are inactive 
and have an opportunity to cool during the spaces 
between pulses permits a high peak power output to 
be obtained without exceeding the plate dissipation 
rating of the tubes. This, coupled with the large 
power gains achieved in the highly directional 
transmitting antenna, makes possible tremendous 
effective peak power outputs (often expressed in 
megawatts) using relatively small transmitting 
tubes. 

Inasmuch as radio waves travel at the speed of 
light (186,000 miles per second), a radio wave 
travels one mile in approximately 0.0000054 second 
and, as the same time is required for the return trip 
of reflected energy, approximating 0.0000108 second 
is required for radio energy to leave a transmitting 
antenna and return from a target one mile away. 
Because of the high speed of these events, it is 
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necessary to express in microseconds the time inter¬ 
vals encountered in radar work. Therefore, using 
this unit of time measurement, the above values 
are 5.4 microseconds for a radio wave to travel one 
mile, and 10.8 microseconds for the energy to travel 
from the antenna to a target one mile away and 
back to the antenna. 

15-lb. Pulse Duration—The time duration of a 
transmitted pulse is known as the pulse duration, 
pulse width, or pulse length. It is desirable that 
the duration of the pulse be very short, otherwise 
the transmitted pulse may be several miles in length 
making the detection of near-by objects impossible. 
As an example, let us assume that it is desired to 
detect an object one mile distant with a system em¬ 
ploying a pulse duration of 20 microseconds. The 
time required for the forward edge of the trans¬ 
mitted pulse to travel one mile out and one mile 
back is 10.8 microseconds. Detection of objects at 
this distance would therefore not be possible, as the 
transmitter would still be in operation when the 
reflected energy from an object at this distance ar¬ 
rived. With a pulse duration of 20 microseconds, 
the minimum distance at which objects can be de¬ 
tected is approximately 1.8 miles. For this reason 
the pulse duration in modern radar sets is consid¬ 
erably less than the value discussed above, usually 
ranging from approximately 0.25 to 1.0 micro¬ 
seconds. Pulses of these short lengths permit the 
detection of objects at quite short distances. In 
some radar sets, the pulse duration is changed as a 
function of the actual maximum range setting in 
use, being lengthened when long range settings are 
employed and shortened when bhort range settings 
are in use. 

15-lc. Pulse Repetition Frequency— The num¬ 
ber of pulses transmitted each second is known as 
the pulse repetition frequency (PRF) or the pulse 
rate. The pulse repetition frequency is a deter¬ 
mining factor of the maximum range of the radar 
equipment. This may be explained in the following 
manner. When a pulse has been transmitted, the 
receiver picks up the returning ^^echoes” that are 
reflected from various objects. The time required 
for these echoes to return is a function of the dis¬ 
tance of the object. Echoes from objects one mile 
distant require 10.8 microseconds, echoes from ob¬ 
jects 5 miles distant require 54 microseconds, while 
echoes from objects 50 miles distant require 540 
microseconds. From this it can be seen that at least 
540 microseconds must elapse between the end of 
one pulse and the start of the following pulse to 
allow sufficient time for echoes to return from ob¬ 
jects 50 miles distant. Therefore, the maximum 
number of pulses that can be transmitted each sec¬ 
ond is determined by the maximum range required. 
In many radar sets, the pulse repetition frequency 
is a function of the particular range setting in use, 
the rate being increased when short range settings 
are employed. 


15-ld. Maximum Range —The pulse repetition 
frequency is not the only factor determining the 
maximum range of a radar set. Other factors in¬ 
volved are the frequency employed, the transmitter 
power, the gain of the antenna, the sensitivity of the 
receiver, and the effective “scattering” or reflecting 
properties of the target to be detected. In practice, 
the maximum range of the radar equipment in the 
detection of ships, as well as low flying aircraft, 
will be limited to slightly beyond the optical horizon 
of the radar antenna. 

15-lc. Bandwidth Requirements —Owing to 
the fact that the pulses employed in radar systems 
are square-topped and of very short time duration, 
it is necessary that all r-f, i-f, and video circuits 
in the system pass a wide band in order to pass the 
pulses without seriously altering their wave shape. 
The need for wide-hand circuits can be explained in 
the following manner. An analysis of a square- 
topped pulse shows it to be made up of a funda¬ 
mental frequency and a large number of high order 
harmonic components. A limited frequency re¬ 
sponse at any part of the system would remove the 
high order harmonics, thereby destroying the square 
topped wave shape and furthermore, because of the 
relatively high time constants of a narrow band 
circuit, the pulse duration would actually be length¬ 
ened. To pass properly the pulses employed in cur¬ 
rent radar systems, bandwidths ranging from 2 to 
10 me are required. 


RANGE 


SPOT BRIGHTENS WITH 
SIGNAL INTENSITY 


AZIMUTH ANGLE 
(b) THE SCOPE 



^ AZIMUTH ANGLE 
Ic) THE*C* SCOPE 



(d) THE •j* SCOPE 


Fig. 15-1. A few of the many types of radar indicator 
displays. The “J” scope (d) is similar to the “A“ presen¬ 
tation but bends the rangre sweep around the periphery of 
the tube to obtain a longer sweep. 
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15-lf. Indicators —A j^reat many systems of 
displaying the radar signals on a cathode-ray indi¬ 
cator tube have been devised. In each case, the 
object is to display the information in such a man¬ 
ner that it may readily be interpreted by the ob¬ 
server. Only the more commonly used indicator 
display systems are discussed here. 

The ^'A'' indicator (Figure 15-la) presents sig¬ 
nal intensity against a time base sweep which is 
calibrated in range. A photograph of an “A'* scope 
presentation is shown in Chapter 16 in connection 
with the description of the U. S. Army moon radar 
experiment. The '‘B” indicator (Figure IS-lb) 
presents range on one axis against azimuth angle 
on the other axis. The intensity of this display is 
brightened as a function of echo intensity. The 
"C’ indicator (Figure 15-lc) also employs intensity 
brightening with echo strength and presents azimuth 
angle against elevation. 

The “J” indicator (Figure 15-ld) is similar to 
the “A” type, but bends the range sweep around the 
periphery of the cathode ray indicator tube to ob¬ 
tain a longer, and therefore more easily read, range 
trace. The PPI (plan position indicator) presents 
a map picture of the surrounding area by displaying 
azimuth angle and range in their actual relationship. 
Several photographs of PPI presentations are given 
later in this chapter. 

15-lg. Shipboard Equipments—In this chapter 
we are concerned mainly with marine radar. 
Therefore, it has been decided to describe as com¬ 
pletely as possible one of the shipboard radar equip¬ 
ments designed for use as a navigational aid on 
commercial ships. The set to be described is the 
RMCA model CR-lOl shipboard radar and the 
material covering this equipment has been taken 
largely from instruction books, operating manuals, 
and other literature made available by the manufac¬ 
turer of this equipment. 

15-2. RMCA Model CR-101 Radar Equipment 

—Radiomarine model CR-lOl radar is a design 
made especially for service on merchant vessels. It 
uses the 3.2-centimeter wave band which detects 
objects close to the water and which can be pro¬ 
jected in a very narrow horizontal beam for good 
bearing resolution. A picture of the area around 
the ship is shown on a scope 12 inches in diameter. 
The radius of this area, from the center of the 
scope, is adjustable in four steps, giving ranges of 
1%, S, IS, and 50 miles. 

Fixed and movable azimuth scales around the 
scope and a bearing cursor permit true or relative 
bearings to be measured. Range rings on the 
scope enable distances to be determined. In brief, 
the CR-101 radar will show the bearings and ranges 
of other ships, buoys, coastlines, and marked chan¬ 
nels. This information, properly interpreted and 
used with judgment, can be a valuable aid in navi¬ 
gating tlie vessel under conditions of poor visibility. 


15-2a. Design Considerations ^—“In c.stablishing 
the basic design of the CR-101, serious consideration 
was given to several important factors affecting the 
usefulness and reliability of a radar. These included 
choice of frequency; amount of transmitter power; need 
for short minimum range; simplified operating controls; 
fewest possible moving parts; and the minimum number 
of tubes. 

“Choice of the proper frequency was of paramount im¬ 
portance. Both 3- and lO-ccntimeter radars had been 
in use during the war and information and techniques 
on both frequencies were available. However, the an¬ 
tenna beam width is directly proportional to the wave 
length for a given size of reflector; shorter wave lengths 
will, therefore, give better bearing resolution and 
sharper images. Furthermore, since at 3.2 centimeters 
an antenna which give: a 2-dcgree (or less) beam width 
already approaches ])rartical limits in size for commer¬ 
cial use, it is apparent that the shorter wave length 
should be used. The antenna design of this radar pro¬ 
vides a 1.6-degree horizontal beam. 

“It was felt that tlie effects of sea return and heavy 
rain on 3-centimcter presentation had been overestimated 
and that tly* need for good bearing resolution had been 
correspondingly underestimated. While sea return is 
somewhat hss on 10 centimeters due to the higher 
grazing angle of the first lobe over the surface of the 
sea, more important is the fact that buoys and other 
low targets are apt to be missed for the same reason. 

“This has been borne out by extensive tests on the 
Great Lakes and Mississippi River. On the Lakes, 
where the trials included both 3- and 10-centimcter 
radars, the conclusion was reached that only the 3- 
centimeter designs could give the necessary perform¬ 
ance. On the rivers, where the sharpest resolution is 
demanded at all times, the u.sc of the higher frequency 
was a foregone conclusion. It is evident that radar for 
ocean-going vessels must likewise be capable of dis¬ 
playing the sharp outlines obtainable on 3 centimeters 
if it is to be of value in pilot waters. 

“While 15 kilowatts was recommended as a suitable 
minimum peak power requirement, it was felt that 
ample re.servc should be j^rovided to meet all conditions 
of weather and propagation. Accordingly, a value of 
30 kilowatts was chosen. 

“Short minimum range and good range resolution 
were two major factors in the design to meet the needs 
of difficult piloting operations in narrow channels and 
harbors. Accordingly, a pulse length of % microsecond 
was selected for use on the 1.5- and 5-mile range scales. 
Such a pulse has a length in space of 82 yards. Since 
the beam has to make a round trip for target detection, 
the theoretical minimum range would be 41 yards. 
However, to allow for receiver recovery time and spot 
size on the PPI tube, a value of 80 yards has been 
established for these factors. 

“It may be shown that when the range scale in use is 
greater than about 5 miles, the minimum spot size of the 
cathode-ray tube becomes the limiting factor in deter¬ 
mining image definition, rather than the V 4 micro.second 
transmitted pulse length. This makes it possible to u.se 
a longer pulse on the 15- and 50-mile range scales with¬ 
out sacrificing sharpness of the scope presentation. Ac¬ 
cordingly, a one microsecond pulse is used on these 
ranges, thus enhancing the long range performance. 

“By using a 3000-cycle repetition rate with the %- 
microsecond pulse, and a 750-cycle rate with the one- 
microsecond pulse, the duty cycle remains at 0.00075 
and the average transmitted power is kept constant at 
about 23 watts. 


1 Sections 15-2a through lS-2c reprinted from RCA Re¬ 
view, June 1947, Vol. VIII, No. 2. Frank E. Spaulding, 
Jr. “Radar for Merchant Marine Service.*’ 
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Fig. 15-2. The three basic units of the Radiomarine CR-101 radar. Left, indicator unit; 
center, antenna assembly; right, transmitter-receiver unit. 


“With these repetition rates, the number of hits per 
beam width are 133 and 33 respectively. This insures 
that the echoes will build up to full brilliance on the 
scope even though the target may be small in size and 
may present a poor aspect to the radar beam. 

“Particular stress is placed on keeping the number of 
operating controls at a minimum. This is felt to be 
particularly important since the equipment is operated 
by the ship’s navigating personnel. 

“It is also desirable to keep the number of moving 
parts at a minimum, both from the standpoint of reli¬ 
ability as well as quiet operation. Silence is essential 
in a pilot house when listening for fog signals. With 
this in mind, a stationary deflection-coil system for the 
PPI was chosen instead of the usual motor-driven rotat¬ 
ing coil mechanism. 

“The equipment consists of three major units, namely, 
the indicator, the transmitter-receiver, and the antenna 
assembly. 

“1. Indicator, The indicator unit has been designed 
primarily for installation in the pilot house where it may 
be viewed and controlled by the navigating officers. It 
is built into a binnacle-type housing which contains the 
main operating controls and the 12-inch cathode-ray 
PPI scope. Its construction is illustrated in Figure 
15-2 which shows the three major units of this equip¬ 
ment. This unit also houses a synchronizer chassis unit 
which generates all of the complex waveforms essential 
to operation of the radar, such as sweep, unblanking, 
trigger, range marks and sensitivity time control. The 
binnacle also provides room for the true-bearing as¬ 
sembly which, when connected to the ship’s master gyro 
introduces north-stabilization of the PPI pattern and 
at the same time constitutes an extra ship’s gyro- 
repeater station. The remaining space is devoted to 


high- and low-voltage power supplies associated with 
the synchronizer and scope. Operating controls for this 
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Fig. 15-3. Indicator control panel and 12-inch PPI scope. 
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equipment may be seen in Figure 15-3. This is a view 
of the top of the binnacle as it appears to the navigator. 
Most frequently used controls are: power, suppressor, 
range and gain. These four may be seen on the hori¬ 
zontal shelf at the front. Secondary controls are sym¬ 
metrically arranged on the sloping panel and are also 
identified in Figure 15-3. Range indicator lamps show 
which range scale is in use and remind the user as to 
the distance between range rings. 

“Behind a hinged lower door is an auxiliary test panel 
containing a built-in test meter, two-hour meter for 
observing 'stand-by’ and ‘operate’ time of the radar, an¬ 
tenna motor-circuit breaker, 115-volt a-c convenience 
outlet and several fuses with individual blown-fuse indi¬ 
cator lamps. Several controls, normally set at the time 
of installation, also occupy this space. These are focus, 
intensity, video gain and manual tuning. An automatic- 
frequency-control off-on switch is also present. 

“Certain mechanical features of the binnacle are of 
interest. The entire indicator mechanism rolls out of 
the housing for servicing. In this manner, all of the 
interior portions may be easily reached. The radar may 
be operated in this fully withdrawn position. The slop¬ 
ing operating panel housing the PPI tube is hinged and 
may be swung open and latched so as to give access to 
the azimuth scales and to the 12-inch tube itself. The 
true-bearing assembly cover is also hinged. This unit 
may be quickly reset whenever the ship’s gyro has been 
shut down, as frequently occurs when the vessel is in 
port. The binnacle housing itself is of cast aluminum 
construction. 

“2. Transmitter-receiver Unit. The transmitter- 
receiver unit may be located in the pilot house, chart 
room, or in any other location reasonably close to the 
antenna. The lower portion, behind a protective screen, 
houses the pulse modulator components, the magnetron 
and associated high-voltage power supplies. The re¬ 
ceiver is located at the top of the cabinet while the re¬ 
ceiver power supply mounts between the two. At the 
left side of the receiver is the radio-frequency niixer- 
duplexer unit. Behind this is mounted the 3.2-centimeter 
echo box. The receiver, its power supply and the echo 
box units, as well as the radio-frequency assembly, rnay 
be quickly removed and replaced if necessary during 
servicing operations. 

“Access to the various units within this cabinet may 
be had by opening the hinged front door. This also 
exposes the transmitter test panel in the lower portion 
without permitting personnel to come in contact with 
dangerous high voltages. The test analyzer allows in¬ 
stantaneous checking of essential voltages and currents 
within the transmitter.^ It also contains a high-voltage 
circuit breaker, convenience outlet and fuses. 

“On the lower left side is a small hinged d^r giving 
access to a replaceable filter cartridge associated with 
the blower unit which circulates air through the 
transmitter-receiver unit. The entire assembly is in¬ 
stalled on shock mounts, and in addition, the receiver 
chassis is similarly protected from vibration. 

“3. Antenna. The antenna assembly is installed on 
top of a tower or pedestal sufficiently elevated to allow 
360-degree observation of the horizon without serious 
interference from obstructions such as smokestacks, king 
posts, and the like. An 8-inch diameter pipe structure 
with work platform and ladder has been found quite 
satisfactory for this purpose. Figure 15-4 shows a typi¬ 
cal antenna installation utilizing a tower 35 feet high. 
The antenna is also shown in Figure 15-2. 

“The 18 X 62-inch revolving grid reflector, shaped like 
a parabolic cylinder, establishes a horizontal beam pat¬ 
tern 1.6 degrees wide at the half-power points. The 
vertical pattern is 17 degrees wide to allow for rolling 
and pitching of the ship in rough weather. 



Fig. 15-4. A typical CR-101 antenna installation. 


“Hou.sed within the large end bell is the antenna-drive 
motor while the smaller end bell covers a synchro gen¬ 
erator, heading flasher switch and terminal board. A 
phone jack and heading flasher adjustment are located 
behind a water-tight removable cap on the side of the 
smaller end bell. This allows installation and inspection 
personnel to plug in a standard telephone handset and 
converse with observers at binnacle or transmitter units 
while making necessary adjustments. A motor on-off 
switch is also present so that persons on the antenna 
platform may turn off the drive motor at will for rea¬ 
sons of safety. 

“Reduction gearing to rotate the reflector and horn 
feed at approximately 10 revolutions per minute is con¬ 
tained within the oil-filled enclosure of the main casting. 
A rotating joint, also built into the aluminum casting, 
transfers the radio-frequency energy from the stationary 
w'ave-guide input to the revolving horn feed which ‘illu¬ 
minates’ the reflector. 

“A standard 115-volt watertight receptacle is included 
on the tower for servicing operations. Inter-connections 
between the antenna and other portions of the radar 
consists of the % X 1^ inch waveguide, one coaxial 
cable, one 3 conductor and one 8 conductor armored 
shipboard cable. The wave guide is silver plated inside 
and out to insure low losses (0.026 decibel/foot). Con¬ 
nections between binnacle and transmitter units consist 
of three coaxial cables and two 8 conductor power and 
control cables. 

**15-2b. Circuits —^The basic system of operation 
may be observed by studying the block diagrams. The 
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various circuit functions indicated on the diagrams are 
discussed as follows: 

“(a) Generation of sweep, trigger, unhlanking and 
range-marker waveforms in the synchronizer chassis 
(this establishes the basic timing sequence of the radar) ; 

“(b) Passage of the sweep sawtooth waveform 
through the antenna synchronizer to modulate the sweep 
with the rotational azimuth information, return of the 
sweep waveform through the ‘live* synchro-differential 
generator to take into account the ship’s gyro data (for 
True presentation), or through the ‘Dummy’ differential 
generator (for relative presentation), and impression of 
the sweep voltages, thus modified, on the stationary 
three-phase deflection coil to appear finally as the re¬ 
volving sweep line on the cathode-ray tube; 

“(c) Transfer of the trigger to the transmitter and 
its subsequent amplification to a 12-kilovolt pulse applied 
to the magnetron; 

“(d) 3.2-centimeter oscillation of the magnetron for 
the duration of the pulse, conduction of the microwave 
energy by waveguide to the antenna and its subsequent 
projection in a narrow revolving beam; 

“(e) The gathering of the echoes by the antenna and 


their transfer to the receiver for amplification, detection 
and finally their application to the cathode-ray tube grid 
to produce the bright and dark areas of the picture; 

“(f) Application of the unblanking pulse so that only 
the outward moving portion of the sweep will be bright¬ 
ened; and 

“(g) Introduction of timing pulses as range rings to 
permit the measurement of distance on the PPI scope. 

“1. The Synchronizer, An analysis of the synchro¬ 
nizer block diagram, Figure 15-5, in greater detail is 
given in the following paragraphs. 

“The basic pulse repetition rate is established by a 
free-running master multivibrator. This square wave 
is used to excite a sawtooth sweep generator. Its out¬ 
put, when amplified and applied to a pair of 807 drivers 
is finally transformer-coupled to the coaxial line feeding 
the single-phase rotor of the antenna synchro-generator. 
The three-phase output of this generator ultimately 
reaches the deflection coil on the cathode-ray tube. 

“Referring to the timing sequence diagram, Figure 
15-6, it will be seen that with this deflection system, the 
cathode-ray tube beam inherently integrates the entire 
waveform. Thus, when line ‘A’ is at such a height 
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above ‘B’ so that area I equals area II, then the cathode- 
ray tube beam will pass through the center of the PPI 
picture at ‘A.’ 

“The function of the delay sweep generator now be¬ 
comes apparent, since by delaying the firing of trigger, 
range markers and unblanking pulses until the point ‘A’ 
is reached, the sweep line will appear to start at the 
center of the tube. Kchoes will then show up on the 
sweep between ‘X’ (the center) and ‘Y’ (the circum¬ 
ference) of the tube. 



AMOUNT. 


Fic. 15-6. TtininR se(iucnco diagram. 

“The delay circuit consists of an auxiliary sawtooth 
generator which feeds a triode having an adjustable bias. 
Hence, the exact moment at which it starts to conduct 
may be controlled by its bias. After suitable .squaring 
and amplifying, the unblanking pulse is obtained. Dif¬ 
ferentiation of the leading edge to fire a gas tube pro¬ 
vides the sharp trigger pulse. Finally, the unblanking 
pulse excites the range mark generating circuits to pro¬ 
duce the extremely sharp pulses required for clear range 
rings. The unblanking wave is applied to the cathode 
while range marks are combined with video from the 
receiver to reach the grid. 

“2. The Transmitter,^^ With reference to the trans¬ 
mitter block diagram, Figure 15-7, the low-level trigger 
pulse arrives from the synchronizer. A ‘hard tube’ 
pulser circuit is used containing a type 6SN7 tube as 
an isolation stage and low-levcl blocking oscillator, and 


TRIGGER INPUT 
FROM SYNCHRONIZER 


CATHODE 

FOLLOWER 


then an 829-B tube as a high-level blocking oscillator. 
The pulse from the latter drives the 5D21 class-C ampli¬ 
fier or switch tube. A 12-kilovolt pulse appears across 
the plate-load resistor of this tube and thence is coupled 
to the magnetron cathode througji a capacitor. The 
high power for this pulse is furnished by the 15-kiloyolt 
power supply which incorporates two type 3B24 rectifier 
tubes in a voltage doubling circuit arrangement. Ade¬ 
quate protective devices for overload are incorporated, 
and layout of high-voltage components is in accordance 
with good transmitter design practice. 

“The length of the pulse is established by the delay 
network in the 82^^ B grid circuit. The trigger pulse 
received from the synchronizer is about 40 volts in am¬ 
plitude and approximately 1 microsecond long. This 
fires the 6SN7 low-level blocking oscillator to produce 
a sharper positive pulse of about 150 volts amplitude. 
It, in turn, is now applied to the 829-B and to the delay 
line simultaneously. The positive leading edge of this 
puLse fires the 829-B blocking oscillator which was 
previously quiescent. A pulse travels along the artificial 
delay line until it reaches the open end of the line and 
is then reflected back. I'his reflected pulse hastens the 
cutoff of tbf‘ 829-B which then remains inoperative until 
the next positive jndse arrives. In this manner, the 
delay line d'‘termines the pulse length of the transmitted 
signal. 

“The delay line has two sections. On the two .shorter 
ranges (0-1and 0-5 miles) only the first portion is 
connected and a 0.25-micro.second pulse results. For the 
two longer ranges, a relay adds on another section, 
giving a l.O-microsecond pulse. 

“Experience has .shown the hard tube modulator to 
be e(|ual to or better than the hydrogen thyratron type 
for the relatively low power levels such as arc used; 
in addition, it has greater flexibility for changing pulse 
lengths. 

“2. Radw-freqiicncy Mtxer-duplexer, The magnetron 
mounts at the bottom of, and feeds power into, the 
duplexer waveguide, while the outgoing transmitter 
jKiwer is pas.sed on the antenna waveguide protruding 
through the top of the transmitter-receiver cabinet. 

“There are two horizontal l)ranch chambers leading 
into the mixer portion of the assembly. The lower one 
has an aperture which jiasses a small amount of mag¬ 
netron power to the automatic-frcquency-control (AFC) 
crystal. The upijer horizontal member contains the 
transmit-receive (TR) tube. This is the gas switching 
tube which short circuits the mixer input during the 
time the transmitted pulse is present. When the rc- 
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Fig. lS-7. Transmitter block diagram. 
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ceived echoes are present, this tube allows them to pass 
into the mixing chamber and signal crystal at the right. 

‘The 1B35 anti-TR tube may be seen in the duplexer 
portion. This tube prevents the weak echo power from 
being fed back into the magnetron and wasted. 

“On the mixer portion at the right are the signal and 
AFC crystals and two shielded tube sockets. The lower 
one contains the 723A/B klystron oscillator which feeds 
its energy into both signal and AFC crystals. The 
upper socket is reserved for possible future beacon appli¬ 
cations. Within this mixer assembly the signal, local 
oscillator, and magnetron voltages combine in the 1N23B 
crystals to produce the intermediate-frequency currents. 
The 30-megacycle signals from signal and AFC crystals 
pass to the receiver chassis through shielded coaxial 
cables. 

“At the upper left is a 20 db directional coupler which 
is provided for system testing purposes and to which the 
echo box may be connected. The echo box, when in¬ 
stalled, furnishes an artificial echo, thus providing a 
check on the over-all system performance when no tar¬ 
gets are in sight. 

“4. The Receiver. Referring to Figure 15-^, the re¬ 
ceiver block diagram, it will be seen that this chassis 
receives the intermediate-frequency inputs 
and AFC crystals. The weak signals ar^amphtied 
through eight stages of 30-megacycle intermediate- 
frequency amplification and rectified. The resulting 
video pulses are further amplified, limited, and then 
passed through a coaxial cable to the indicator. After 
final amplification, they are fed to the cathode-ray grid. 

“The AFC signal, after amplification, enters a dis¬ 
criminator network and d-c amplifier. By means of two 
sawtooth generators it controls the klystron reflector 
voltage in such a manner as to lock in the local oscil¬ 
lator to a frequency exactly 30 megacycles higher than 
the magnetron (and hence signal) frequency. 

“The signal intermediate-frequency amplifier contains 
a low noise triode input stage, followed by three pairs 
of stagger-tuned stages using 6AK5 pentodes. The re¬ 
sulting gain is approximately 120 decibels with a band 
width of 6 megacycles. The over-all noise factor for 
mixer and receiver is less than IS decibels above 
KT^F (the theoretical value). 

“A fast time constant circuit (FTC) in the receiver 
is operated from the binnacle control panel. This assists 
in breaking up the solidarity of some types of interfer¬ 
ence such as sea return arid heavy rain or snow. 

“Sensitivity time control (STC) is very effective in 
minimizing response due to sea return. With this cir¬ 


cuit arrangement an exponential waveform of adjustable 
amplitude and duration is produced. This is generated 
in the synchronizer and is applied to the receiver gain 
control lead. Its effect is to lower the gain of the 
receiver for targets close by and to increase the sensi¬ 
tivity to maximum for more distant objects. By suitable 
adjustment of the continuously variable suppressor con¬ 
trol it is possible to thin out the solid pattern of sea 
return so that stronger ship targets, otherwise obscured, 
may be observed. 

“The receiver contains a built-in test meter to provide 
quick checks on all essential voltages and currents. It 
is also possible to shift from AFC to manual tuning. 
Power to operate the receiver is supplied by the chassis 
immediately below the receiver. 

“15-2c. Performance Features—The following tab¬ 
ulation lists the various performance characteristics of 
this radar equipment: 

Frequency: 9320-9430 me. Magnetron center fre¬ 
quency =9375 me (3.20 centimeters). 

Transmitter peak pcnvcr output: 30 kilowatts from 
type 725-A tube. 

Range scales: 0-1 Vi; 0-5; 0-15; 0-50 miles, with 
calibration in nautical or .statute miles. 

Range rings: IVi mile range—3 rings—Vi mile apart. 

5 mile range—5 rings— 1 mile apart. 

15 mile range—3 rings— 5 miles apart. 

50 mile range—5 rings—10 miles apart. 

Pulse length: Vi microsecond on IVi and 5 mile 
ranges. 

1 microsecond on 15 and 50 mile 
ranges. 

Pulse repetition rate: 3000 cps on IVi and 5 mile 
range. 

750 cps on 15 and 50 mile 
range. 

Duty cycle: 0.00075 on all ranges. 

Heading flash: This electronic marker shows ships 
heading (brightness of flash adjustal)le). 

Range markers: + 2 percent or 100 yards (whichever 
is greater). 

Range resolution: Capable of showing two visible ob¬ 
jects as two distinct images if they are separated by 80 
yards in range with the radar operating on the shortest 
range scale. 

Bearing resolution: Approximately 3 degrees or less. 

Bearing accuracy: Less than 2 degrees error between 
antenna and indicator. 

Display: PPl display on 12-inch catliode-ray tube. 
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Fig. 15-8. Receiver block diagram. 
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Azimuth scales: Fixed illuminated scale—11^ inches 
in diameter—1 degree marks. Movable illuminated 
scale—10% inches in diameter—1 degree marks. 

Bearhtff cursor: Adjustable cursor line for measuring 
bearing of targets.” 

15-2d. Power Supply Requirements —An ade¬ 
quate source of power, free from wide or rapid 
swings in voltage or frequency, is essential for 
satisfactory radar operation. The individual re¬ 
sponsible for the radar should check with engine 
room to insure that the following requirements are 
maintained: 

1. Ships with A-c Supply: Line voltage 115 
volts, 60 cycles, single-phase. Line current is 12 
amp and power factor is 85 per cent. This is the 
load drawn by the radar. Line voltage variations 
should not exceed 5 volts either side of the normal 
115 volts and frequency should be kept between 58 
and 62 cycles. 

2. Ships with D^c Supply: A special radar d-c to 
a-c motor generator (with starter) is furnished. 
This machine is supplied with either a 115- or 230- 
volt d-c motor to match the ship’s d-c power supply. 
Current drain from .ship’s line is 20 amp at 115 
volts or 10 amp at 230 volts. Engine room should 
maintain line within 5 volts (at 115) or 10 volts 
(at 230). 

15-2e. The Indicator Unit —Maximum utility 
and performance from CR-101 radar cciuipment re¬ 
quires a clear understanding of the various controls 
on the indicator unit. Since the indicator unit is 
that part of the equipment which will be used regu¬ 
larly by the navigator, a detailed description of the 
controls and their functions is given below. 

1. FPI Scope. The 12-inch diameter cathode- 
ray tube, commonly referred to as the PPI (plan 
position indicator) or scope, is mounted in the top 
section of the indicator unit at an angle of 30°. 
The face of this tube is waist high and it may be 
viewed with convenience when standing in front, 
or at cither side, of the indicator. Two detachable 
‘Viewing hoods” for shielding the scope are fur¬ 
nished. Objects picked up by the radar beam are 
frequently referred to as “targets,” which may be 
other vessels, buoys, shore lines, etc. Therefore, 
in this book the word “targets” will be used to 
denote such objects. When the radar is in opera¬ 
tion, the targets appear on the PPI in polar 
coordinates. 

2. True Bearing Assembly, Vessels which have 
a gyrocompass system may have their CR-101 radar 
tied in with the gyro by means of a True Bearing 
Assembly (TBA). This assembly, which is an 
accessory, is mounted in the upper section of the 
radar indicator. Indicators so fitted may be identi¬ 
fied by the drum type repeater scale which projects 
at the top of the unit. The purpose of the True 
Bearing Assembly is automatically to stabilize the 
PPI picture so that north is “up” on the scope. 
The use of the TBA is discussed below in connec¬ 


tion with the fixed and movable azimuth scales, gyro 
off-on switch, heading fla.sh, etc. 

3. Fixed Azimuth Scale, Around the outer edge 
of the PPI scope, there is mounted a fixed azimuth 
scale 11% inches in diameter, calibrated in one de¬ 
gree divisions. This scale is red to distinguish it 
from the inner, or movable, white azimuth scale. 

When a True Bearing Assembly is installed in 
the indicator, the fixed azimuth scale is used to de¬ 
termine bearings with respect to true north. This 
is known as the gyro “on” condition. If the indi¬ 
cator does not include a TBA (or with gyro switch 
in “off” position), then the fixed azimuth scale is 
used to determine bearings relative to the ship*s 
bow. 

4. Mm'able Azimuth Scale. The movable azi¬ 
muth scale, white, is lOV^ inches in diameter and 
may be rotated by the left hand knob. There are 
two uses for this movable scale and they are the 
reverse to that of the fixed scale. Assume the 
TBA is in u.se (gyro on). North will be “up” or 
at zero on the fixed scale. Now the movable scale 
should be turned so that its zero lines up with the 
heading flash. Then the bearings of targets read 
against the movable scale are relative to the bow. 

Next assume there is no TBA or that the gyro 
switch is off. We wish to take true bearings on 
targets. The fixed scale now shows targets relative 
to the bow. Determine the ship’s true course (from 
corrected compass course or other methods). Say 
the course is 60. Turn the movable scale until 60 
on that scale lines up with zero on the fixed scale. 
Now the bearings of targets read against the mov¬ 
able scale are true. To summarize the use of either 
scale, refer to the following tabulation: 

WITH “gyro off” 

(or no True Bearing Assembly installed) 

Fixed Scale: Targets are relative to bow. 

Movable Scale: Targets are relative to north by 
setting ship's true course on movable scale to 
coincide with zero on fixed scale. 

Heading Flash: Will coincide with zero on fixed 
scale. 

WITH “gyro on” 

(True Bearing Assembly installed) 

Fixed Scale: Targets are relative to true north. 

Movable Scale: Targets are relative to bow by 
setting zero on movable scale to coincide with 
heading flash. 

Heading Flash: Will indicate ship’s true course 
on fixed scale. 

5. Gyro Off-On Switch, The gyro off-on 
SWITCH, to the left of the PPI, is used to control 
the presentation of the picture. This switch func¬ 
tions only on indicators which have a TBA installed. 
With the gyro switch turned on, the zero on the 
fixed azimuth scale represents true north. If the 
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vessel makes a turn, or yaws in a heavy sea, the 
picture remains stationary, thereby making it un¬ 
necessary for the targets to reestablish themselves 
on the PPL 

The *'gyro on" condition is well adapted for com¬ 
paring the PPI picture with sailing charts, as in 
both cases north is “up." On the other hand, when 
piloting in restricted waters, proceeding along a 
channel while picking up buoys or other markers 
on the radar, the “gyro off" condition may be pre¬ 
ferred. In this case, the ship’s heading flash ap¬ 
pears at zero on the fixed azimuth scale and the 
l)earing of targets on the PPI is relative to the 
ship’s bow. It is easy to determine which method 
of presentation is being used because the heading 
flash in the “gyro on" condition will not be at zero 
on the fixed scale unless the vessel’s course happens 
to be true north at that time. 

When a TEA is installed in the indicator, it in¬ 
cludes an illuminated repeater azimuth scale. This 
scale is equivalent to an ordinary gyro repeater, and 
it will show the ship’s true course at all times. This 
action of the repeater scale is independent of the 
radar power or tlic oyro off-on switch, and there¬ 
fore may be used whether or not the radar is in 
operation. An adjusting knob and cut off switch 
are provided under the repeater scale housing for 
the j)urpose of setting the repeater in the event 
that the ship’s master gyrocompass has been shut 
down for any reason. 

6. Cursor Control, A knob at the right of the 
PPI is used to rotate a bearing cursor. This cursor 
line appears across the face of the PPI and may be 
adjusted so that it intersects any targets of interest. 
The bearing of the target is then read from the 
outer or inner azimuth scales, as described earlier. 

7. Heading Flash. The heading flash is simply 
a bright radial line on the scope to show when the 
antenna is pointing dead ahead. This flash occurs 
once every six seconds. As explained previously, 
the heading flash will coincide with zero on the 
fixed scale with gyro off, or it will indicate ship’s 
course with gyro on. The flash may be dimmed 
or brightened by using the small knob marked hoc 
FLASH located between the range and gain controls. 

There are two important uses for the heading 
flash. On relative bearing (gyro off) the flash 
marks off on the scope a line dead ahead. When 
passing through a group of channel buoys the course 
may be set to keep the buoys on either side of the 
flash. Other similar uses will be apparent. On 
true bearing (gyro on) the flash will appear on the 
fixed scale to show the ship’s heading. Example, 
the.ship is heading due south. Flash shows at 180° 
on fixed scale. This action may seem confusing 
until one remembers that the flash is a constant re¬ 
minder of the time and angle (zero with respect to 
bow) when the radar ‘"looks" dead ahead. 

Continued accuracy of the heading flash is essen¬ 
tial. This may be checked in clear weather by 


visual observation of dead ahead targets and com¬ 
paring with the scope. Apply the necessary correc¬ 
tion if error is constant or have the flash reset. 
When looking at dead ahead targets that may be 
obscured by the flash, use the control to temporarily 
dim or extinguish the flash. 

8. Dimmer Control, The dimmer control is a 
small rheostat to the right of the PPI and may be 
ased to adjust the illumination of the fixed and 
movable azimuth scales. Ordinarily, this control 
will be used to brighten the scales when taking bear¬ 
ings and then turned to the left to dim the light so 
as not to interferee with the targets on the PPI. 

9. Range Ring Control, Range rings in a radar 
sy.stem are used to determine the distance between 
the ship and any targets which show on the PPL 
These range rings are produced electrically and 
consist of a group of luminous concentric circles 
on the face of the tube. The range ring control, 
to the right of the PPI, allows the rings to be 
brightened or dimmed. The latter condition is de¬ 
sirable when a range ring tends to obscure a target 
which falls exactly on one of the rings. For con¬ 
venience in identifying the number of range rings 
and their spacing in miles, there is located directly 
beneath the PPI a nameplate which shows the num¬ 
ber of range rings for each of the four ranges as 
follows: 


Ranfie {miles) 

1.5 

5.0 

15.0 

50.0 


Range Rings 

3 Rings Fi mile apart 
5 Rings 1 mile apart 
3 Rings 5 miles apart 
5 Rings 10 miles apart 


For high seas service, range rings are calibrated in 
nautical miles (6080 feet). For use on the Great 
Lakes, or inland waterways, range rings are cali¬ 
brated in statute miles (5280 feet). 

10. Power Switch. A three-position power 
switch, controlled by a large knob, is mounted on a 
horizontal shelf in the upper left section of the 
indicator. The positions of the switch are off, 
STANDBY, operate. When in the off position, the 
entire radar equipment is shut down. In the 
""standby" position, the various radar tubes arc kept 
heated and a small rectifier in the transmitter is 
turned on. In the operate position, power is ap¬ 
plied to place the complete radar system in operation. 

In order to allow sufficient time for certain tubes 
to heat up, the radar uses a three-minute time delay 
relay. In other words, if the switch is placed from 
the OFF to the operate position, a time interval of 
three minutes must elapse before the system goes 
on the air. For this reason the ""standby" position 
is provided and the switch may be placed in this 
position a short time before it is desired to use the 
radar. 

The power switch should always be turned from 
operate to STANDBY if the radar is to be left un¬ 
attended for short periods. This avoids excessive 
wxar and tear on expensive tubes and other parts. 
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11. Suppressor Control, The suppressor control 
appears at the right of the power switch. The 
purpose of this control is to minimize obscuring of 
targets near the ship during a heavy sea. The 
waves of the sea can also act as targets and appear 
on the PPI as a fairly bright pattern of light. The 
effect is variously known as '*sea return,” ‘*sea 
echo,” or ‘^clutter.” Under conditions of moderate 
or heavy sea return, small targets may be obscured 
and the suppressor knob and gain control should be 
adjusted while watching the PPI so as to secure the 
greatest possible contrast between the sea and any 
targets. 

The suppressor control provides a continuous ad¬ 
justment so that optimum results may be had under 
various circumstances. In addition to the use of 
the suppressor for reducing sea return, it may be 
employed to clarify the center of the scope when 
there are strong nearby targets. For example, when 
navigating in harbors and narrow channels, the 
suppressor control, as well as the gain control, 
should be carefully adjusted when looking at targets 
within a few hundred yards of the vessel. 

12. FTC Switch, The FTC switch (fast time 
constant) is marked off—rain-snow. Use in the 
RAIN-SNOW position during very heavy rainfall or 
snowfall to increase the target contrast. This 
switch should normally be off under other weather 
conditions. 

13. Range Switch, The range switch is a four- 
position control and is used to select the desired 
range scale. The ranges are iy 2 , 5, 15 and 50 
miles. When the range switch is placed in any 
one of its four positions, it causes one of the four 
range indicator lights to be illuminated beneath the 
PPL This arrangement gives a positive indication 
of the range in use, even when operating in a dark¬ 
ened wheelhouse. Recommendations for use of 
the range switch are covered under “Operating 
Procedure.” 

14. Gain Control, The gain control on the indi¬ 
cator is roughly equivalent to the volume control 
on an ordinary radio. When this control is turned 
to the right, it adjusts the brilliance of the targets 
on the PPI and, to a considerable extent, it deter¬ 
mines the range over which targets will be picked up. 

A few hours’ practice in using the gain control 
will enable the navigator to secure the best contrast 
and definition of targets. For exploring the imme¬ 
diate vicinity of the ship, the gain control is ad¬ 
justed to a fairly low value. This sharpens strong 
targets near the center of the PPI. As the gain 
control is advanced, targets near the center tend to 
merge, while others at greater distances will stand 
out very clearly. While observing such distant tar¬ 
gets the gain should be advanced to the point where 
receiver noise just begins to appear on the scope as 
a light or mottled background. 

15. Hour Meters, Two hour-recording meters, 
one showing “standby” time and the other “operate” 


time, are located behind the lower door of the indi¬ 
cator. These meters are used to keep a log on the 
use of the radar. The left hand meter records 
combined standby and operate time in hours. The 
right hand meter records operate time only. There¬ 
fore, the left meter will normally read somewhat 
higher because combined standby and operate time 
will exceed straight operate time. Too great a dif¬ 
ference in the reading of the meters indicates exces¬ 
sive or unnecessary standby operation. 

16. Test Button and Echo Box, All indicators 
are fitted with a button marked test which is located 
between the power and suppressor controls. This 
button is for use in connection with an echo box 
when the latter is installed in the transmitter- 
receiver unit as an optional accessory. With such 
installations the echo box may be used as an arti¬ 
ficial target to test the radar as follows. 

Place the range switch at 1.5 miles. Make sure 
the suppressor control is at zero. Hold down the 
test button and advance the gain control while 
watching the scope. This will cause a series of 
radial lines, like spokes on a wheel, to appear from 
the center of the scope outward to some point be¬ 
tween the 0.5 and 1.0 range rings. If the spokes 
are shorter in length than those normally observed, 
or if no spokes at all appear, this is an indication 
of lowered performance and the radar should be 
used with caution and serviced as soon as possible. 

After testing with the echo box, be sure that the 
center of the scope is “clear.” After using the echo 
box, with the test button, it may occasionally stop 
in a tuned position which will cause the center of 
the scope to be filled with a bright area, thereby 
obscuring natural targets. To correct, press the 
test button a few times until the center of the scope 
is clear. In general, when using the echo box the 
surrounding area must be free from numerous natu¬ 
ral targets, or sea return, in order to distinguish the 
echo box spokes. Whether or not the radar is 
fitted with an echo box, daily experience with real 
targets is a good guide in determining whether or 
not the range and general performance are normal. 

15-2f. Operating Procedure—Before placing 
the radar in operation, the navigator should be 
familiar with the various controls on the indicator 
unit as previously outlined. If the indicator in¬ 
cludes a True Bearing Assembly, steps should be 
taken to insure that the repeater azimuth scale has 
been adjusted to coincide with the ship’s course. 
This is done by opening the hinged cover over the 
repeater scale, placing the switch in the off position 
to remove power from the repeater motor, and then 
adjusting the scale, with the knob provided, to the 
ship’s course. The switch should then be placed in 
the ON position and the cover fastened in place. 

1. Placing the Radar in Operation 

(a) Turn power switch to the operate position. 
Three minutes must elapse to allow the time delay 
relay to function. If desired, the power switch 




one showing ‘^standby" time and the other “operate'' 
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Fig 15—12 Wiring of s\ ncliromzer po\Ner supply 
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may be placed in the standby position several min¬ 
utes before the radar is to be used. The power on 
light will indicate at the end of this three minute 
interval if switch is on operate. 

(b) Make sure the suppressor control is set at 
zero. 

(c) Set RANGE SWITCH to the desired range; 1.5 
S, IS or SO miles. The two lower ranges are best 
when navigating in channels, or restricted waters, 
while the two higher ranges are desirable when on 
the high seas. 

(d) Adjust the gain control by turning to the 
right until targets appear on the scope. Advance 
this control until the best contrast is observed be¬ 
tween the targets and the general background. 

(e) If excessive sea return or local rain squall 
interference is observed on the scope, adjust the 
suppressor control by turning to the right until the 
picture is clearer. This should be done with care 
so that the area near the vessel appears mottled or 
flaky. Too little suppressor allows sea return to 
brighten unduly the scope. Too much control will 
darken center of scope and may wipe out targets. 

(f) Use the gyro off-on switch as required, 
remembering that with gyro off, zero on the fixed 
(red) scale represents the bow, whereas with gyro 
ON the zero on this same scale represents true 
north. 

(g) The movable azimuth scale may be adjusted 
to show targets relative to north, or relative to bow, 
as previously explained. 

(h) Use cursor control to determine bearings of 
targets. 

(i) Use the ftc switch in the rain-snow posi¬ 
tion when conditions warrant. 

(j) Adjust RANGE ring Control to brighten or 
dim range rings. 

(k) Adjust heading flash control to brighten 
or dim flash, as desired. 

(l) For daytime use, or in a bright wheelhouse, 
use one of the viewing hoods over the PPI scope. 
The short hood over the scope is useful at night to 
keep the glow from the helmsman’s eyes. 

2. Overload Relay Protection. The radar trans¬ 
mitter uses certain relays to protect the magnetron 
from overload. When these relays “kick out,” the 
red light behind the lower section of the transmitter 
door will be extinguished. When this occurs, turn 
the indicator power switch to the standby position 
for 10 seconds. Then place switch in operate posi¬ 
tion which will close overload relays and restore 
normal operation. 

15-2g. Interpretation of Scope Pictures—The 

mariner who has studied the preceding sections will 
understand the use and function of the various con¬ 
trols on the indicator. From this point on he will 
be concerned with the interpretation of the PPI 
scope pictures and the manner in which they can 
best be used to aid in the navigation of the vessel. 
The radar can “see” targets in thick weather that 


are invisible to the naked eye. On the other hand, 
the eye, in clear weather is a better direct judge of 
size, profile, or speed. It follows, therefore, that 
skill in reading the scope is a matter of experience 
plus a knowledge of the advantages and limitations 
of radar. 

Use of the radar in clear weather is recommended 
to acquire experience. Targets can be viewed di¬ 
rectly with the eye, or through binoculars, and then 
compared with tlieir appearance on the scope. One 
of the viewing hoods may be placed over the scope 
to exclude outside light. After observing targets 
on the scope they may also be compared with the 
chart in areas where coastlines, buoys, lightships, 
etc., may be picked up. Practice along these lines, 
in clear weatlier, will be of great value later, when 
the radar is used during fog or darkness, because 
the navigator will then be familiar with the charac¬ 
teristics of the scope picture. 

It is well to bear in mind that there are four main 
uses for the radar. While these uses overlap in 
practical navigation, they may be summarized as 
follows: 

(a) Anti-collision, on the open sea, such as ob¬ 
serving the course and position of an approaching 
vessel. 

(b) Piloting, such as entering a harbor, or when 
in a river, with buoys or oHier markers showing on 
the scope. 

(c) Position finding, where the radar is used to 
determine the bearing and range of targets which 
can be identified on the scope and on charts. 

(d) Storm warning, in cases where heavy rain 
squalls may be noted on the scope and their distance 
and movement plotted. 

Several typical examples of how the radar may 
be used are given below. A simple case is described 
first, followed by other instances of a more involved 
nature. Remember that the use of radar does not 
alter the Rules of the Road, or the relations be¬ 
tween the privileged and burdened vessel. An ap¬ 
proaching vessel may or may not have a radar, and 
each ship has a responsibility not to take action 
which might confuse the other. 

Example No, 1. Vessel is in the open sea, pro¬ 
ceeding at normal speed. Range switch is at 15 
miles. Gyro switch is off, for relative bearing. 
The heading flash appears at zero on the fixed scale. 
Gain control has been adjusted to a medium high 
value. Three range rings show on the scope, each 
5 miles apart. 

A target is observed off the port bow about mid¬ 
way between the center and outer range ring. This 
shows the range to be about 12.5 miles. The bear¬ 
ing cursor is placed over target and reads say 340 
on the fixed scale. The target is, therefore, 20® 
on the port bow. If desired, the movable scale can 
be placed with its zero under the cursor and it will 
then read 20 against the zero on the fixed scale. 
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Fir. H-tl Chart of Detroit River area. 


The target is now watched, and bearing 
and range checked. If the target moves 
down (toward center of scope) and stays 
under the cursor, this indicates a collision 
course. Wlicn the target comes inside 
the first range ring (5 miles), change the 
lange switch to the 5 mile position. This 
w ill move the target out near the edge of 
the scope and permit more accurate bear¬ 
ings to be measured w ith the cursor. 
Wait 15 or 20 seconds, for the old picture 
to fade out, then readjust the gain control. 
Wake frequent observations of bearings 
and range. If the target is moving (such 
as an approaching ship), this wdll be dis¬ 
closed by two or more plottings, making 
due allowance for the movement of your 
owm vessel during the intervals. 

Finally, if the target is getting close to 
the 1 mile ring on the 5 mile scale, switch 
to the 1.5 mile range. Unless the sea is 
calm, there may be observed sea return 
which tends to obscure targets near your 
vessel. Adjust the suppressor and gain 
controls to make the target stand out as 
clearly as possible. On the 1.5 mile 
range special care must be taken to allow 
for the relatively fast movement between 
your own and a near-by vessel. Two ap¬ 
proaching ships, each making 10 knots, 
will in 1% minutes reduce the distance 
between them by about 3000 feet. This 
is the spacing between each range ring on 
the ly^ (nautical) mile scale. (Spacing 


Fig. 15-14. PPI of Detroit River area, 1% mile range. 
Compare with Figure 15-13, 
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is 2640 feet on radars with statute mile 
scale.) 

Example No, 2. Vessel is entering a harbor or 
channel. At the start, the 5-mile range will prob¬ 
ably be used. Gyro switch will be off and heading 
flash will be ‘^up” for relative bearings. The navi¬ 
gator will endeavor to recognize, on the scope, 
known lightships, buoys, or prominent land projec¬ 
tions. Gain and suppressor should be adjusted for 
best target brightness, taking care not to “black 
out'* targets within a few hundred yards of the ship. 

As the vessel nears a group of buoys marking the 
channel, change range to 1.5 miles. Heading flash 
is watched and the course altered as necessary so 
that flash intersects “pairs” of buoys or falls on a 
buoy up ahead that is being used as a ranging 
marker. Presence of other ships in the channel and 
their course and speed is watched on the scope. 
Buoys which have been passed may be watched on 
the “bottom” section of the scope. 

With short range operation, 1.5 miles, and as 
targets appear within the first range ring, 0.5 mile, 
remember that the distance as shown on the scope 
is measured from the antenna position on your ship. 
On some vessels the bow may be 75 yards or more 
ahead of the antenna, and this distance should be 
taken into account when viewing forward targets 
a few hundred yards away. 

Example No, 3, Vessel is within radar range of 
lightships, prominent land projections or other ob¬ 
jects whose position is shown on charts. The navi¬ 
gator wishes to obtain a fix to determine his posi¬ 
tion. Range switch is adjusted to put the target 
out near the edge of the scope, for best bearing 
accuracy. Gyro switch is '‘on” to put north at top 
of scope, for indicators using a true bearing as¬ 
sembly. As an alternative (with no TBA or gyro 
switch off), the movable azimuth scale may be set 
to the ship's true course, against zero on fixed scale. 

Assume a lightship is picked up on the scope and 
appears about 11 miles distant. On the 15 mile 
range this will be just outside the second, or 10 
mile range ring. Watch the target and just as it 
passes under the 10 mile range ring use cursor to 
take a true bearing. This gives a one point fix, 
since range and bearing are known and the position 
can be plotted on the chart. Remember that true 
bearing is shown against the fixed scale with gyro 
on and TBA in use, or against the movable scale 
with gyro off when movable scale is set as described 
above. 

As a check on the one point fix, cross bearings 
and ranges may be taken on two or more targets 
that can be identified on the scope. This is useful 
because the several bearings will intersect to show 
the ship's position. As a further check, the distance 
can be estimated fairly closely if the targets fall 


between range rings, or with considerable accuracy 
with targets right on a ring. 

Lightships or other charted targets that stand out 
clearly on the scope give the best bearings and 
ranges. It will be apparent that land masses, shore 
profiles and the like are less accurate as targets be¬ 
cause of their variable size and shape. 

Example No, 4. Many navigators use their radar 
to detect approaching rain squalls. In areas where 
very heavy rainfall may be encountered, it may show 
up on the scope as a bright mass. Moderate or 
light rainfall is not so apparent. If a squall is 
detected early, usually on the IS or SO mile range, 
its general area and movement may be watched 
and an estimate made whether the ship will pass 
through the storm path. Meanwhile the location of 
other ships in the vicinity should be noted so that 
appropriate action may be taken if visibility be¬ 
comes poor. 

With your vessel in the storm area and very heavy 
rain or wet snow falling, radar visibility (on the 
scope) may be impaired. Make the best use of the 
suppressor control and the FTC (rain-snow) switch 
when watching targets under such conditions. 
While complete radar “blackouts” are rare, they 
can be easily recognized and due caution sliould he 
exercised. In some instances the radar will “see” 
through a heavy local storm area, picking up tar¬ 
gets outside that area, but with targets obscured in 
the immediate vicinity. 

Example No, 5. Action of true hearing assembly 
(TBA): When the gyro switch is “on” this con¬ 
nects the TBA electrically to the PPT scope so that 
north is at zero on the fixed scale. The heading 
flash then shows ship's course when read against 
the fixed scale. This action may seem confusing at 
first since the navigator is accustomed to viewing 
targets relative to the bow. The advantage of the 
gyro “on” condition, aside from giving true bear¬ 
ings, is that the picture is “stabilized.” When the 
vessel makes a turn or rolls, pitches and yaws, the 
picture remains steady. If bearings are being taken 
under these conditions, the targets do not move 
around on the scope and have less tendency to 
“smear.” In the opposite case, with gyro switch 
“off,” should the vessel make a 30 degree right turn, 
it will be necessary to wait a short time until the 
targets move left to reestablish themselves 30 de¬ 
grees from their former position. 

Assume ship's true course is 180. With gyro 
switch “off” heading flash appears at zero on fixed 
scale. Now with gyro switch “on” heading flash 
shows at 180 and the entire picture is turned upside 
down. However, by remembering that the flash 
always shows heading, the bearing of targets rela¬ 
tive to the bow may be noted either side of the 
flash. If desired, zero on the movable scale may 
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Fig 15-16. An unretouched PPI photograph taken as a ship using the CR-101 radar 
approached Belle Isle at Detroit, Michigan. The ship is at the center of the picture and is 
traveling in the direction shown by the heading flash. The rear of the ship may be seen 
clearly as well as another large ship being passed on the starboard side Two smaller vessels 
are visible astern (toward the bottom of the picture) at about % mile and 1% miles re> 
spectively. Range circles on this IVi-niile scale photo are % niile apart. 
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Fig. 15—17. Examples of false or displaced targets. 


be set to line up with the heading flash. Then rela¬ 
tive bearings against the movable scale, or true 
bearings against the fixed scale, may be taken. 

The true bearing assembly is similar to an ordi- 
nary gyro repeater in that it must be reset whenever 
the ship's master gyrocompass is shut down and then 
started up again. Resetting was covered in the pre¬ 
ceding section, “Operating Procedure.” Once set 
(with the gyrocompass in operation) the TEA will 
remain in step, regardless of the position of the 
gyro on-oflf switch. 

Example No. 6. Use of TEA repeater scale: 
Some navigators may prefer to take true bearings 
with the movable scale and still have the picture 
relative to bow (heading flash up). This is done 
by noting the ship’s course on the TEA drum type 
repeater scale at the top of the indicator and then 
setting the movable scale. Suppose repeater scale 


reads 60. Place 60 on movable scale to line up with 
zero on fixed scale. Then targets are true with 
respect to the movable scale and relative with respect 
to the fixed scale. 

1. PPI Photographs, This book contains a num¬ 
ber of PPI photographs taken under actual operat¬ 
ing conditions. It may be mentioned that because 
of limitations in photography, PPI photographs are, 
in general, less clear than actual targets when 
viewed directly on the scope. 

2. False or Displaced Targets, The navigator 
should become familiar with recognition of false 
targets that may occur under certain conditions. 
Refer to the sketch (Figure lS-17) which shows 
conditions A, E, C and D. 

At A, the foremast or other large structures in 
the path of the beam reflects the beam aft when the 
antenna points forward. This may cause a target 
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in the rear to appear ahead on the scope. A few 
seconds later when the antenna does point at the 
target, it will appear in the correct place on the 
scope. This effect is easily recognized and depends 
on the ship’s structure, height of radar antenna, 
size of nearby targets, etc. 

At B, a reflection from the stack or other large 
masses aft of the radar antenna may cause a for¬ 
ward target to appear aft. A little later the target 
shows correctly forward as the antenna rotates. 
B is, therefore, the reverse of A, but the general 
causes are the same. 

At C, a near-by ship, or land mass broadside, can 
act as a very strong reflector. The beam bounces 
back and forth several times, causing additional 
targets to appear on the same bearing but displaced 
in range. The correct target is that nearest your 
ship. 

At D, the effects of abnormally long ranges are 
shown. Under certain atmospheric conditions, the 
radar beam may follow the earth’s curvature, caus¬ 
ing targets to be seen below the horizon. With 
CR-lOl radar this effect may be noted occasion¬ 
ally when using the 1.5 or 5 mile scales prmaided 
long range conditions exist and targets are dis¬ 
tant more than 27 nautical or 31 statute miles 
(approximately). 

For example, a target 28 nautical miles distant 
may appear to be at 1 mile (28-27) on the 1.5 or 
5 mile scales. If the target is 30 nautical miles 
away, it may show at 3 miles on the 5 mile scale 
(30-27). (The 30 mile target would be “off scale” 
on the 1.5 range.) Now, by switching to the 50 
mile scale the target, if 28 miles away, will appear 
at its true range. 

Long range effects, if observed on the 1.5 or 5 
mile scales, may be recognized by watching bearing 
changes as your vessel proceeds. These changes 
will be very small compared to normal range targets. 
Also, by switching to 50 miles, you can check to 
sec if the target exists at the true range. Note that 
27 nautical miles (or 31 statute miles) is the “cross¬ 
over” point. Targets must exist beyond this point 
to give false ranges on 1.5 or 5 mile scales. 

3. Bearing and Range Resolution, Bearing reso- 

Range (miles). 0.5 1 

Span (feet). 105 210 

lution, or the ability of the radar to separate two 
closely spaced targets at the same range, depends 
niainly on the horizontal beam width of the antenna. 
CR-101 horizontal beam is about 1.6° wide at half 
power points. For purposes of illustration assume 
the beam is 2° wide and refer to Figure 15-18. 

At A assume there are two ships, separated from 
each other by 400 feet and 1 mile distant from your 


vessel. The span of a 2 degree beam at 1 mile is 
about 210 feet and the two ships at this distance 
are, therefore, separated by more than the beam 
width. They will appear on the scope as separate 
targets. 



Now at B the ships are still 400 feet apart, but 2 
miles away. Here the beam is about 420 feet wide, 
and it is partly on one ship when it intercepts the 
other ship. On the scope the two ships appear to 
be touching. At C, 4 miles away, the beam is con¬ 
siderably wider than the 400 foot separation between 
the ships. In this case a single target shows on 
the scope. 

Therefore, in practice, two or more distant targets 
that are near one another may blend together and 
appear as one on the scope. As the range decreases, 
and with suitable adjustment of the gain control, 
the targets will separate provided their actual spac¬ 
ing is somewhat greater than the horizontal span of 
the beam. The approximate span of a 2 degree 
beam for various ranges in nautical miles is shown 
below: 

2 3 4 5 10 20 40 

420 630 840 1050 2100 4200 8400 

The span for statute miles is about 16 percent less 
than above values. 

Range resolution is the ability of the radar to 
separate two targets that are on the same bearing. 
This depends mainly on the pulse length of the radar 
transmitter for short ranges and mainly on the scope 
spot size for longer ranges. Since, in practical 
navigation, we are chiefly interested in seeing closely 
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spaced targets at short range, CR-101 radar uses a 
0.25 microsecond pulse for 1.5 and 5 miles. Such 
a pulse has a “length in space” of 246 feet. The¬ 
oretically two ships in line could be seen if sepa¬ 
rated by 123 feet because the pulse has to make a 
round trip (twice 123 feet) in going and returning 
in the space between the ships. However, to pro¬ 
vide a safety factor and allow for one target shadow¬ 
ing the other, we say that the range resolution is 
80 yards (240 feet) on the 1.5 nautical mile scale. 

The separation of in line targets is shown on 
Figure 15-18. At A, with the two vessels spaced 
by 300 feet, they appear on the scope as separate 
targets. At B, with 250 foot spacing, the two ships 
just merge on the scope. At C, with 125 feet be¬ 
tween the two vessels, both appear as a single target. 

At greater distances (IS and 50 mile scales) the 
PPI spot size is the principal factor for range reso¬ 
lution. This gives about 250 yards for 15 miles, 
500 yards for 30 miles and so on. The pulse length 
is 1 microsecond (328 yards) for 15 and 50 mile 
scales. 

15-2h. General Maintenance —This section 
covers general maintenance of CR-101 radar. 
Satisfactory operation of the equipment depends, 
in a large measure, on periodic upkeep such as out¬ 
lined below. When working on the equipment make 
sure that the main switch, which .supplies power to 
the radar, is open. As an additional precaution, 
keep the indicator power switch in the off position. 

1. Blower motor: Transmitter-receiver unit. 
Lubricate every three months. Accessible by open¬ 
ing the front door of the transmitter-receiver unit 
and then removing the rectangular screen above the 
meter panel. Be sure power is off. Place twenty 
drops of light oil (SAE 20) in each oil hole of the 
motor. 

2. Blower motor air filter: Open the small door 
in lower section of the left panel on transmitter- 
receiver unit. Examine air filter and if clogged or 
dirty, discard and replace with a new one. 

3. Antenna drive motor: Lubricate every six 
months. Accessible by removing the large end bell 
from antenna turret. Some motors have grease 
plugs, while others have oil holes. Use light grease 
or twenty drops of SAE 20 oil, taking care neither 
to underlubricate or overlubricate. When replacing 
end bell be sure all studs are drawn up tightly for 
a watertight seal. 

4. Antenna turret oil level: Check oil level by 
removing upper filler plug. Oil level should be 
within three-quarters (%) of an inch from the top. 
Once each year drain out old oil by removing the 
lower drain plug. Replace plug and refill with three 
quarts of SAE 20 motor oil. 

5. Antenna horn: This is the gooseneck section 
of the antenna assembly which faces the reflector. 
The end of the horn is sealed with a rectangular 
plastic window. This window must not be painted. 


The window should be inspected occasionally, and 
if covered with soot, dirt, or other foreign material, 
it should be cleaned with a wet cloth. In working 
around the antenna, care should be taken not to 
bend or distort the horn or reflector. Correct spac¬ 
ing, measured in a straight line from the surface 
of the plastic window on the horn to the front edge 
of one of the reflector rods (just to the right or left 
of the vertical center rib), is 2(>}i6 inches. 

6. Antenna turret and base flange: These parts 
should be painted regularly to avoid corrosion. 
Aluminum paint is recommended. 

7. Antenna reflector: The reflector is made of 
stainless steel and is given a coat of aluminum paint 
at the factory. After a period of time the reflector 
may be given another coat of paint for additional 
protection from corrosion. Do not allow several 
coats of paint to build up on the reflector. 

8. Main motor generator {on d-c ships) lubrica¬ 
tion: This motor generator uses ball bearings which 
are properly packed with grease for about six 
months of normal service. Bearings should be 
lubricated thereafter at six month intervals. Re¬ 
move upper and lower grease plugs at each bearing. 
Force in clean grease at the top until clean grease 
appears at the drain. Allow the machine to run 
about fifteen minutes with plugs out to remove 
grease, then replace plugs, keeping bearings and 
grease clean. Dirt destroys ball bearings. 

9. Main motor generator {on d-c ships) brushes: 
Inspect brushes, commutators and collector rings 
each time the motor is lubricated. Be sure brushes 
are free in their holders and wipe away any dirt 
which may have accumulated on brushes, commu¬ 
tators, or slip rings with a clean cloth. If brushes 
are worn down, replace them from spares. 

10. Waveguide: The waveguide run which is ex¬ 
posed to the weather should be kept painted. It is 
also well to check all waveguide flanges for tight¬ 
ness. The four screws at each flange should be 
kept tight. Do not allow waveguide to become 
dented or bent. 

15-2i. Tube Replacements —When replacing 
tubes, refer to illustrations in this book and the list 
below. Also note that tube sockets are marked to 
show the symbol number and the tube type number. 

1. Tranmitter-receiver Unit Tubes 

Replacement of these tubes requires a tuning 
process which is explained in the section “Notes on 
Magnetron, Local Oscillator, TR and Anti TR,” 
Sect. 15-2j. 

The 725-A magnetron should not be touched with 
power on the set. For maximum safety be sure 
main power switch in indicator unit is in off posi¬ 
tion and, in addition, open the 15-kv circuit breaker 
on the control panel of the transmitter-receiver unit. 

The magnetron is supported by a circular mount¬ 
ing flange around the glass extension which en¬ 
closes the high voltage cathode leads. Six screws 
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(a) receiver chassis (in upper right section) 


Symbol 

Type 

Func¬ 

tion 

Symbol 

Type 

Function 

V-3002 

6AK5 

IF 

V-3010 

6AL5 

Detector 

V-3003 

6J4 

IF 

V-3011 

6AK5 

Video 

V-3004 

6AK5 

IF 

V-3012 

6AG7 

Video 

V-3005 

6AK5 

IF 

V-3013 

6AKS 

IF 

V-3006 

6AK5 

IF 

V-3014 

6AL5 

Discrimi- 
. nator 

V.3007 

6AK5 

IF 

V.301.S 

6AK5 

D.C. Amp 

V-3008 

6AK5 

IF 

V-3016 

2D21 

F.S. Gen. 

V-3009 

6AK5 

IF 

V-3017 

V-3018 

2D21 

OC3/VR105 

S.S. Gen. 
Reg. 


(b) receiver power supply chassis 
(below receiver) 

V-4001 5R4-GY Rect. V-4003 OD3/VR150 Reg. 
V-4002 5Y3-GT/G Rect. V-4004 Ol)3/VR150 Reg. 

(C) TUBES IN THE MIXER-DUPLEXER ASSEMBLY 

(upper left) 

V.3001 723A/B or 2K25 Signal Oscillator (L.O.) 

V-3019 1B35 Anti T.R. 

V-3020 1B24 T.R. 

V-5009 725A Magnetron 

fasten the mounting flange to the support in the 
transmitter. In addition, the output flange of the 
magnetron, at the left side of the set, is bolted to 
the waveguide by means of four vertical studs. 
Therefore, to remove the tube it is necessary to 
l emove the two flexible cathode leads, the six screws 
around the circular flange and the four screws 
around the waveguide flange. The tube .should then 
be withdrawn toward the rear of the set. Do not 
disturb the four large countersunk .screws at the 
front of the set, as these support the magnet. 

To install a new magnetron, reverse the above 
procedure but do not tighten any of the screws 
until it is certain that the circular indentation of 
the anode block (1 inch square block attached to 
the fins) is centered between the poles of the mag¬ 
net. Carefully tighten all screws, keeping the 
magnetic center of the anode block precisely between 
the poles of the magnet. When working around the 
magnetron or its permanent magnet, do not permit 
screwdrivers, pliers etc., to come in contact with 
the pole faces of the magnet. Carelessness in this 
respect may alter the field strength of the magnet. 
Iron filings or other magnetic material tend to accu¬ 
mulate around the pole faces and should be removed 
when replacing a magnetron. 

(d) crystals in THE MIXER-DUPLEXER ASSEMBLY 

There are two crystals, each type 1N23B. They 
are located as shown on Figure 15-21 and are 
shielded by a screw type cover having a long shaft 
at the top. After removing the cover, pry out the 
crystal with a knife blade. (Later duplexers use a 
special tool with two spaced prongs which fit into the 
crystal cap for unscrewing and removing crystals.) 


(e) TRANSMITTER TUBES (BEHIND PERFORATED 
HIGH VOLTAGE PANEL) 

{Caution: High Voltage! Never remove per¬ 
forated panel or touch any tubes inside unless main 
line switch is open or indicator power switch is in 
'*off” position.) 


Symbol 

Type 

Function 

Ssrmbol 

Type 

Func¬ 

tion 

V-5001A 

(one half of 6SN7) 

Cath. Foil. 

V-500.5 

2X2 

Rect. 

V-SOOIB 

(other half of 6SN7) 

Cath. Foil. 

V-5006 

2X2 

Rect. 

V-S002 

6SN7 

Block Osc. 

V-S007 

3B24 

Rect 

V-S(X)3 

829-B (3E29) 

Block Osc. 

V-S008 

3B24 

Rect. 

V-S004 

5D21 (71SC) 

Modulator 





2. Indicator Unit Tubes. Access to indicator 
tubes is accomplished by loosening the four hexagon 
head studs on front of unit and then sliding out the 
assembly on the rollers and tracks provided. When 
assembly is pushed back into binnacle, take care that 
the flexible cables inside do not become fouled. 

(a) SYNCHRONIZER CHASSIS (TUBES FACE 
TOWARD rear) 

{Note: A and B denote each half of dual type 
tubes.) 


Symbol 

Type 

Function 

Symbol 

Type 

Function 

V-IOOIA-B 

6SN7 

Mas. M.V. 

V-IOIOA 

6SN7 

Shaper 

V-1002A 

6SN7 

Pul. Inv. 

V-lOlOB 

6SN7 

Inv. 

V-1002B 

6SN7 

D.S. Gen. 

V-lOllA 

6SN7 

Block Osc. 

V-1003A 

6SN7 

D. Clamp 

V-lOllB 

6SN7 

C.F. Lim. 

V-1003B 

6SN7 

U. C. F. 

V-1012A 

6SN7 

S.T.C. On. 

V-1004A 

6SN7 

D. Amp. 

V-1012B 

6SN7 

S.T.C. Lim. C.F. 

V-KKWB 

6.SN7 

1). Amp. 

V-1013 

6AK.'^ 

Video 

V-1005A 

6SN7 

Inv. 

V-1014 

807 

Videtj 

V-1005B 

6SN7 

Sq. Amp. 

V-lot 5A 

6SN7 

Sw. Gen. 

V-1006 

2D21 

Frig. Gen. 

V-1015B 

6SN7 

Sw. Amp. 

V-10()7 

2021 

Hdg. FI. 

V-1016A 

6SN7 

Unblkg. C.F. 

V-1008 

6SJ7 

Focus 

V-1016B 

6SN7 

Sw. Inv. 

V-1009A 

6SN7 

R.M. Osc. 

V 1017 

807 

Video 

V-1009B 

6SN7 

1 

R.M. Amp. 

1 

V-1018 

807 

Video 


(b) SYNCHRONIZER POWER SUPPLY (VERTICAL TUBES 
LOWER rear) 

V-2001 5R4-GY Rect. V-2005 6SJ7 Rep. 

V-2002 5R4-GY Rect. V-2006 OC3/VR105 Reg. 

V-2003 6AS7-G Reg. V-2007 5Y3-GT/G Rect. 

V-2004 6AS7-G Reg. V-2008 On3/VR150 Reg. 

(c) synchronizer S KV power SUPPLY (behind 

SYNCHRO chassis) 

This unit uses one 3B24 (RK72) tube, .symbol 
V-2101. 

Caution: High Voltage! Power must be off 
when replacing this tube.) 

The 3B24 tube is mounted inside a rectangular 
metal box which has a cover plate held by four 
thumb screws. Reach through right side of bin¬ 
nacle assembly to remove cover when replacing 
tube. 

(d) PPI TUBE — ^V-2301 — ^TYPE 12DP7A 

To replace this tube follow carefully the proce¬ 
dure outlined below. 
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Turn set to off to remove all power. Extreme 
care must be observed whenever the cathode ray 
tube is handled. The large surface area of the 
tube has atmospheric pressure against it, and break¬ 
age will cause glass and tube elements to scatter 
dangerously. Use both hands when lifting the 
CRT. and never lay it down on hard surfaces. 
Transfer the tube from its special carton directly 
to the indicator unit as follows: 

1. Remove the female octal socket from the base 
of the CRT. 

2. Disconnect the CRT 5000-volt anode lead. 
This flexible lead will be found at the left side of 
the tube shield and connects to the 5000-volt rectifier 
unit. 

3. Open the hinged panel on the top front of the 
binnacle which houses the glass CRT light filter 
and the various CRT scales. This can be accom¬ 
plished by turning the screw, directly above the 
range ring control, counterclockwise. The entire 
assembly can then be raised on hinges so that it 
opens out and to the left. 

4. Remove the screws around the circumference 
of the cathode ray tube to remove the holding shock 
absorbing ring. 

5. The CRT can now be lifted out of the CRT 
shield assembly by gently pushing up on the tube 
base. Another person should be engaged to lift 
the face of the tube at the same time. Take care 
not to force the tube. Lift the tube out along the 
long axis of the CRT, and make certain that the 
accelerating anode cap on the side of the tube clears 
the hole admitting its cap. 

6. Place the defective tube in the carton which 
came with the new tube. 

7. To insert the tube, reverse the above proce¬ 
dure. Caution should be exercised in screwing 
down the holding shock ab.sorbing ring. Tighten 
all screws equal amounts until the sponge is com¬ 
pressed and the CR7' is firmly seated. Do not force 
any of the adjustments. If binding occurs, investi¬ 
gate the reasons before continuing. Do not drop 
tools on the face of the tube. Exercise caution. 

8. After inserting a new CRT, check the height 
of the tube face so that it docs not touch the cursor 
wire. It may also be necessary to recenter the spot 
on the tube by using the three knurled adjusting 
screws near the base end of the shield assembly. 
These screws determine the physical position of the 
focus coil. Proceed as follows: 

9. Turn main power switch to operate. Turn 
GAIN control fully counterclockwise. Use 15 mile 
range and advance the intensity control until 
the sweep is clearly visible. The center of the 
sweep should be at the physical center of the tube. 
Use the cursor wire at 0 and 90 degrees to check 
this. Then make small adjustments on the three 
knurled screws to exactly center the sweep. 

3. Fuse Replacements. Blown fuses should al¬ 
ways be replaced with the same rating as those 


furnished with original equipment. All fuses (ex¬ 
cept those in the main line fused switch) are pro¬ 
vided with indicator lights. When a fuse blows the 
indicator light will glow. Replacement with a new 
fuse will extinguish the light. All fuses (except 
in main line) are glass type mounted in insulated 
holders for front panel replacement. To remove, 
turn fuse cap to the left and withdraw. Insert 
new fuse of correct rating in cap and replace in 
holder. 

4. Replacement of Dial Lights. Sixty-volt 
switchboard lights No. 902 arc used for “range” 
and “power on.” ReplaceiiKMit tools (special pliers 
and lamp extractor) are clamped inside binnacle 
at top rear. W ith pliers, remove glass cap over 
light Insert lamp extractor, press brass clamper to 
grip bulb and vvitlidraw. Insert new bulb, keeping 
it straight so that it makes proper contact in socket. 
Replace glass cap. 

The indicator azimuth scale uses six Mazda No. 
323 lamps (3 v). These are “midget” bulbs with 
black knurled screw bases. Two are located on 
outside rim of scale housing. The other four are 
inside, accessible by opening hinged scale housing. 
Take care not to drop tools on PPI tube or damage 
cursor wire when working on inside of housing. 

5. Built-iti Test Meters. There arc three te.st 
meters mounted in the equipment to provide a con¬ 
venient means for checking various voltages and 
currents. These meters are located (1) in the 
lower section of the indicator, (2) in the lower 
section of the transmitter, (3) on the receiver chas¬ 
sis itself. Each meter has two scales marked 0-15 
and 0-600. The 0-15 scale is referred to as the 
upper scale and the 0-600 as the lower scale. Each 
meter is provided with a switch which connects the 
meter to the appropriate circuit and also inserts the 
proper value of shunt or series resistor to read the 
desired voltage or current. When using these 
meters to check the performance of the equip¬ 
ment, refer to the following tabulation. The refer¬ 
ences to “scale” means the lower or upper scale 
of the meter. The “factor” means that the meter 
reading is multiplied or divided as indicated to give 
actual values. 


Indicator Test Meter 


Meter 

Switch 

Scale 

Typical 

Keadiiiis 

Actual Value 

Fat'tor 

5 kv 

Lower 

440-600 

4400 -6(K)0 V 

xio 

500 v 

Lower 

450-550 

450-550 V 

XI 

300 V 

Lower 

290-310 

290-310 V 

XI 

24 V 

Lower 

220-260 

22-26 V 

•MO 

-150 V 

Upper 

14-16 

140-160 V 

•4-10 

115 V a.c. 

Upper 

11-12 

110-120 V 

XIO 


Note: The 115 volt a-c position of the meter switch 
shows the a-c line voltage which furnishes power to the 
entire radar equipment. 
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INOiCATOR TEST METER 
M*220d 


l-SOOuAMm 

257a 


SWITCH 

ROSITIOH 


•fSKV O-eOOVOLT SCALE X 10 
4-500V DIRECT READING 
4>300V •• •• 

4>24V O-eOOVOLT SCALE DIVIDED BY 10 
- 150V 0-15 VOLT SCALE X 10 
115VAC 0-15 VOLT SCALE X 10 


''CR-2201 METER 
RECTIFIER ^ 


SEE DWG 
_^K>4I7| 




ilsJSilS 


1*2205 
24VLAMP 


C-1‘2204 p«*isr 


424V TO 
SYNCHRONIZER 
TRANSMITTER. 
.AND RECEIVER 





mmm 


PHONE r 
TO-i-f 
ANTENNA 


i*2203r ”/ ;;i;i 


^TANDB/l (bPCRATt\ 
, HOUR )\ HOUR } 
SAIETCRy XMETER/ 


. STANDBY TO * 

^ ^ TRANSMITTER • 

-^ "AND RECEIVER J 

0 POWER SUPPLIES I 

§ OPERATE SWITCH^ 

-standbyiisvac; 

TO SYNCHRONIZER' 
POWER SUPPLY, 


PHONE 

TO 

TRANSMITTER 


Fig. 15-20. CR-101 ratUar indicator fuse panel circuits. 


Transmitter Test Meter 


Meter Switcli 

Scale 

Tvpu’al 

RcMdiiig 

.Actual Value 

Factor 

Mag. ma 

I'pper 

7.5 

7.5 nia 

XI 

15 kv 

UpPtT 

12 

12 kv 

XI 

-f-1250 V 

Upper 

12-13 

1200-1300 V 

XlOO 

-1000 V 

Upper 

9-11 

900-1100 V 

XlOO 


Note: Mag. ma position will also read about 7.5 when 
15-kv circuit breaker is off, or when 15-kv source has 
failed. Disregard this reading as it is due to current 
through the undercurrent relay coil which exists before 
magnetron current flows. 


Receiver Test Meter 


Meter Switch 

Scale 

'Fypical 

Keading 

Actual Value 

Factor 

-4-300 V 

Lower 

28(W20 

280-320 V 

XI 

4-105 v 

Upper 

10-11 

100-110 V 

xio 

-300 v 

Lower 

280-320 

280-320 V 

XI 

+24 v 

Rec’r Xtal I 

Lower 

220-260 

22-26 V 

-^-10 

Upper 

3-5 

0.3-0.5 nia 

-MO 

AFC Xtal 1 

Upper 

3-5 

0.3-0.5 nui 

-MO 


15~2j. Notes on Magnetron, Local Oscillator, 
TR and Anti-Tr —One of the most common 
service operations for the CR~101 radar involves 
replacement of tubes or crystals that are mounted 


in the duplexer-mixer assembly (referred to as 
“duplexer” hereafter). When these items have 
reached the end of their normal life and are replaced 
with new ones, rctuning is necessary to keep the 
overall system operating at maximum efficiency. 
This work will be facilitated if there is a clear 
understanding of the general circuit theory. 

Refer to Figure 15-21. The 725-A magnetron 
is coupled to the lower end of the duplexer. The 
nominal center frequency of the 725-A is 9375 me. 
Production magnetrons may vary plus or minus 30 
me, which means that the actual frequency can fall 
between 9345 and 9405 me. In addition, the mag¬ 
netron frequency may be “pulled” by the load drawn 
from it and by temperature changes, to the extent 
of about 25 me. I'hese factors establish a total plus 
or minus variation of 55 me, which makes the radar 
frequency band 110 me wide or 9320 to 9430 me. 
Therefore, changing a magnetron requires retuning 
as explained further in this section. 

When the magnetron output pas.ses up the du¬ 
plexer, it is necessary to protect the receiver crystal 
from burnout. This is the function of the 1B24 
T-R tube (T-R means transmit-receive). The 
1B24 is a resonant cavity spark gap type of tube 
with a “keep alive” electrode. The keep alive elec¬ 
trode has maintained on it minus 1000 volts d.c. 
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increase, which may result in damage to crystals or 
the recovery time may lengthen causing close in tar¬ 
gets to be obscured. The 1B24 may be checked by 
measuring the voltage from the keep alive electrode 
to ground. Use a 20,000 ohm per volt (not 1000 
ohms) meter as the voltage must be measured right 
at the keep alive electrode which has several meg¬ 
ohms in series from the 1000 volt supply. The 
transmitter may be on or off and the 1B24 should 
be checked as follows: 

New or little used tube: 325 to 450 volts. 

Used tube: 325 to 600 volts. Replace if voltage 
is below or above these limits or close to them. 
Retune 1B24 as described later. 

The anti T“R tube, 1B35, does not use a keep 
alive electrode, and has no adjustments for its 
cavity. This tube automatically presents a low im¬ 
pedance to the outgoing pulse when transmitting, 
and high impedance to the received signal when 
receiving. This arrangement keeps the incoming 
signal from passing into the magnetron cavity, 
which would reduce receiver sensitivity. The 1B35 
anti T-R tube should be changed after approxi¬ 
mately 1000 hours of operate time. 

Whenever a T-R, anti T-R, or magnetron is re¬ 
placed the service man should fill in the tag attached 
to the duplexer assembly to show: 

1. Hour reading of '‘operate” meter. 

2. Type of tube or tubes replaced. 

3. Date, port, and name of service man. 

This information will assist the next service man 
to check the number of hours the tubes have been 
in use and to determine if other tubes in the du- 
plexcr need replacement. 

The radar receiver is a high-gain superheterodyne 
with 30-mc intermediate frequency and, therefore, 
requires a local oscillator to beat with the magnetron 
frequency and a signal crystal to act as a mixer or 
first detector. The local oscillator, a 723A/B or 
2K25 tube (klptron) and the signal crystal 1N23B 
are mounted in the right hand or mixer section. 
The tuning screw marked “2" adjusts the r-f cou¬ 
pling between the local oscillator and the signal 
crystal. There is a second 1N23B crystal, known 
as the AFC crystal, whose r-f coupling between 
the same local oscillator and the AFC crystal is 
adjusted by tuning screw marked “3.” Tuning 
screw “1” and a mounting for a second 723A/B 
oscillator are for future beacon or “Ramark” opera¬ 
tion and are not discussed in this book. Before 
describing the adjustment procedure for tuning 
screws 2 and 3, the action of the 723A/B local 
oscillator should be understood. 

The local oscillator is a cavity type of tube and 
must operate 30 me abo7'c the magnetron frequency 
in order to permit the automatic frequency control 
(AFC) circuits in the receiver to function. For 
example, if the magnetron is running at 9375 me, 
the L.O. (local oscillator) must function at 9405 
me. There are two controls for the 723A/B fre¬ 


quency. One control is a square head screw on the 
tube, underneath the shield cover, which “squeezes” 
the tube cavity strut to change its resonant fre¬ 
quency. Highest L.O. frequency is with the strut 
fully closed, screw turned left all the way. This 
screw causes the frequency to decrease when turned 
toward the right and is used for comparatively 
large changes in frequency. The square head screw 
and the metal tube envelope have 300 volts im¬ 
pressed on them and the special tuning tool (Plastic 
Rod, socket on one end, screwdriver on other end) 
must be used for adjustment. 

The second local oscillator control, for small 
changes in frequency, is located on the receiver 
chassis, near the top front section. This control, 
a potentiometer, is used to adjust the reflector elec¬ 
trode voltage of the 723A/B. A manual-afc 
toggle switch on the receiver chassis is used in the 
MANUAL position for initial adjustments (described 
later). It is then left in the afc position for normal 
operation so that the receiver AF(' circuits can con¬ 
trol the 723A/B reflector voltage and hence its 
frec|uency. There is also a second manual-afc 
switch on indicator lower panel. This switch must 
be left in the afc position when adjusting the re¬ 
ceiver and for normal service. In an emergency 
the switch on the indicator panel can be used in 
the manual position and the manual tune shaft 
adjusted for best targets on PPL This would be 
done in case the receiver AFC tubes or circuits fail. 

A review of the foregoing theory will make it 
clear that retuning in the duplexer assembly is 
needed to take care of the following conditions: 

1. A new 72S-A magnetron requires cavity and 
reflector voltage adjustments to the 723A/B oscil¬ 
lator, tuning of screws 2 and 3, and retuning of 
T-R. 

2. A new 723A/B local oscillator requires cavity 
and reflector voltage adjustments and tuning of 
screws 2 and 3. (Similar routine as in 1.) 

3. A new 1B24 T-R replacement only, requires 
letuning of its cavity adjusting screw. 

The above tuning operations are best accom¬ 
plished by using a type TS-34A/AP synchroscope. 
This unit functions as an A scope to show the rela¬ 
tive amplitude of received signals. It is also useful 
to observe wave forms in checking trouble at the 
tube sockets or other circuit elements. 

The mechanical procedure for replacing a 725-A 
magnetron has already been described. When ap¬ 
plying power to a new tube, a gradual process should 
be used as follows: 

Open the IS-kv circuit breaker (indicator unit 
power switch to be in operate position). Turn 
15 KV ADj screw (rheostat control) full counter¬ 
clockwise. Place transmitter meter switch in 
position 1 to read magnetron plate current. Close 
15-kv breaker. Warning: Do not touch high- 
voltage magnetron cathode leads, filament trans¬ 
former, or other high potential components. Allow 





Fig. 15-22. CR-101 radar receiver schematic- 
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tube to operate for at least 5 minutes. Gradually 
raise voltage with 15-kv screw and listen for arcing 
inside tube. If arcing occurs, lower voltage and 
then slowly increase it. It is normal for some new 
tubes to arc until they arc seasoned, but long period 
arcing at high voltage must be avoided. Finally, 
when the tube is operating correctly, adjust the 
l5-kv screw until the magnetron current is 7.S ma. 
A check may then be made on magnetron voltage 
(switch position 2) which should indicate about 
12 kv. 

15~2k. Arrangement of TS34A/AP Synchroscope 

1. General 

(a) Refer to Figure 15-24 showing TS34A/AP 
connected to transmitter-receiver unit. 

(b) Plug in a-c cord to rccei)tacle on transmitter 
test panel. 

(c) Connect synchronizing cable to trigger test 
jack on transmitter test panel. Use probe assembly 
MX-474/AP or MX-50/AP. 

(d) Connect signal input cable to video test 
jack in end of receiver. Use probe assembly MX- 
474/AP or MX-50/AP. 

2. Scope Settings 

(a) Input impedance: Set on ‘‘0.” 

(b) Image size: Turn all the way clockwise. 

(c) Attenuation: Set on “0.” 

(d) Sync switch: Set on ext. 

(e) Sync voltage: Adjust to obtain steady 
picture. 

(f) Sync, polarity: Switch down. 


(g) Sweep selector: On start-stop. 

(h) Sweep speed: course set to slow, fine 
adjust to give suitable picture size. 

(i) Position controls: Horizontal set to about 
center. Vertical set to about center. 

3. Test Conditions for Retiming if 725-A Mag- 
nctron or 725A/B Local Oscillator is Replaced 

(a) Antenna stopped (antenna switch off) with 
antenna pointing in direction of targets. 

(b) POWER switch on operate. Range 1.5 or 5 
miles, depending upon targets available, receiver 
GAIN adjusted so that noise pips (grass) appear on 
A scope. 

(c) receiver meter switch at 5 to read signal 
crystal current (later this switch is used at 6 to 
read AFC crystal current). 

(d) receiver AFC-MANUAL SWitch at MANUAL 
(indicator AFC-MANUAL switcli kept on AFC). 

(e) Shield cover removed from 723A/B local 
oscillator so that plastic tuning wrench can be used 
to adjust cavity square head screw (300 volts on 
tube shell and screw). 

(f) There are two settings of 723A/B local oscil¬ 
lator cavity screw which will give maximum signals. 
One is 30 me below and the other 30 me above the 
magnetron frequency. The higher setting is the 
only correct one which permits the AFC circuits to 
lock in. With the screw turned all the way to the 
left (counter clockwise looking up at screw head), 
the strut is fully closed. This gives the highest 
local oscillator frequency. As the screw is slowly 
turned to the right (clockwise), the first signals seen 









644 


RADIO MANUAL 



Fig. 15-24. RCA CR-101 radar test set-up using 
TS34A/AP oscilloscope. 

on the “A” scope are the &ifi:nalh to be used for 
correct AFC operation. Turning the screw still 
more to the right will cause signals to first dis¬ 
appear and then reappear at the point where the 
local oscillator is 30 me below the magnetron fre¬ 
quency. This is an incorrect setting. In other 
words, it is best to start out with the local oscillator 
running at its highest possible frequency (strut 
closed) and then use the first set of signals which 
appear when the screw is turned to the right. 

(g) Set the local oscillator on its highest fre¬ 
quency by closing the strut (screw turned fully 
left). 

(h) Adjust reflector voltage by the potentiometer 
on the receiver chassis to give some crystal current, 
but not over 0.5 ma. 

(i) Turn local oscillator tuning screw gradually 
to the right watching for signals on the A scope, 
and also note that there is some crystal current at 
all times. Be sure local oscillator is running 30 
me high as explained in paragraph (f). 

(j) When signals appear, adjust first the reflector 
potentiometer and then cavity tuning screw until 
maximum crystal current is obtained when maxi¬ 
mum signals are observed. Maximum current and 
A scope signals should coincide. 


(k) Adjust tuning screw 2 to give about 0.4 ma. 
This current should be between 0.3 and 0.5 ma. 

(l) Next place meter switch at 6 to read AFC 
crystal current. Adjust screw 3 so that AFC cur¬ 
rent is between 0.3 and 0.5 ma. Do not vary re¬ 
flector or local oscillator cavity screw. Adjustment 
of screw 3 may change receiver crystal current 
(switch position 5). Check this and readjust screw 
2, if necessary. Repeat adjustments of both 2 and 
3 screws so that any interlocking between them is 
equalized. 

(m) Defective crystals will cause low crystal 
current and poor receiver sensitivity. Crystals are 
exposed by unscrewing the long shaft (shielding) 
and then by carefully prying out the crystal. 

(n) Now check for proper AFC operation. 
Throw AFC-MANUAL switcli on receiver chassis to 
AFC and leave it there. Start antenna and observe 
signals on PPL Also note that receiver and AFC 
crystal currents show steady values on the meter. 
Change main power switch from standby to oper¬ 
ate a few times. Replace shield cover on 723A/B 
local oscillator with power ofif. (Note: AFC cir¬ 
cuit may also be checked for “sweeping"’ action. 
Open IS-kv breaker and note that crystal current 
in positions 5 and 6 rises and falls slowly.) 

(o) Rctunc T-R to give maximum signals on A 
scope after replacing magnetron. 

4. Tuning Procedure for IB24 T-R Tube, If 
the TS34A/AP scope is set up, the 1B24 T-R tube 
is tuned by simply adjusting its cavity screw for 
maximum signals on the A scope. An alternative 
method, which can be used if an A scope is not 
available, is to adjust the 1B24 cavity .screw while 
someone observes the intensity of signals on the 
PPL Correct screw adjustment will be shown by 
brightest signals on the PPL 

15-3. Loran-—The Loran system is a modern 
electronic aid to navigation by means of which navi¬ 
gators on or over the ocean can determine their 
position accurately and quickly, day or night, and 
under practically any condition of weather and sea. 
The name “loran” was derived from the words 
“LOng RAnge Navigation,” which describe in gen¬ 
eral terms the system’s relative utility when com¬ 
pared to ranges of other electronic navigational aids. 
The effective range of loran is as great as 1400 
nautical miles at night and 750 miles during the 
day (Figure 15-27). The accuracy obtained is 
comparable to that which may normally be expected 
from good celestial observations. Even though 
such precision is attained, the determination of posi¬ 
tion by loran requires but 2 to 3 minutes* time. 

The navigator can think of loran as merely a 
new method of determining lines-of-position. These 
loran lines can be crossed with other loran lines, 
with sun lines, star lines, soundings, radar range 

2 This entire section on loran reprinted from U. S. Coast 
Guard Publication “Electronic Navigational Aids” by 
permission. 






CR-101 radar external connection diagram for 115-volt. 60-cycle pKiwer supply. 
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DAY AND NIGHT COVERAGE AREA. 



NIGHT COVERAGE AREA. 


Fio. 15-27. Typical day and night loran coverage area. 


circles, or bearings, to provide fixes. Loran lines 
are fixed with respect to the earth’s surface; their 
determination is not dependent upon the .ship’s com¬ 
pass, chronometer, or other mechanical or electronic 
devices. Loran shipboard equipment requires no 
special calibration and is not afifected by the ar¬ 
rangement or disarrangement of shipboard antennas, 
cargo booms, ventilators, etc., as in the case of radio 
direction fingers. 

Loran signals are on the air and available to 
navigators for 24 hours per day, and cover the 
major shipping lanes of the seas and oceans of the 
world. Developed as a wartime necessity, the sys¬ 


tem is now at the disposal of private shipping—any 
nation, any line, all may make free use of it. 

15-3a. Principles of Operation— Loran oper¬ 
ates on the following principles: 

1. Radio signals consisting of short pulses are 
broadcast from a pair of shore-based transmitting 
stations. 

2. These signals are received aboard the ship or 
plane on a special loran radio receiver. 

3. The difference in times of arrival of the sig¬ 
nals from the two radio stations is measured on a 
special loran indicator. 

4. This measured time-difference is utilized to 
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determine directly from special tables or charts a 
line-of-position on the earth’s surface. 

S. Two lines-of-position, determined from two 
pairs of transmitting stations, are crossed to obtain 
a loran hx. 

Since radio signals travel at a constant speed, the 
direct relationship between time of travel and dis¬ 
tance traveled exists. Thus, measurement of inter¬ 
vals of time is, in essence, a measurement of dis¬ 
tance itself. 

The radio signals which are transmitted by loran 
stations are not continuous transmissions such as 
those of everyday commercial broadcasting stations, 
but are “pulse” signals, or short bursts of radio 
energy transmitted at regular intervals. The use 
of “pulse” signals permits the individual signals to 
be identified in order that time measurements can 
be made. This would not be possible if the trans¬ 
missions were continuous. 

Because the basic loran measurement evaluates 
the difference in the distance between the navigator 
and each of two fixed transmitting stations and not 
the individual distances themselves, there are many 
points at which the difference would be the same 
even though the distances varied widely. These 
points fall along a smooth curve (hyperbola) which 
is known as a loran line of position. Therefore, 
when a navigator has obtained a loran reading from 
a pair of transmitting stations he has determined 
that his true position lies at some point on a par¬ 
ticular loran line of position. By making loran 
measurements on a second pair of stations a second 
line of position has been identified and the navi¬ 
gator’s true position or “fix” has been c.stablished 
at the point of intersection of the two lines. 

In order to simplify the navigator’s problem of 
interpreting the loran data in terms of coordinates 
of latitude and longitude, loran charts are provided 
which picture the electronic lines of position with 
respect to some convenient map of the region in 
which the ship is sailing. The same information 
is available in the form of loran tables for the 
convenience of navigators who desire to cross loran 
lines of position with celestial observations on their 
regular navigators chart. 

The diagram of Figure 15-28 illustrates the basic 
principles of the determination of position by means 
of loran. 

15~3b. Transmitting Station Functions— Loran, 
through the medium of radio waves, covers the main 
traffic lanes of the seas and oceans of the globe 
with electronic lines of position to aid and protect 
the modern navigator in his pursuit of the ancient 
art of celestial navigation. These electronic lines 
stem from the loran transmitting station, the heart 
of the system. 

Because loran is concerned with the measurement 
of radio signals from two different sources, loran 
stations operate in pairs. The function of each 
station of a loran pair is somewhat different from 


that of its companion station and each is given a 
designation which is descriptive of the role which 
it performs, namely, “master” station and “slave” 
station. 

The “master” starts the cycle of transmission by 
sending out a pulse of radio energy which is radi¬ 
ated in all directions including that of both the 
navigator and the “slave” station. After traveling 
over the distance between the two transmitting sta¬ 
tions, which is known as the “baseline,” the pulse 
transmitted by the “master’’ arrives at the “slave.” 
This signal is received by means of the loran equip¬ 
ment of the “slave” station and the time of its ar¬ 
rival is used by the “slave” as a reference for the 
transmission of its own signal. 

After the “slave” transmits its pulse, the entire 
cycle is repeated again and again. 

Thus the “master” station sets the pace and the 
“slave,” by following, completes the loran trans¬ 
mitting cycle. This is shown diagrammalically in 
Figure 15-29. 

By this simple process, a pair of loran stations 
send out their guiding signals to the hundreds or 
thousands of navigators who may be within the 
area of their service which, in most cases, is well 
over 1 million square miles! 

15-3c. Control of Loran Transmissions —Since 
the value of the loran system is equal only to the 
accuracy of timing of the signals transmitted, every 
precaution is taken to safeguard the functioning of 
the system. This is effective to such an extent that 
the navigator may feel certain that the loran data 
which he obtains is correct. This fact has been 
proven by the acid test of completely successful 
loran operation under the severe conditions imposed 
by the war. 

The nature of loran transmitting station equip¬ 
ment makes it necessary for the loran transmitting 
station operator to observe the signals of both sta¬ 
tions continuously during transmission. As a con¬ 
sequence, the man on watch at either station of a 
pair is in a position to “double check” for the exist¬ 
ence of any fault that might occur in the signal of 
either station. 

As an additional precaution to insure proper 
transmissions, independent monitor stations have 
been established at strategically located points with 
respect to the transmitting stations. The monitor 
stations maintain a continuous watch over the accu¬ 
racy of the loran signals transmitted, assuring that 
the signals are synchronized within established limits 
of accuracy and take appropriate action in the case 
of any discrepancy. 

Loran transmissions can be momentarily at fault 
due to many possible causes such as electrical failure 
of a part of the equipment or operating error in 
manipulating controls. Even though these troubles 
may be minor and of relatively short duration, it is 
absolutely essential that the navigator be acquainted 
with the failure instantly and positively. In order 
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stations Ai and A^. Line of position B is found by measuring the time difference 
between sipnals received from transmitting stations H| and Bj,. The naviKators fix is 
established at the point of intersection of the two lines of position. The latitude and 
longitude of the navigator’s position is determined from the loran data by using the 
loran charts or loran tables. 


to do this, a blinker device is switched in at either 
of the two stations. “Blinking” produces a charac¬ 
teristic movement of the transmitted signals, which 
is easily recognizable and serves to warn the navi¬ 
gator tliat the signals are not to be used for navi¬ 
gational purposes until the blinking ceases. 

In case the failure is sufficiently serious to pre¬ 
vent transmission entirely, from one of the paired 
stations, it would not be possible for the navigator 
to misinterpret the loran signals since the presence 
of only one of the expected signals on the air would 
preclude making any time difiference measurements 
at all from that particular pair. Other pairs would 
not be effected. 

Because of the fundamental checks which are 
vigilantly maintained on the operating loran signals, 
the navigator at sea or in the air is assured that any 
transmissions which he receives, with the exception 
of “blinking” signals, are accurate, reliable electrical 
guideposts marking the electronic lines of positions 
of this modern long-range navigational aid. 

15-3d. Transmitting Station Equipment— In 
order to send out a succession of reliable loran sig- 
nals to aid navigators at sea in determining their 
position, the transmitting station has two funda¬ 
mental responsibilities. The first of these is the 
generation of radio impulses of the proper fre¬ 
quency, power, and duration. The second is the 
timing of these radio impulses at the correct inter¬ 
vals and with the required degree of precision. The 


two major units of transmitting station equipment 
fulfill these responsibilities, as their names indicate, 
since they arc the loran transmitter and the loran 
timer. 

The loran transmitter is a pulse type of equipment 
of a special design developed specifically for loran 
application. The radio frequency pulses which are 
generated by the equipment contain a great deal of 
electrical energy and are as powerful, although of 
short duration, a> the largest commercial broad¬ 
casting stations’ transmissions. The loran trans¬ 
mitter functions in such a manner that a single pulse 
of radio energy is sent out each time the transmitter 
receives an electrical timing impulse. The timing 
impulse is known as a “trigger” pulse and serves to 
turn on the transmitter for the duration of the pulse. 

The loran timer is the fundamental unit of equip¬ 
ment on which the accuracy of the loran system de¬ 
pends. The timer is made up of the following basic 
components which serve the purposes indicated: 

(a) Radio recewer. The receiver permits the 
reception of loran signals from the distant station 
and also those transmitted by tbe local station. 

(b) Indicator, Based upon the function of the 
cathode ray tube which permits the operator to see 
electrical impulses, the indicator permits visual 
inspection of the signals themselves and other basic 
functions of the equipment. 

(c) Oscillator and timing circuits. The complex 
and precise timing functions stem from a crystal 
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Step I. Navigator 
aboard ship at “N” is 
within range of stations 
‘‘M’* and “S" and is 
about to receive loran 
signals. 

Step 11. Loran trans¬ 
mission cycle is begun 
by “master” station. 
Pulse is radiated in all 
directions and travels 
toward both “slave” sta¬ 
tion and navigator. 

Step III. Pulse trans¬ 
mitted by “master” sta¬ 
tion arrives at “slave” 
but has not yet reached 
the navigator. 

Step IV. Pulse from 
“master” station arrives 
at position of navigator. 
“Slave” station has al¬ 
ready received “master” 
pulse and is waiting for 
proper amount of time 
to elapse before trans¬ 
mitting to assure cor¬ 
rect synchronization with 
“master.” 

Step V. After wait¬ 
ing for the proper 
amount of time to as¬ 
sure correct synchroni¬ 
zation the “slave” trans¬ 
mits its pulse. The 
navigator has already 
received the pulse from 
the “master” station. 

Step VI. “Slave” 
pulse arrives at naviga¬ 
tor's position. Since 
navigator has already 
received the signal from 
the “master” station lo¬ 
ran reading is taken 
by measuring the time 
elapsed between the ar¬ 
rival of the “master” 
and “slave” pulses. Af¬ 
ter both signals have 
traveled throughout their 
effective range, the cy¬ 
cle is repeated. 



STEP I 


STEP IV 



STEP II 



STEP V 



STEP III 



STEP VI 


Fig, 15-29. Sequence of operation of loran transmitting stations. 


controlled oscillator of the highest laboratory stand¬ 
ards. The timing circuits permit the measurement 
of the time interval between the signals received 
and furnish the necessary trigger pulses for operat¬ 
ing the loran transmitter and similar timing pulses 
for other secondary station functions. 

Some idea of the high degree of precision of the 


loran timer equipments may be illustrated by the 
fact that a pocket watch of comparable accuracy 
would run for a period of over 9% years before it 
would lose or gain a single second of time. 

A third item of equipment which is of funda¬ 
mental importance in a transmitting station is the 
loran switchgear. This is constructed as a sepa- 





MARINE NAVIGATIONAL AIDS 


651 


rate physical unit and contains the necessary switch¬ 
ing to permit the operator to place different units 
of the station equipment in use by properly con¬ 
necting them to the other units. The switchgear 
chassis also houses the '‘attenuator” unit, an elec¬ 
tronic switch which effectively disconnects the re¬ 
ceiver unit each time the local transmitter sends out 
a signal. It is necessary to do this to prevent the 
receiver from being damaged by the strong signal 
that is generated in the vicinity of the station's own 
transmitting antenna. During the interval when 
the local transmitter is not sending out a signal, the 
attenuator effectively reconnects the receiver to per¬ 
mit the operator to receive the signal from the dis¬ 
tant station. 

In order to provide reliable loran service even in 
the case of minor failures of equipment it is the 
established practice in designing loran stations to 
provide duplicate units of all of the major items. 
In this manner an equipment failure causes only a 
momentary pause in the service, since the stand-by 
equipment can usually be placed in service in less 
than a minute’s time. 

15-3e. Equipment Used by the Navigator— 

Loran eciuipment used by the navigator on ship¬ 
board or aircraft at sea in the determination of 
his position, is known as a receiver-indicator. The 
receiver performs the functions of an ordinary radio 
leceiver but delivers its output to a visual indicator 
1 ather than to a loudspeaker and is designed for the 
reception of pulsed signals rather than ordinary 
radio signals. The indicator is essentially an elec¬ 
tronic stop-watch capable of measuring, in micro¬ 
seconds, the difference in times of arrival of pulse 
signals from the two stations of a pair. In the 
indicator, horizontal traces on the .screen of a cath¬ 
ode ray oscilloscope form the equivalent of the dial 
of a watch. A vibrating quartz cry.stal is the bal¬ 
ance wheel, and electrical circuits known as “di¬ 
viders” or “counters” take the place of gear wheels. 

Installation of the receiving equipment is quite 
simple and can be performed in a few hours time. 
Actually, installation merely requires simple me¬ 
chanical mounting of the equipment to the deck or 
bulkhead, erection of an ordinary radio receiving 
type vertical antenna, and plugging in the power 
cord to the local electrical power source, 

15~3f. Operating Range and Accuracy—Three 
fundamental characteristics of loran are of particu¬ 
lar importance to navigators using the system. 
These qualities are the following: 

(1) I^racticability of loran operation over longer 
distances than is possible with older types of radio 
navigational aids. 

(2) High order of positional accuracy attained. 

(3) Reliability of loran under all kinds of 
weather conditions. 

Vessels and aircraft at sea may determine their 
position by means of loran both day and night when 
they are within 750 nautical miles of the transmit¬ 


ting stations. This is based on the reception of 
“ground waves” which travel on the surface of the 
earth and which are the most stable type of radio 
waves. At night, however, “sky waves” are re¬ 
ceived which are radio waves that travel outward 
from the transmitter until they are reflected from a 
region of the upper atmosphere knowm as the “iono¬ 
sphere” and reach the navigator after reflection 
(Figure 15-30). The use of “sky waves” extends 
the range of loran service at night up to a distance 
of 1400 nautical miles from the transmitting sta¬ 
tions. However, the positional data obtained by 
using sky wave loran signals is somewhat less accu- 
late than the information determined through the 
use of ground waves, but is, nevertheless, still at 
high order 



Fif,. 15-30. Paths of ground wave and 
.sky wave transmission. 


One of the surprising facts about loran is that in 
a matter of 2 to 3 minutes time, a navigator at sea 
can determine his position with .an accuracy com¬ 
parable to that obtained from good celestial observa¬ 
tions which require considerably longer to make and 
which entail somewhat laborious mathematical com¬ 
putations to interpret. 

The accuracy of loran fixes varies considerably, 
depending on the relative position of the navigator 
and the transmitting stations, the angle at which the 
loran lines of position intersect and several other 
factors. A very rough rule of thumb has been 
stated to be that a loran line of position has an 
accuracy of better than 1 percent of the distance 
of the navigator from the stations; thus a navigator 
1000 miles away from the stations would expect the 
line of position to be well within 10 miles of the 
proper position. As the stations are approached, the 
accuracy increases greatly, and along the imaginary 
line between the two stations, or base line, a line of 
position may have an accuracy of the order of sev¬ 
eral hundred feet. This feature has particular 
practical value since the physical arrangement of 
loran stations is such that a navigator making a 


652 


RADIO MANUAL 



THE SPACING BETWEEN LORAN 
LINES OF POSITION INCREASES 
AS THE NAVIGATOR MOVES 
AROUND THE SERVICE AREA 
FROM THE CENTRAL REGION 
TOWARD EITHER BASELINE 
EXTENSION 


Fig. 15->31. Loran lines of position. 
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landfall will usually approach the shore in this ure 15-32 shows a vessel approaching a liarbor 
highly accurate area of loran service. Figure 15-31 along a line of position. 

shows the pattern that a family of loran lines of Another important feature of loran is the reli- 
position make with respect to their transmitting sta- ability of the signals and the conse(|uent removal 
tions and points out the regions of accuracy. Fig- of doubt as to the dependability of loran fixes. 





Fir,. 15-.?2. Vessel approaching harbor along loran line of position. 
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Loran signals can be received under all ordinary 
conditions of storms, gales, and other severe 
weather. This is possible because the ordinary elec¬ 
trical interferences that accompany these conditions 
obscure the loran signal for only a few seconds at 
a time and the navigator need only wait for a few 
moments to obtain usable data. The greatest safe¬ 
guard in this respect is the fact that loran signals 
are always accurate when they are received at all. 
In the case of some unusual interference that might 
completely block the loran signals, no data could be 
obtained at all. There is no “in between” condition 
in the use of loran for navigation and as a conse¬ 
quence, the navigator may always feel assured that 
any loran data that he obtains will be of customary 
accuracy and dependability. For these reasons 
loran is an especially valuable asset to navigation 
during bad weather. 


15~3g. Loran System Description 

1. Loran: A long range aid to navigation for the 
determination of position based upon the difference 
in times of arrival at the navigator’s position of 
1 adio signals transmitted from two fixed loran trans¬ 
mitting stations. 
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Fig. 15-33. Loran timing sequences. 


2. Type of transmission. Loran transmissions 
are “pulse” transmissions. Very short pulses of 
radio frequency energy are radiated at periodic in¬ 
tervals which are very long compared to the dura¬ 
tion of the pulse. During the interval between 
successive pulses of a station, no radio signal from 
that station is on the air. 

3. Radio frequency: Loran signals are transmitted 
at the present time on three frequency channels: 

1950 kc 
1850 kc 
1750 kc 


4. Pulse definition: The loran pulse signal is of 
approximately 80 microseconds duration and the rec¬ 
tified envelope has a shape similar to that of a sine 
wave when viewed on a loran receiver. It is custo¬ 
mary to measure pulse width at one-half ampli¬ 
tude; standard width is thus considered to be 40 
microseconds. 

5. Pulse repetition rates: Loran pulses are trans¬ 
mitted at a number of different repetition rates. 
Differences in repetition rate is the means of identi¬ 
fication of particular pairs of stations. Specific 
pulse repetition rates are assigned in several general 
categories with the particular rates of each category 
being only slightly at variance with a convenient 
rate known as the “base rate.” Present “base rates” 
and “specific repetition or recurrence rates” are 
tabulated below; 


BASh Rate 25 Cycles (Pulses) per Second 


Spenfit Ratf 

Frequency 

Interval 

Dengnatum 

{cps) 

{mu rosei onds) 

0 

25 

40,000 

1 

■ 25* 

39,900 

2 

. 25 J 

39,800 

3 

25* 

39,700 

4 

. 2Si 

39,600 

5 

. 25* 

39,500 

6 

. 2SJ 

39,400 

7. 

25* 

39,300 


Bask Rate 33 J Cycles (Pulses) per Second 


Specific Rate 

Frequency 

Interval 

Designation 

{cps) 

(microseconds) 

0 

33* 

30,000 

1. 

334 

29,900 

2. 

33 ! 

29,800 

3. 

331 

29,700 

4. 

33i 

29,600 

5. 

33f 

29,500 

6. 

34 

29,400 

7. 

34J 

29,300 


New loran transmitting station equipment is capable 
of operation on a base rate of 20 cps to provide for 
future expansion of the system without requiring 
additional radio frequency allocations. 

6. Loran timing sequences: (Loran timing se¬ 
quences are shown graphically in Figure 15-33.) 
Master and slave stations are pulsed at exactly the 
same pulse recurrence rate. The master pulse is 
transmitted first and, after traveling the distance of 
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the base line, arrives at the slave where it is received 
and used as a timing reference. After waiting for 
a predetermined length of time which is necessary 
to establish correct loran synchronization, the slave 
station transmits its pulse. The amount of time 
that the slave waits, or delays, is always fixed at 
an amount greater than one-half of the recurrence 
interval, and, as a consequence, the master signal is 
always transmitted during the first half of the recur¬ 
rence interval and the slave transmission always 
occurs during the second half of the interval, re¬ 
gardless of the navigator’s position with respect to 
the stations The signals are received and viewed 
by means of a cathode ray oscilloscope using a time 
base equal to the recurrence interval but divided 
into two equal half-interval traces so placed on the 
scope by the sweep circuits that two half-traces 
a})pcar with the first half directly above the second 
half. Both traces are horizontal in time sweep. 

The controls of the receiving instrument are ad¬ 
justed until the master signal is viewed near the 
beginning of the upper, or “A,” trace. The slave 
signal will appear in its proper place on the lower 
trace. Measurement of the loran time difference is 
made by evaluating the horizontal displacement of 
the slave station with respect to the master in terms 
of time, microseconds. By this physical arrange¬ 
ment of the traces the half recurrence interval delay 
which was introduced by the slave is effectually 
canceled from the measurement. Loran readings 
tlms obtained may be interpreted in conventional co¬ 
ordinates by the use of loran charts or tables. 
A fast speed time base having a duration of roughly 
from 100 to 300 microseconcls is provided to permit 
visual examination of the pulse envelope itself which 
is necessary to establish the precise adjustment re¬ 
quired in making a loran reading. 

7. Blinker signal: The timers at loran transmit¬ 
ting stations are equipped to perform a function 
known as blinking. The signal is used to indicate 
that the transmissions should not be considered reli¬ 
able during the period of blinking. In general, 
blinking causes the received pulse to rhythmically 
swing back and forth as viewed on the slow sweep, 
and to rhythmically appear and di.sappear on the 
fast sweep. In the few exceptions to this method, 
due to a difference in transmitting equipment, there 
is a rhythmic appearance and disappearance on both 
slow and fast sweeps. 

15-3h. Loran Receiver 

1. Operating radio frequencies: The radio re¬ 
ceiver of a loran receiver-indicator is provided with 
four radio frequency channels and may be set for 
operation on any of the frequencies tabulated in the 
system specification. In operation, receiver tuning 
is fixed and a four-position switch provides simple 
means of changing channels. 

2. Receiver sensitivity: The receiver has a sensi¬ 
tivity sufficiently high that a signal of approximately 


10 microvolts delivered by the antenna to the re¬ 
ceiver input will result in full scope deflection of 
the cathode ray indicator. Receiver and indicator 
form an integrated unit and are not intended to 
function separately. 

3. Bandwidth: Early designs incorporated a total 
bandwidth of the order of 80 kilocycles at 6 db 
down. Current trends are toward considerable re¬ 
duction and total bandwidths of 40 kilocycles or 
less at the same decibel limitation are contemplated. 

4. Differential gain amplifier: The receiver in¬ 
corporates a differential amplifier which operates in 
synchronism with the incoming signal recurrence 
frequency to permit amplification of each of the two 
signals received at different ratios. This feature 
permits presentation to the cathode ray indicator of 
signals of equal amplitude. Sufficient range of op¬ 
eration is provided to permit accommodation of 
incoming signals having a ratio of strengths as 
high as 500 to 1. Earlier equipments had an oper¬ 
ating limit of roughly 100 to 1. 

15-3i. Loran Indicator 

1. Functional purpose: The indicator unit con¬ 
tains the necessary circuits to perform all of the 
timing functions of the e(|uipnient with the required 
precision. It contains the sweep generators and the 
cathode ray tube for presentation of the signals 
received. 

2. Master oscillator: The basic timing medium of 
the equipment is a precision, crystal controlled, 
master oscillator. The oscillator possesses a high 
order of short lime stability in the order of a few 
parts in 10 million. Manual means of adjustment 
is provided to vary the frequency over a range of 
more than 200 parts in a million. This adju.stment 
permits cycling the oscillator until the timing of 
the receiver-indicator is in exact step with the re¬ 
curring pulses received from the transmitting 
stations. 

3. Timing markers: Through the medium of its 
timing circuits, the indicator provides a sequence of 
precise timing markers spaced at convenient inter¬ 
vals to facilitate measurement of time sequences 
with a basic accuracy in the order of plus or minus 
1 microsecond. 

4. Time Base: The sweep generators provide a 
slow sweep as outlined in the system specification 
which covers the entire recurrence interval by means 
of a divided trace. A fast sweep lasting in the 
order of 200 microseconds or less is provided and 
by means of delay controls may be positioned to 
examine the particular sections of the time base at 
which a signal appears. For convenience in identi¬ 
fication and for purposes of triggering and delay 
measurement a pedestal or raised rectangular pulse 
appears on the slow sweep presentation in the 
portion covered by the fast sweep. Timing ar¬ 
rangements are made to permit the fast sweep gen- 
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erator to fire at a predetermined point on both the 
upper and lower traces. 

5. Matching pulses: To measure loran time differ¬ 
ences, the time base is cycled with respect to the 
transmissions until the nuivStcr and slave signals ap¬ 
pear at convenient points on the upper and lower 
traces, respectively, with adjustment being made 
such that the fast sweep generator fires precisely 
in the region of both signals. The signals are ex¬ 
amined on the scope operating on fast sweep and a 
fine adjustment is made until the pulses are super¬ 
imposed or matched with respect to time. Time 
difference measurements are made by means of tim¬ 
ing markers. 

6. Equipment poiver requirements: Loran receiver- 
indicators for shipboard installation arc designed to 
operate on 115 volt (nominal) 60 cycles, single 
phase, alternating current, are rated at from 200 
to 300 watts. 

Aircraft e(|uipments are made to operate on volt¬ 
ages of from 80 to 115, single phase, alternating 
current, and on frequencies from 360 to 2460 cycles. 
Equipments are rated at less than 200 watts. 

7. Receiving antenna: Receiving antenna installa¬ 
tion is simple since only a vertical wire is required. 
A length of 50 to 60 feet is considered desirable 
although satisfactory operation is experienced when 
physical conditions reciuire considerable decrease in 
the effective antenna length. 

8. Method of obtaining loran readings: The ma¬ 
jority of loran receiver-indicator equipment now in 
use was that developed and manufactured during 
the war. 1'his c(|uipment rc(iuires that time differ¬ 
ence determinations be made by matching master 
and slave pulses and then by switching to additional 
scope selection jxisitions and by reference to a set 
of markers, count the divisions and thereby arrive 
at the reading. Receiver-indicators now being 
manufactured and installed which incorporate direct 
reading counters, so that once the pulses are 
matched, all that is necessary to determine the time 
difference reading is to refer to a counter device 
which shows directly the proper numerical reading. 
E((uipments under development for future use con¬ 
template automatic matching of pulses as well as 
the direct reading counters. 

15-4. Radio Direction Finders —Radio direc¬ 
tion finding is an important aid to navigation and 
is made possible because radio waves, under normal 
conditions, propagate between two points by means 
of a great circle route. This enables a ship or air¬ 
craft to determine the direction from which radio 
waves from a distant transmitter are arriving, and 
if bearings arc taken on two or more transmitting 
stations of known location, the ship or aircraft can 
ascertain its position. In a similar manner, the 
location of a radio transmitter can be determined if 
bearings are taken by two or more suitably located 
direction finder receiving stations. 


The loop type radio compass,* or direction 
finder,* was principally developed in this country 
by the U. S. Navy and successfully introduced as an 
aid to navigation. Since its introduction and in¬ 
creasing use, the United States Coast Guard has 
established automatic radio beacons on light vessels 
and at lighthouses in the vicinity of harbor entrances 
and places dangerous to navigation, the exact loca¬ 
tions of which are clearly shown on all navigation 
charts. These stations send out characteristic radio 
signals, thus enabling a vessel fitted with a radio 
compass to take bearings as often as desired. 

l^a. Fundamental Principles —It has long 
been known that an antenna consisting of a loop or 
closed coil has directional properties. Consider the 
loop of wire in Figure 15-34a as being supported 
vertically with its edge pointing in the direction 
of a radio transmitting station. 




Fig. 15-34. Passing radio \\a\e inducing signal in 
loop antenna. 

The wave front of a signal from the transmitter 
will pass through the side of the loop marked F a 
small fraction of time before it passes through the 
side marked K. This results in voltages of like 
phase being induced in each side of the loop. These 
induced voltages flow through the loop circuit in 
opposite directions and tend to oppose each other. 
However, it will be noted (Figure 15-34a) the F 
side of the loop is being cut by a point on the r-f 
cycle of the passing wave with greater amplitude 
than the point on the r-f cycle cutting the R side, 
therefore, at the instant shown, the induced voltage 
in the F side is of greater strength. A voltage will 
therefore be developed across the loop terminals 
proportional to the difference between these two 
voltages and an r-f current will flow in the loop 
circuit. When the loop circuit is resonant to the 
frequency of the incoming wave, a maximum volt¬ 
age will be developed across the loop terminals. 

As the radio wave advances, there will be an in¬ 
stant (Figure 15-34h) when equal voltages will be 
induced in both the F and the R sides of the loop. 
At this instant, the induced voltages in each side 
of the loop will completely cancel each other and the 
voltage across the terminals of the loop becomes 
zero. However, as the radio wave continues to 
advance, the R side of the loop will now have a 

3 'the terms “direction finder’* and “radio compa.ss” are 
used synonymously in this chapter. 
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greater voltage induced in it than the F side and 
current will again flow in the loop circuit, tliis time 
in the opposite direction. The above cycle of 
events is repeated as the successive cycles of the 
passing radio wave cut through the loop. It will 
be noted that the points of maximum voltage in the 
passing wave correspond to points of minimum loop 
voltage, therefore the phase of the voltage across 
the loop terminals is 90° out of phase with the 
voltage of the passing radio wave. 

Now consider the loop turned 90° so as to be at 
right angles to the arriving wave front. 'J'he pass¬ 
ing wave will in this case cut both the F and tlie R 
sides of the loop at the same instant. Tliis results 
in voltages equal in amplitude and phase being 
induced in the loop, however as these voltages flow 
through the loop in opposite directions, the result 
is complete cancellation and no r-f current will flow 
through the loop circuit. 

If the terminals of the loop are connected to a 
suitable radio-frequency amplifier and detector, the 
signals from the transmitting station will be heard 
with the greatest strength when the loop points in 
the direction of the transmitting station, that is, 
when the plane of the loop lies in the direction of 
the source of transmission. As the loop is rotated 
from this position of maximum signal strength, the 
signal will gradually reduce in strength and w'hen 
the plane of the loop reaches a iiosition at right 
angles to the source of transmission, the signal in¬ 
tensity will be zero. If the rotation of the loop is 
continued, the signal will gradually reappear, reach¬ 
ing a maximum strength when the plane of the 
loop again lies in the direction of the source of 
transmission. Referring again to Figure 15-34, the 
R side of the loop has now become tlie F side, and 
vice versa. If the signal intensity is measured dur¬ 
ing the above rotation, it wdll be found that the 
signal strength varies in accordance with a figure- 
eight characteristic as shown in Figure 15-35, dircc- 


O 

100 % 



Fig. 15-35. Ideal figure-eiKlit directional characteristic of 
well-balanced loop antenna. 



Fig. 15-36. Loop anlenna circuit .showing imhalance- 
to-ground brought about by conm*ction to vacuum tube 
circuit. 


tions A and B corresponding to directions of maxi¬ 
mum loop sensitivity. 

15-4b. Capacitance of Loop Circuit to Ground 

—An important factor that must be considered in 
the application of the loop antenna to direction find¬ 
ing is the distortion of the desired figure-eight re¬ 
sponse characteristic if the loop is not electrically 
balanced with respect to ground. Under these cir¬ 
cumstances of poor balance, the loop acts to a cer¬ 
tain extent as a conventional antenna; this effect, 
known as “antenna effect,” tending to destroy the 
desired figure-eight response. In addition, the asso¬ 
ciated amplifier and detector circuits employed with 
the loop antenna are often unsymmetrical with 
respect to earth and unless the loop is properly 
coupled to these circuits, the ideal figure-eight char¬ 
acteristic may also be distorted or completely 
destroyed. 

Figure 1.5-36 .shows how such an unbalance-to- 
ground may be brought about. In the circuit 
shown, the loop terminals are connected to the grid 
and cathode elements of a vacuum tube amplifier or 
detector. The dotted lines Cg represent capacitance 
between the loop and other apparatus to ground. 
Because of the electrically unsymmetrical relation 
of the loop to ground, an appreciable current will 
be set up in the loop circuit by the incoming wave 
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acting through the earth capacitances Cg. A poten¬ 
tial produced by this current across the loop tuning 
capacitor causes a signal to be delivered to the grid 
of the vacuum tube even when the loop is in a 
‘"null.” The ideal figure-eight loop characteristic is 
therefore distorted by these effects, the degree of 
distortion depending upon their relative magnitudes. 
A typical distorted loop characteristic which results 
is shown in Figure 15-37. As can be seen, the 



Fig. 15-37. Distorted loop characteristic due to 
‘‘antenna effect.” 

position of minimum signal intensity is no longer 
at right angles to the plane of the loop, nor does 
it coincide with the axis of the loop as in the ideal 
case. 

The solution of this problem depends upon obtain¬ 
ing exact electrical symmetry of the loop system, 
including the associated vacuum tube circuits, with 
respect to earth. One method of accomplishing this 
is to employ a push-pull vacuum tube arrangement. 
Another method, employing inductive coupling and. 
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Fig, 15-38. Method of coupling loop to eliminate 
unbalance-to-ground. 


in addition, small condensers to balance out the so- 
called antenna effect, is shown in Figure 15-38. 

15-4c. Determination of Sense —As has already 
been explained, the loop antenna, when properly 
balanced with respect to ground, will give a critical 
null response thereby indicating the line of direction 
of the source of radio transmission. Inasmuch as 
the signal null, rather than the signal maximum, is 
customarily used in obtaining bearings because it is 
more sharply defined and therefore more accurate, 
the actual direction of the transmission is at right 
angles (90° displaced) to the indicated point of 
zero signal. However, a 180° uncertainty exists 
as to the actual direction of the source of trans¬ 
mission as there are two points of signal null which 
are obtained as the loop is rotated 360°. When 
taking bearings on a station the general direction 
of which is known, this 180° ambiguity is not im¬ 
portant as the correct bearing is easily recognized. 
The occasion often arises, however, when the true 
direction of the transmitting station must be known 
as, for example, in locating and proceeding to the 
aid of a ship in distress when no information of 
the actual position of the ship exists. 

The true direction or ‘^sense” of a radio trans¬ 
mission is obtained by employing a small, non- 
directional, vertical receiving antenna in conjunc¬ 
tion with the loop antenna. In effect, this antenna 
when connected, lends to exaggerate the antenna 
effect, resulting in a cardioid receiving pattern. 

15-4d. The Cardioid Pattern—The loop-type 
direction finder produces two signal nulls because 
of the inherent figure-eight directional characteristic 
of the loop-type of signal collector. This charac¬ 
teristic may be expressed mathematically by 

= 0 ( 1 ) 

where is the output voltage of the loop which 
produces the voltage E„^ when its plane is parallel 
to the direction of arrival of the signal and $ is 
the angle between the plane of the loop and the line 
of propagation of the signal. Thus for 0 equal to 
90° or 270° cos (9 is zero and the loop output voltage 
goes through two nulls in signal. 

On the other hand the output voltage of a vertical 
signal collector is independent of the direction of 
arrival of the signal and mathematically may be 
expressed by 

EA = Ke ( 2 ) 

where is the antenna output voltage, e is the 
field strength intensity of the signal and K is a 
constant whose value is determined by the physical 
dimensions of the antenna. 

By combining the output voltages of a vertical 
antenna and a loop signal collector in one receiver 
the directional field pattern is unlike either signal 
collector. Adding equations (1) and (2) we obtain 

Ei^ = E^ cos $ Ke (3) 
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If the amplitude of the vertical antenna voltage is 
made equal to E„ and if proper phasing exists then 
equation (3) becomes 

= (1 cos tf) (4) 

and will be recognized as that corresponding to a 
cardioid pattern having a single maximum when 0 
is 270°. The advantage of being able to obtain a 
cardioid pattern lies in the fact that it provides a 
means of determining the direction of arrival of 
the signal and hence is a valuable adjunct to the 
loop direction finder since it provides a means for 
getting the '‘sense” or direction of an incoming 
signal. 

One of the several practical ways of obtaining a 
cardioid field pattern (Figure 15-39) with a “sense'' 
antenna is to apply the vertical antenna to the grid 
of an amplifier tube whose output circuit is coupled 
to the plate circuit of the loop voltage amplifier. 



I'lG. 15—39. Cardioid pattern produced when voltages from 
vertical and loop antennas are equal in amplitude. 

By providing a gain control on the sense antenna 
amplifier, means are available for adjusting the 
amplitude of the antenna voltage so as to equal 
that obtained from the loop signal collector. In 
actual operation the sense antenna is grounded by 
means of a switch and the loop is oriented to obtain 
the usual two nulls. The loop is then rotated 90° 
from one of the nulls and its plane therefore lies 
very nearly in a line parallel to the direction of 
arrival of the signal. Having made careful note 
of the signal intensity, the loop amplifier gain is 
reduced to a minimum, the sense antenna is con¬ 
nected to its amplifier and its gain adjusted to give 
the same receiver output signal as was previously 
obtained on the loop. The loop amplifier gain is 
then advanced to its previous position and if the 
receiver output signal decreases as the loop gain 
control is advanced the adjustments are proceeding 
satisfactorily and the gain control should be ad¬ 
vanced until the signal output reaches a minimum. 
Slight readjustments to the loop tuning may be re¬ 
quired to obtain a good signal minimum to take 
care of proper phasing of loop and sense antenna 
voltages. On the other hand if the output signal 


increases as the loop gain is advanced from its 
minimum position it is an indication that the wrong 
loop fignal maximum has been selected and the 
loop must therefore be displaced by 180° before 
further adjustments are made. The adjustment? 
corresponding to the single cardioid null are usu¬ 
ally carried out to indicate “sense” of the incoming 
signal because the single maximum of the cardioid 
pattern is broad and hence too insensitive for pre¬ 
cise determination. 

15-4c. Wave Front Distortion —When a direc¬ 
tion finder is installed on shipboard, there are cer¬ 
tain disturbing cfTects due to the ship's equipment, 
the most serious of which are due to currents in¬ 
duced in the direction finder by wires forming 
closed circuits, stays, whistle cords and the like 
which have a natural wave length considerably less 
than the working wave length. These currents are 
in phase opposition to the currents induced by the 
direct signal and therefore have the effect of de¬ 
creasing the api)arent sensitivity of the direction 
finder. Since the masts, funnels, stays, etc., lie in 
various directions from the direction finder, they 
also have the effect of shifting the apparent direc¬ 
tion of the arrival of the signal. 1'his latter effect 
is more prominent when the w^ave is approaching 
from approximately 45° from the ship's center line. 
In the fore-and-aft direction and directly abeam, 
the error is at a minimum. 

Currents induced in the direction finder by masts, 
grounded stays, and any metal objects which can 
act as a vertical antenna and which have a natural 
w'ave length considerably less than the working 
wave length, are 90° out of phase with the current 
due to the signal. Therefore, no value of signal 
current can be obtained to cancel these antenna 
currents as the vectorial addition always makes the 
resultant greater than either component. I'he effect 
apparent to the observer is the broadening of the 
minima wdien taking bearings. 

In order to compensate for the apparent shift in 
direction of signal and adjustment to obtain a sharp 
minimum signal at all angles, it becomes necessary 
to calibrate the direction finder. Calibration is done 
by taking simultaneous sight and radio bearings on 
a radio transmitter. After calibration, a deviation 
or correction curve is plotted and applied to an 
automatic compensator which makes the instrument 
direct reading and eliminates the necessity of apply¬ 
ing a correction to the bearings. 

15-4f. Proceeding with Calibration —Since the 
received wave is distorted or bent by the metal 
obj’ects on the vessel, it becomes necessary to place 
such objects in a permanent condition, i.c., either 
insulated or grounded. The latter method is most 
practical as it is easiest and least expensive. How¬ 
ever, this often cannot be done to the whistle cord, 
fore-and-aft stays, or other stays that form a closed 
loop around the direction finder loop. Therefore 
these are usually broken up into small lengths by 
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insulators so that each length has a fundamental 
wave length lower than that of the range of the 
direction finder receiver. 

A direction finder is usually equipped with two 
scale pointers. One is mounted under the compen¬ 
sating cover and is known as the upper scale. This 
indicates the actual position of the loop. The other 
is at the lower end of the extension shaft and indi¬ 
cates the true bearing after compensation is com¬ 
pleted. During calibration, only the upper scale is 
used and it is adjusted so the scale reads zero when 
the plane of the loop is 90° from the lubber line and 
the glass indicator reads on the lubber line. 

Radio and sight bearings are taken as near to 10° 
apart as possible and each bearing recorded and 
numbered as follows: 

Pelorus 

Bearing Number Upper Scale {Sight Bearing) Correction 

1 72 76J -f4i 

where 72 is the position of the direction finder loop, 
76% is the correct bearing as per pelorus, + 4% is 
the correction to be added to the direction finder 
bearing to give the true bearing. 

When the loop is rotated by means of the hand 
wheel, the characteristic signals from a beacon 
station will be heard with a varying degree of loud¬ 
ness until the plane of the coil is at right angles to 
the direction of the incoming waves at which point 
the signals should die out entirely. This position 
of silence is critical and sharp and therefore indi¬ 
cates with great accuracy the line of direction of 
the source. 

After the ship has been swung and the required 
number of bearings taken, they are recorded and a 
curve drawn. In practically all calibration curves 
there are four angles where no correction is neces¬ 
sary and the form of the curve resembles a sine 
wave. Theoretically, the curve is a sine wave for 
practically all cases with a given amplitude and 
phase angle for each installation. Considerable 
emphasis should be given this fact in drawing the 
curve from the data obtained, as it will help in 
judging if any of the measured points are in error. 

15-4g. Compensation for Error—The compen¬ 
sator employed with the RMCA direction finder 
consists of an arm mounted at the top of the lower 
scale pointer shaft which has a roller fitted in the 
end. This roller bears on a circular band that is 
held semirigid by 24 screws spaced 15° apart; by 
screwing or unscrewing as the occasion necessitates 
the shape of the cam is changed which causes the 
roller to move outward or inward at the appropriate 
points, thereby changing the position of the arm 
which in turn rotates the lower scale to read the 
true bearing. These twenty-four screws are num¬ 
bered from 1 to 24 inclusive and are mounted di¬ 
rectly under the upper scale. 

A record should be made of the numbers on the 
upper scale that arc immediately over the screws. 


Consult the calibration curve at the point corre¬ 
sponding to screw number 1 and note the correction. 

Screw Number Upper Scale Correction Lower Scale 

16+28 
2 21 

3 36 

4 51 

In the table above, screw number 1 is under 6 
on the upper scale and 6° shows a + 2° error; 
6 + 2 = 8, so when the loop is at an angle of 6° the 
pelorus indicates a + 2° error. It then becomes 
necessary to set the upper scale pointer on 6 and 

adjust the screw number 1 until the lower pointer 

reads 8 which is the pelorus or true bearing at this 
angle. After this is completed, move the upper 
scale to the figures over screw 2 and adjust this 
screw until the lower scale pointer reads correctly 
for this angle and so on until all 24 screws have 
been adjusted. It should be noted that a minus as 
well as a plus error must be compensated for, de¬ 
pending upon the angle of the loop for a particular 
reading. 

While the direction finder is being operated, the 
antenna employed for transmission and reception 
is placed in a neutral position, i.c., ungrounded. 

15-4h. Polarization Errors in Loop Direction 
Finding —The loop direction finder does not per¬ 
mit accurate direction finding except where the sig¬ 
nal is vertically polarized, which is a characteristic 
of the ground wave of standard broadcast trans¬ 
mitters. Accordingly, it is necessary to resort to 
other types of direction finders when taking bear¬ 
ings on sky waves since during the process of 
reflection from the ionosphere an electrical change 
in the signal occurs resulting in the production of 
two signal components, one of which is said to be 
horizontally polarized and the other vertically 
polarized. 

Let us examine what happens when an attempt is 
made to take a bearing with a loop direction finder 
on a signal having these characteristics; that is, 
when the polarization is both vertical and horizontal. 

Consider the plane of a loop set at right angles to 
the vertical plane in which the signal is propa¬ 
gated. If the signals were entirely vertically 
polarized, each side of the loop would be cut simul¬ 
taneously by the field of the wave; no difference in 
potential would be developed, and consequently no 
signal would be heard. This is the position of the 
loop when a null or bearing is obtained on a verti¬ 
cally polarized ground wave. Now if the polariza¬ 
tion of the wave rotates as the result of its travel 
through the ionosphere, the electrical field is no 
longer in the vertical plane of travel of the signal. 
As a result, and due to the horizontally polarized 
component of the signal, the top of the loop is cut 
by the field of the wave before the lower half and 
e.m.f.’s of equal amplitude but different in phase 
produce a resultant voltage at the terminals of the 
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loop. Thus a signal is heard in the position of 
the loop where a zero should be obtained and conse¬ 
quently the loop position must be shifted to obtain 
a minimum signal with the result that an error is 
introduced. When using the loop direction finder 
as a navigational device, extreme care must be taken 
to distinguish sky wave from ground wave since it 
is the ratio of intensity of the sky wave to the 
ground wave in the total received signal which 
determines the magnitude of the error. This effect 
is observed generally at night and at the close of the 
day during winter months on those frequencies em¬ 
ployed for marine direction finding and is referred 
to as “night effect.” 

The presence of sky wave is made evident by 
fading of the signal and in the shifting of the nulls. 

15-4i. The Adcock Direction Finder —Several 
systems were suggested by F. Adcock, an English 
engineer, having for their purpose the elimination 
of the polarization error in bearings. In 1919, a 
patent was granted Adcock for “An Improvement in 
Means of Determining the Direction of a Source of 
Electro-magnetic Radiation,” which consisted of an 
antenna system in which the effective reception was 
entirely carried out by means of spaced vertical 



Fig. 15-40. Type B Adcock direction finder employed 
the Radio Intelligence Division of the Federal Communi¬ 
cation Commission. 


signal collectors, the e.m.f.'s in the horizontal con¬ 
necting wires being either cancelled out by balanc¬ 
ing, or avoided by suitable screening, or by other 
means. The photograph in Figure 15-40 shows an 
Adcock Direction Finder of the elevated H type 
developed by the Radio Intelligence Division, Engi¬ 
neering Department of the F.C.C. The signal col¬ 
lecting portion of this equipment consists of a 
rotating beam, approximately 20 feet long, at each 
end of which there are vertical metallic elements. 
These elements are supported at their centers and 
interconnected by a horizontal transmission line 
from the midpoint of which signal energy is taken 
and delivered to the ♦*adio receiver. The beam is 
supported at its center on a small hut mounted on 
top of a 20 foot tower. A pointer attached to the 
rotating clement moves over a scale from which the 
radio bearings ar^ read. 

The signal collectors arc connected to the input 
of the * 'cciver through a transposed transmission 
line. Maximum signal voltage is developed at the 
terminals of the receiver when the beam supporting 
the vertical signal collectors is oriented in the plane 
of the advancing wave. As the beam is rotated, 
the signal intensity decreases, and wdien the col¬ 
lectors are at right angles to the arrival of the 
wave, an aural null wdll be obtained by the operator. 
For this condition, the sign«il voltage in each verti¬ 
cal signal collector is the same in amplitude and alike 
in phase. Due to the cross connection of the trans¬ 
mission line, the signal voltages cancel. The 
pointer over the scale is offset 90 degrees from the 
plane of the rotating beam and the bearing on the 
signal is read directly from the scale. 

Should the received signal contain a horizontally 
polarized component at the time the collectors are 
at right angles to the direction of the approaching 
wave the voltages induced in the horizontal trans¬ 
mission line are reduced to a small value by the 
transpositions in the line and in the careful electrical 
balancing of the output and consequently no dis¬ 
turbing voltages are introduced to produce a signal 
at the position where the null should be obtained. 

However, there are other factors which influence 
the accuracy of the bearings including site errors, 
asymmetry in the signal collectors and transmis¬ 
sion line, and lateral deviation of the signal from a 
great circle course. Because of these factors, abso¬ 
lute “pin point” fixes can seldom be obtained when 
endeavoring to locate a source of radio signals with 
Adcock direction finders. Figure 15-41 shows how 
bearings from several Adcock direction finders, 
when projected, provide a fix. It will be noted that 
the fix, which is in the form of a “cocked hat,” 
embraces a triangular area. In evaluating the accu¬ 
racy of the fix, bearings are weighed according to 
existing propagation conditions, the angle of inter¬ 
section with other bearings, and the distance from 
the direction finder to the area of the radio signal. 
For example, a bearing obtained from the Miami 
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station (Figure 15-41) having a quality of plus or 
minus three would be given less weight than one 
from Searsport having a quality of plus or minus 
one. A high quality bearing from Miami however 
would be helpful in reducing the area of the cocked 
hat since it comes from an angle providing a 
good cut. 

15^j. Cathode-ray High-frequency Direction 
Finder —Figure 15-42 shows the vertical antenna 
arrangement utilized in an Adcock direction finder 
developed by the International Telephone and Radio 
Laboratories and employed in the monitoring system 
of the Federal Communications Commission. This 
apparatus is equipped with an instantaneous auto¬ 
matic bearing indicator of the cathode ray type 


which enables the operator to quickly secure a bear¬ 
ing even though the duration of the transmission 
may be only a single letter. Moreover, the system 
has three additional advantages: 

(1) It permits the quality of the bearing to be 
obtained. 

(2) It permits determination of the sense or di¬ 
rection of the transmitting station. 

(3) It enables the operator to monitor the trans¬ 
missions while a bearing is being taken. 

The system comprises four antenna installations, 
each composed of five vertical antenna elements or 
monopoles. Each of the antenna installations is 
designed for a particular frequency band and feeds 
into a receiver and cathode-ray indicator. The 
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Fig. 15-42. The antenna arrangement employed in the 
\dcock direction finder. Four such antenna installations 
.ire employed to cover the frequency range from 1.5 to 
10 me. 

inonopoles arc matched to the radio-frequency trans¬ 
mission lines, carried underjj^round to the monitorinpf 
station, by means of coupling units which employ 
a cathode follower circuit in which the cathode and 
plate ciicuit resistors are so close in value that the 
output is matched to the balanced transmission line 
and equal voltages are applied to each half of the 
line in phase opposition. In other words, the cou¬ 
pling unit acts as a phase inverter from a single 
ended input (the monopole) to push-pull output 
(the r-f line) and its output impedance matches 
the impedance of the r-f line 

In Figure 15-42, it will be observed that there 
is a vertical antenna installed at the intersection of 
the planes comprising the direction finding antennas 
so that the four d-f antennas form a scjuare with 
the vertical antenna at the center. The energy 
from this center antenna is carried into the receivers 
through a coupling unit and r-f line much like the 
circuit associated with the d-f antennas. This cen¬ 
tral antenna permits determination of the direction 
of arrival of the radio signal and, provided propaga¬ 
tion conditions arc normal, the direction of the 
transmitting station. 

The system is capable of taking bearings on 
tiansmitters operating between 1.5 and 30 me pro¬ 
vided the received signal is of sufficient intensity to 
produce a satisfactory pattern on the fluorescent 
screen of the cathode-ray bearing indicator. 

When a bearing is obtained on a desired station, 
a pattern similar to that shown in Figure 15-43 can 
be read directly from the optical scale associated 
with the cathode-ray oscilloscope. Figure 15-44 
shows the type of pattern produced when the sense 
antenna is cut into the receiving equipment. The 
equipment is installed and adjusted so that 0° or 


360® point corresponds to a bearing of true north, 
hence the sense bearing shown in Figure 15-44 is 
55® and not 235®, which is the reciprocal bearing. 

The existing propagation conditions in general 
determine the type of pattern produced. The most 
preferable pattern is that comprised of double ar¬ 
rows, as shown in Figure 15-43, with the points 
resting on the scale and its central point in the 
exact center of the scale. If the pattern is good, 
sharp, and steady, the bearings will be accurate. 
If the pattern is moving, or shows the presence of 
interference or other irregularities, the bearing can¬ 
not be given the same accuracy classification. Un¬ 
der certain conditions of propagation and type of 
transmission, it will be observed that the bearing 
lotates through a 360® arc. Obviously, no bearing 
can be obtained under such conditions. 

15-4k. Determination of Ship’s Position by 
Radio Bearings —The most general use of the 
radio direction finder is to ascertain the true bear¬ 
ing, or line of direction of a radio beacon or radio 
.station of known latitude and longitude. At the 
time the bearing is taken the ship will be some¬ 
where on the line of direction, and if the position 
of the vessel as determined by dead reckoning or 
observations is correct, or nearly so, it should fall 
on, or close to the line. 

The single bearing, or line of direction, can be 
utilized as a danger bearing, or more properly, a 
safety bearing; for example, if two ships arc ap¬ 
proaching each other during thick weather, or if 
one ship is overtaking another, a radio bearing can 
be taken and the angle from the ship’s head noted. 
If other bearings are then taken at intervals of ten 
or fifteen minutes (depending on speed and esti¬ 
mated distance) the angle from the ship’s head will 



Fig. 15-43. Pattern of a bearing of good quality 
indicated on the screen of cathode-ray tube. 
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either be increasing or decreasing. If the angle is 
found to be decreasing it should be taken as a danger 
signal and the ship’s course altered one or two de¬ 
grees, or until the angle is found to be increasing, 
and the ships will pass with safety. The distance 
between the vessels can be roughly estimated with 
experience in noting how quickly the angle between 
the vessels changes. If the distance is, say, fifty 
miles or more, the angle will not show much change 
for some time, whereas if it changes quickly it can 
be assumed that the other vessel is quite close. 



Fig. 15-44. The cathode-ray pattern by which the sense, 
or direction, of arri\al of the radio wave is determined. 
The pattern in Figure 15-43 is in the form of a twin-leaf 
with both the true and reciprocal bearing. To distinguish 
the true bearing from the reciprocal, the fifth or center 
vertical antenna is connected through the goniometer. The 
appearance of the pattern is then changed as shown above. 
In this case the true bearing is 55 degrees. 

The radio operator can be of considerable assist¬ 
ance in cases of this .nature, as he can advise of any 
ships in the vicinity, and by listening on the head 
phones of the direction finder can identify the ships 
on which bearings are desired. He can also judge 
approximately by the strength of the signals whether 
or not the other ship is within a short distance. 

The line of direction can be used to good advan¬ 
tage when running for a lightship equipped with a 
radio beacon, provided the precautions outlined 
previously are observed, namely the angle between 
the course and the radio beacon should increase for 
a vessel passing clear. 

15-41. Cross Bearings —If a single bearing 
taken to check the ship’s position does not give satis¬ 
factory results, due to the angle of bearing, or pos¬ 
sible error in noting reading of the direction finder, 
or figuring dead reckoning or observations, a re¬ 
liable fix can be obtained by taking bearings on two 
or three radio beacons. If unable to pick up more 
than one radiobeacon, a radio telegraph station can 
be used, provided such station is on or close to the 
shore; it is not obstructed by intervening land; and 


its position accurately known. The ship’s radio 
operator will again be of assistance in such instances 
to identify the station being used. 

When the morning time sight is taken and a single 
line of position laid down, another line to cross it 
can be obtained by taking a radio bearing. The 
radio bearing should be taken simultaneously with 
the time sight. If there is any appreciable differ¬ 
ence of time between them, due allowance should be 
made for the speed and course of the vessel, and the 
distance run. This will obviate the necessity of 
waiting until the sun changes its bearing sufficiently 
to obtain another position line which will cross the 
first at a good angle. This method can, of course, 
be used at any time of day or night when it is pos¬ 
sible to obtain the altitude of a celestial body. 
Other similar uses of the radio direction finder can 
be devised, for instance, in approaching a harbor 
where it is possible to obtain a bearing of a distant 
mountain peak, or lighthouse, another bearing to 
cross the first can be obtained by radio. 

15-4m. Precautions to be Observed—When¬ 
ever a radio bearing is about to be taken, the wheels¬ 
man should be told to stand-by and call out when 
the ship is on course, for if the ship has yawed off 
two or three degrees the bearing will be in error 
by a simihir amount. On ships cijuipped with direc¬ 
tion finders having a gyro repeater, the observer can 
himself determine when the ship is on the course. 

If any doubt exists in the mind of the observer 
as to the accuracy of the observed bearing, or if 
the ship is yawing badly due to heavy weather, 
several readings should be taken and the mean read¬ 
ing used as the correct one. 

i5-4n. True and Relative Bearings—On ves¬ 
sels fitted with radio direction finders equipped with 
a movable dumb compass card, bearings can be taken 
either from the meridian or relative to the ship’s 
head. On bearings taken to determine the ship’s 
position, it is suggested that they be taken from the 
meridian, and if the dumb compass is adjusted to 
the true course (not magnetic) of the vessel, the 
observed radio bearing is the true bearing. On 
bearings taken on lightships or other vessels to de¬ 
termine their position relative to the ship’s head, the 
direction finder dumb compass should have its 0-360 
mark set on the lubber line. Bearings taken in this 
manner will give the bearing or angle in degrees 
from the ship’s head. If the angle from the ship’s 
head on the port side of the vessel is desired, the 
observed reading is subtracted from 360 to give the 
desired result. 

It is again suggested that occasional check bear¬ 
ings be taken when passing radio beacons under 
conditions of good visibility. Radio bearings should 
check with pelorus or azimuth compass bearings. 
Distance from the beacon should be at least two 
miles. Visual bearings in doubt due to rolling of 
vessel should be rejected. Such check bearings will 
serve to assure the master of the accuracy of the 
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instrument. Whenever any large metal objects are 
added to or removed from the ship’s deck structure 
the direction finder calibration should be checked, 
particularly through the arc in which the object is 
located, and if any unreasonable errors are detected 
steps can be taken to have these corrected. 

15-5. Mackay Radio Direction Finders Types 
106B and 106BD —Radio direction finders types 
106B and 106BD are suitable for marine or land 
station use and are designed for accuracy, sensi¬ 
tivity, selectivity, together with simplicity of opera¬ 
tion, installation and servicing. They are con¬ 
structed in a rugged, substantial manner with the 
use of non-magnctic materials wherever possible. 
The frequency range of the direction finder is 255 
to 550 kc. 

The direction finder proper is a compact single 
unit designed for suspension from the ceiling or 
pilot house roof. There is a separately mounted 
battery box housing a storage battery for “A” 
supply and either “B” batteries or a dynamotor for 
plate supply. The two direction finders arc identi¬ 
cal, except that the type 106B utilizes “B” batteries 
while the tyjie lOfiBD utilizes a dynamotor. 

A shielded loop 27 inches outside diameter is 
mounted on a large pedestal, the lower end of which 
passes through the deck to support the indicator 
and receiver cabinet assembly. The height of the 
pedestal is such that the lowest part of the loop 
winding is 6 inches above the hand rails to be found 
on most vessels. The looj) winding is completely 
enclosed in a water-tight housing made up of 3 inch 
outside diameter copper tubing bent to form a circle 
of 27 inches outside diameter. A bakelite insulated 
joint is used at the top and a bronze casting with 
ball and sleeve bearings at the bottom. All fittings 
are securely brazed to the tubing to provide strength 
and rigidity, 'i'he complete as.sembly is designed 
to withstand without damage the strongest gales 
encountered on shipboard. 

The loop winding consists of 18 turns of No. 14 
stranded, rubber covered wire supported on a system 
of bakelite spreaders to obtain minimum distributed 
capacity and a symmetrical winding. The lead 
wires are brought down the drive shaft on circular 
insulators and are amply spaced for low capaci¬ 
tance. The center tap is also brought down to the 
receiver so that it may be disconnected from ground 
for a leakage check. The complete shielding of the 
winding and leads eliminates any antenna effect of 
the loop and greatly reduces induction noises from 
electrical machinery in the vicinity of the installation. 

The loop is rotated by means of the direct drive 
handwheel mounted below the receiver cabinet, the 
loop drive shaft passing through the receiver cabinet 
and indicator housing to connect with the loop 
above. A friction brake is provided on the indi¬ 
cator for locking the loop in place when desired. 

The indicator is of the mechanically compensated 
fully automatic type in which the pointer, showing 


the loop bearing, leads or lags behind the actual loop 
position to compensate for radio errors determined 
during calibration at the time of installation. It 
makes use of a stationary cam and a movable roller 
with associated linkage to actuate the pointer. A 
maximum correction of plus and minus 22® can be 
obtained on the cam. The indicator face carries a 
large full vision dial showing the figure* of a ship 



Fig. 15-45. Mackay radio direction finder type lOfi-B. 

at its center, to aid the navigator in visualizing the 
bearings obtained with the equipment. A movable 
outer scale divided into 360® is provided for obtain¬ 
ing true bearings. The indicator is designed so a 
Sperry repeater motor may be installed to operate 
the movable outer scale, and thus maintain the true 
course reading on that scale at all times. “Off bow” 
bearings may be taken from the inner stationary 
scale. The long end of the pointer indicates the 
bearings on the outer scale while the short end of 
the pointer is used in conjunction with the sense 
button on the receiver to remove the 180® ambiguity 
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from the direction pointer readings. A glass cover 
protects the dial and pointer from damage. 

The rear of the indicator housing encloses the 
loop collector ring and brush assembly and the 
spring meshed bevel gears for driving the compen¬ 
sator assembly. The collector rings and brushes 
are of monel metal to prevent corrosion or noisy 
operation. A bakelite terminal board is provided 
for securing the antenna and loop leads which con¬ 
nect to the receiver below. Oil and grease cups 
have been provided on the loop and indicator bear¬ 
ings, the design being arranged to confine the lubri¬ 
cant to the desired surfaces. 

Two small holes on the sides of the indicator 
serve to drain off any moisture condensate from 
within the loop pedestal and condensation within the 
loop will run down inside of the loop shaft and 
drain off below the loop handwheel. 

The receiver type 2B is a single control tuned 
radio frequency type employing eight 6.3-volt heater 
type tubes. The tuning range is from 255 kc to 
550 kc. The dial numbers increase with frequency 
and the points 290 kc, 300 kc, 310 kc, 375 kc, and 
500 kc are calibrated and engraved on the scale. 

The other controls on the panel are the intensity 
control, antenna balance control, sense button, 
ICW-CW switch, Off-On switch and phone jack. 
The loop capacitance and adjusting condenser is 
located under the receiver chassis as it is set only 
at installation and then locked in place. The sense 
effect rheostat is likewise located on the under side 
of the chassis. 

The schematic diagram of the direction finder is 
shown in Figure 15-46. The first r-f stage of the 
receiver consists of two 6SK7 pentode tubes con¬ 
nected in push-pull and fed directly from the tuned 
balanced loop. The succeeding two stages are 
tuned with twice the inductance and half the ca¬ 
pacitance of the lodp circuit and each employs a 
6SK7 tube. The 6J5 triode detector is fed from 
an untuned transformer peaked at 255 kc, thereby 
compensating for the falling gain characteristic of 
the tuned stages. 

The audio amplifier consists of one resistance 
coupled and one transformer coupled stage employ¬ 
ing type 6J5 tubes, with an output transformer to 
match a pair of 20,000 ohm phones. 

The beat frequency oscillator is a 6J5 triode tube 
feeding the detector circuit only through stray cou¬ 
pling. The tuning condenser of the oscillator is 
one gang of a three gang condenser, the other two 
gangs comprising the r-f amplifier tuning conden¬ 
sers. All three gangs carry trimmers for adjusting 
the minimum circuit capacitance. The beat note 
frequency is not affected by signal strength. 

The loop tuning condenser is connected to the 
above condenser by means of an insulated flexible 
coupling. 

Careful shielding of individual units in the re¬ 


ceiver, in addition to the complete shielding of the 
receiver cabinet, makes the installation free from 
stray signal pickup and removes any couplings 
which may affect the accuracy of the bearings. 
The vacuum tube circuits are properly by-passed to 
prevent interaction between the amplifier stages, 
and the battery leads are by-passed at the receiver 
cabinet terminal board to prevent any pickup by the 
battery cable. 

The intensity control potentiometer controls the 
cathode voltage of the r-f amplifier tubes, making 
it possible to take bearings on very strong signals 
without overloading the receiver. The operation 
of this control has no effect on the receiver selec¬ 
tivity, frequency of the beat note, or the adjustment 
of the balanced condenser. The width of the mini¬ 
mum may be set by this control to give a sharp null 
point, free from residual signal. The null point is 
not shifted by changes in the tuning control or bal¬ 
ance condenser. 

Provision is made for an interlocking control cir¬ 
cuit and signal system between the direction finder 
and the ship’s radio room. A red signal light in 
the radio room lights up when the direction finder 
is turned on, and remains lit all the time that the 
direction finder is in use. Furthermore, the main 
antenna switch in the radio room is connected in 
series with the main transmitting antenna, and con¬ 
tains auxiliary contacts which close only when the 
switch is thrown to open the antenna. If the direc¬ 
tion finder is turned on and the auxiliary contacts 
on the main antenna switch are closed, a relay in 
the direction finder receiver operates, removing a 
ground from the sense antenna and connecting the 
heater circuit of the receiver to the A battery. A 
green signal light on the receiver panel lights up, 
showing that the direction finder may be used to 
take bearings. At the same time that the relay in 
the receiver operates, a second relay in the battery 
box closes and turns on the B batteries or the plate 
supply dynamotor. 

The B battery current drain of the receiver is 4 
to 18 ma at 90 volts, the higher value being for the 
maximum setting of the volume control. The A 
battery current drain of the complete installation is 
3.8 amp at 6.3 volts for type 106B, and approxi¬ 
mately 6.2 amp for type 106BD. 

The batteries for operation of the type 106B 
radio direction finder are contained in battery box 
type 4B, supplied with the equipment, and consist 
of a 6-volt 50 ampere-hour storage A battery and 
two 45-volt B batteries. Type 106BD utilizes a 
d 3 mantotor for B supply instead of B batteries and 
the A battery is 6 volts 80 ampere-hour capacity. 
The dynamotor plate supply assembly, including rip¬ 
ple filters and a relay is mounted in battery box type 
5A together with the storage A battery. The bat¬ 
tery box terminal board is connected to the receiver, 
radio room and ground. A fuse lamp or Ke-amp 



Fig 1^46 Circuit diagram Macka\ radio direction finder 106B and 106BD 
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fuse is connected in series with the plate supply 
to prevent damage to the receiver, batteries or dy- 
namotor in case of a short circuit. By-pass con¬ 
densers are connected across the signal light line 
and the trickle charge line to prevent any interfer¬ 
ence getting into the receiver from these sources. 

Battery charger 128A is used with type 106B, and 
battery charger 129A with type 106BD radio direc¬ 
tion finder. These units house the resistors for 
trickle charge and emergency full charge, the charg¬ 
ing current being derived from the 115-volt d-c line. 

The OFF-ON switch on the receiver panel, when in 
the OFF position, places the storage battery on 
trickle charge (0.25 amp for type 106B, and 0.5 
amp for type 106BD). A switch is provided on 
the battery box, which is normally set on the ke- 
CEiVE position. However, if the charge in the stor¬ 
age battery becomes low, this switch is to be thrown 
to the EMERG. CHARGE position, which places the 
battery on a 3.5-amp charge. 

The 6A indicator used in these direction finders 
has been designed to make use of a Sperry no. 
80995 repeater motor to drive the bearing scale. 
Two Sperry No. 96666, 70-volt 8-watt lamps are 
used for illumination of the indicator. A Sperry 
No. 65914 gyro compass filter should be installed 
in the master repeater transmitter to eliminate in¬ 
duction noise from the transmitter contacts. 

If the direction finder is installed without the 
Sperry equipment the 6.3-volt lamps originally sup¬ 
plied are used for illumination and the bearing scale 
is set by hand to the desired reading by means of 
its setting knob. 

15-5a. Features 

1. Loop: 24-inch mean diameter, .shielded and bal¬ 
anced. Winding of 18 turns. Inductance 323 
microhenries at 1000 cycles; 313 microhenries at 
radio frequencies. Distributed capacity = 100 

at radio frequencies. Q = 160 at 500 kc. Q = 200 
at 255 kc all for complete loop measured at receiver 
terminal board. 

2. Indicator: Automatic type with vertical full 
vision dial. Maximum correction plus and minus 
22® by means of cam cut at installation. Low-loss 
collector ring and brush assembly designed for free¬ 
dom from noise and corrosion are located in indi¬ 
cator housing where they are protected from mois¬ 
ture, condensation, and dirt. A Sperry repeater 
motor may be installed. 

3. Condensation: Provision made to prevent ac¬ 
cumulation of moisture due to condensation or leak¬ 
age by adequate sy.stem of drainage. Loop housing 
and bearings carefully weather-proofed to prevent 
entrance of moisture into direction finder structure. 

4. Circuit: 8 tube TRF with push-pull input and 
6.3-volt heater type tubes. Completely shielded. 

5. Frequency range: 255 to 550 kc. 

6. Sensitivity: Average better than 0.25 micro¬ 
volts for 6 milliwatt output measured through loop 


at above frequencies. An output of 6 milliwatts is 
obtainable when the loop is rotated to maximum 
signal in a field of less than 10 microvolts per meter 
at all frequencies in the range. 

7. Selectivity: Bandwidth measured at ratios of 
input voltage off resonance to input voltage at 
resonance. 

Ratio Bandwidth in % Resonant Frequency 

10 Less than 2.5% 

100 Less than 6% 

1000 Less than 12% 

8. Fidelity: Flat within 5 db from 250 to 2000 

cycles; down at least 15 db at 100 cycles and at 
5000 cycles. 

9. Output impedance: 20,000 ohms at 1000 cycles. 

10. Signaling System: Connections may be in¬ 
stalled so that turning on receiver lights a signal 
lamp in the radio room. Relay in receiver is oper¬ 
ated by antenna switch in radio room, making use 
of receiver impossible unless transmitting antenna 
is opened. 

IWb. Maintenance —Routine inspection of the 
apparatus should be made about once a week. All 
battery voltages should be checked with the receiver 
in operaiton, and if necessary the storage battery 
placed on emerg. charge. Add water as required. 
The B batteries should be replaced if either one 
measures less than 38 volts under load. 

The lubrication of the equipment should be in¬ 
spected every six months and replenished if neces¬ 
sary. The oil cup on the upper loop bearing should 
be filled with medium machine oil. The wick oiler 
on the pointer shaft inside the indicator housing 
should be filled with medium machine oil and the 
two grease cups on the indicator sleeve should be 
screwed in one half turn. When the grease cups 
are empty, the caps should be removed and filled 
with medium cup grease. Care should be taken to 
prevent an excess of lubricant from running out of 
the bearings. 

If the loop collector rings become dirty, they may 
be polished with very fine sandpaper or crocus cloth, 
after wiping clean with alcohol. Do not use emery 
paper. 

The equipment should also be inspected mechani¬ 
cally to make certain that no screws or other fasten¬ 
ings have been loosened by vibration or damage. 

In case it is suspected that the receiver tuned 
circuits are out of alignment, the following proce¬ 
dure should be followed. The two condenser gangs 
should be lined up .so that the rotor plates of each 
are exactly flush with the stator plates at the posi¬ 
tion of maximum capacitance. This adjustment is 
made fixed by the set screws in the insulated cou¬ 
pling between the two gangs. The drum dial 
should then be set so that the scale reads “0’^ with 
the condenser gangs at the maximum position. 
This adjustment is made fixed by the square head 
set screws in the hub of the drum dial. Adjust the 
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trimmers on top of the gang for maximum output 
on a 500-kc signal with the dial set at 72.5. The 
loop adjusting condenser located underneath the 
chassis should also be adjusted at this frequency 
and then checked at 300 kc. If the position of this 
unit varies it should be set closer to the 500-kc than 
the 300-kc point. The beat oscillator trimmer 
(farthest from the drum dial) should be set to give 
a beat note on all tuning frequencies throughout the 
scale. 

The mechanical calibration of the direction finder 
may be checked by comparing the readings of the 
direction pointer and the checking scale on the 
handwheel to see if the difference agrees with the 
original calibration data. If any change has been 
made in the rigging or structure of the vessel it 
may be necessary to recalibrate the direction finder, 
or at least check the radio calibration by simultane¬ 
ous radio and sight bearings taken on a radio beacon 
or ship station at several points around the indicator 
dial. 

In cases of erratic bearings look for intermittent 
grounds or open circuits in the rigging or antennas 
on the vessel. 

Broad bearings may be observed if the main 
transmitting antenna is grounded. 

If the construction of the vessel is such that a 
vertical antenna can be erected, a length of 16 to 
30 feet will be required. Where the antenna must 
be inclined forward or aft and at a slope not much 
above the horizontal, the length will have to be 
greater, such as 25 to 60 feet. Another useful 
configuration is to run the antenna vertical about 
10 to 15 feet and the horizontal or sloping part 
about the same distance. 

It is well, where possible, to avoid running the 
sense antenna too close to the loop. A horizontal 
run, on insulators, about 8 or 10 feet before .starting 
the vertical portion will accomplish this. 

Avoid shielding the sense antenna lead-in any 
more than necessary, as this reduces its effective¬ 
ness. Run the unshielded wire on small insulators, 
keeping it away from power wires or other sources 
of induction noise. If the lead-in is run down in¬ 
side the pedestal tubing, that portion must be 
shielded. However, it is frequently preferable to 
run the unshielded lead-in down the outside of the 
pedestal tubing and to enter the cabinet near tlie 
terminal provided for the lead-in. This entrance 
should be made water-tight, especially if it is on 
the top of the cabinet. 

After completing the installation, a test of the 
direction finder will demonstrate whether it is de¬ 
sirable to lengthen or shorten the sense antenna. 
If it is too short, there will not be sufficient range 
on the BALANCE control to obtain a good quiet null, 
and the sense effect will be inconclusive. If the 
sense antenna is too long, the balance control will 
be very sharp and critical to adjust. It has been 


the experience of those who have made many direc¬ 
tion finder installations that each vessel is different 
and that a sense antenna which is very good on one 
vessel will be found to be too long or too short for 
another. 

Noises in the receiver itself may be caused by 
loose battery connections, broken wires or poor con¬ 
tact of a tube in its socket. Open filter condensers 
in the dynamotor supply will result in receiver 
noise. 

Noise observed when the loop is rotated rapidly 
may be caused by dirty collector rings and should 
be corrected by cleaning the rings as directed above. 

Induction noises from electrical machinery on 
the vessel should be traced to the machine causing 
the trouble and filter condensers connected across 
motor commutators or other spark producing 
elements. 

15-5c. Calibration —While proceeding directly 
toward the radio beacon with the loop adjusted for 
minimum signal and the direction pointer at zero, 
correctness of the sense indication may be checked 
by pushing the sense button and noting that the 
maximum signal occurs with the sense pointer at or 
near zero. If the sense pointer is toward 180° for 
maximum signal the loop leads will have to be re¬ 
versed. Adjust the sense potentiometer for maxi¬ 
mum sense effect. One loop lead is painted yellow 
at its end (or carries a cable marker in order to 
identify it in case it is necessary at any time to 
remove the leads. A pencil mark should be placed 
on the shield adjacent to the terminal to which the 
marked lead is attached. 

The direction pointer may be adjusted for radio 
zero by means of the two set screws in the ver¬ 
tical bevel gear inside the compensator. After 
tightening these screws the apparatus is ready for 
calibration which is done in the usual manner by 
making a circle in front of the beacon while observ¬ 
ing the radio minima and the pelorus readings simul¬ 
taneously. The points so obtained are plotted on 
the standard curve sheet and then transferred to the 
etched cam furnished for this purpose. The cam is 
then cut out carefully and filed smooth after which 
it replaces the zero cam in the front of the 
compensator. 

After cutting and replacing the cam, check the 
readings of the checking scale against the corrected 
radio bearings on the indicator scale. Tabulate the 
two sets of readings and compute the error of each 
reading. Remove the cam and file it out where 
necessary to compensate for these errors. This is 
particularly important where the cam has steep 
sides resulting from the compensation of large 
radio bearing errors. 

15-5d. Sense Antenna —No fixed rule can be 
formulated for the erection of a successful .sense 
antenna. However, several suggestions can be 
given as a guide in installing the antenna. 
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15-5e. Operation Instructions. (Refer to Figure 
15-47.) 

(a) Ship’s antenna. The ship's radio antenna 
must be open while the radio direction finder is in 
use, that is, entirely disconnected from transmitter, 
receiver, and ground. A positive check on this 
condition is provided by means of a special antenna 
switch and signal lights. The green light (U) on 




Fig. 15-47. Components and controls of Mackay radio 
direction finder type 106B. 


the radio direction finder receiver indicates that the 
ship's antenna is open, the red signal light unit 
(CC) indicates that the radio direction finder is 
in use. 

(b) Receiver. The receiver is housed in a cabi¬ 
net and should be kept closed at all times. Four 
type 6SK7 or 6SK7~GT and four type 6JS or 
6JS-GT tubes are used. One or more spare tubes 
of each type should be carried. The headphones 
are provided with a plug which is inserted in jack 
(Y) on the receiver front panel. 

(c) Batteries. The 6-volt storage battery (K) 
must be kept fully charged and filled to the proper 
level with distilled water. When the off-on 
switch (H) on the panel of the receiver is turned 
to the OFF position the battery is automatically 
placed on trickle charge. Under normal use such 
charge will be sufficient. However, if at any time 
the charge in the battery is found to be low, the 
switch (M) on the battery box should be turned to 
the EMERG. char(;e position. When the battery is 
fully charged, turn switch (M) to receive, in which 
position it should always be left, except as directed 
above. 

Radio direction finder type 106B utilizes two 45- 
volt B batteries (DD) which should be renewed 
approximately every 6 months, or sooner if the volt¬ 
age of either battery drops below 38 volts with the 
receiver in operation. 

Radio direction finder type 106BD utilizes a dy- 
namotor for B supply, which should require infre¬ 
quent attention. 

{d) Indicator. The indicator is automatically 
compensated to give true radio bearings. It is pro¬ 
vided with a brake (0) so that the loop may be 
locked in position when desired. 

Two scales and a pointer are provided in the indi¬ 
cator. The pointer (F) is permanently fixed to 
the handwheel and indicates the bearing of the sig¬ 
naling station from the ship's bow, or zero on the 
inner scale (D). 

The outer scale (R) may be set at any position 
desired with respect to the inner scale by means of 
the setting knob (Q), after operating setting switch 

(E). 

The bearing of the signaling station from true 
north may be read directly from the outer scale if 
the ship's true course is set on the outer scale with 
respect to zero on the inner scale. 

(c) Checking calibration and adjustment. The 
accuracy and calibration of the radio direction 
finder may be checked from time to time in clear 
weather by means of simultaneous sight and radio 
bearings on shore stations or other vessels. 

To Take Bearings When the General Direc- 
tion Is Known: 

(a) Open ship's antenna and do not attempt to 
take bearings until the illumination of the 
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receiver signal light (U) shows that the 
antenna is open. 

(b) Ascertain that the switch (M) on the bat¬ 
tery box is turned to the receive position. 

(c) Plug headphones into telephone jack (Y) 
and adjust to ears. 

(d) Turn switch (H) to on position. 

(e) Turn switch (W) to icw if a spark or in¬ 
terrupted cw beacon or station is to be re¬ 
ceived, or to cw for continuous wave bea¬ 
cons or stations. 

(f) Adjust the station selector control (V) back 
and forth to a position where the desired sig¬ 
nal is hear with inaxinium intensity. The 
signal strength is then controlled by adjust¬ 
ing the intensity control (X). 

(g) Now rotate the handwheel so that the long 
end of the direction pointer (F) points in 
the general direction of the signalling sta¬ 
tion and move the handwheel back and forth 
to a position of minimum intensity, at the 
same time adjusting the balancing control 
(I) to a position of minimum signal inten¬ 
sity and read the hearing. 

(h) In cases of long distance bearings if the sec¬ 
tor of minimum signal is broad, the bearing 
can be determined quite accurately by split¬ 
ting the silent sector. 

2. To Take Unidirectional Bearings IVhcn the 
General Location Is Not Knouni: 

(a) Before taking a unidirectional bearing, it is 
necessary to obtain a minimum signal as 
noted under paragraph (g) above. At this 
time no attention need be paid to the pointer. 

(b) Then depress and hold down sense button 
(G) and rotate the handwheel through 360®. 
Maximum signal strength will be obtained 
only when the short end of the direction 
pointer fF) points in the general direction 
of the signaling station. 

(c) After determining the general direction of 
the signaling station, the bearings can then 
be established by following the instructions 
of paragraph (f) to (h) above. 

15-6. RMCA Model AR-8703-BX Radio Di¬ 
rection Finder —The RMCA model AR-8703-BX 
radio direction finder employs a highly developed 
eight-tube superheterodyne receiver, the circuit 
schematic of which is shown in Figure 15-49. 

The main receiver tuning control, which is con¬ 
nected to the four-ganged condenser, is calibrated 
in kilocycles. The specified tuning range is 270 to 
520 kc, with a small overlap at each end. Attention 
is directed to the red sector on the tuning dial for 
285 to 315 kc beacon band. Note that the tuning 
dial provides markings every 2 kc from 270 to 320 
kc and every 10 kc from 320 to 520 kc. 



^ m tkM ^ 



Fig. 15-48. RMCA model AR-870.3-BX radio 
direction tinder. 

The balance is the standard Radiomarine mag¬ 
netic balance with sense position, and is controlled 
from the receiver panel. 

The master switch, controlled from the receiver 
panel, is a six-pole double-throw unit. Two poles 
are not used. In the off position, the switch short- 
circuits the loop, grounds the sense antenna, dis¬ 
connects plus 90 volts and de-energizes the relay 
which stops the dynamotor and places the A bat¬ 
tery on charge through the charging lamps. When 
the master switch is placed in the on position, it 
removes the short from the loop and the ground 
from the sense antenna, closes the 90-volt plus B 
circuit and energizes the radio room red light. 
When the radio operator closes his interlock switch, 
this energizes the binnacle relay, applying six volts 
to the receiver and the panel lights and starts the 
dynamotor. 

The CW switch on the receiver panel controls the 
plate circuit of the 6SJ7 oscillator tube, so that in¬ 
coming signals may be heterodyned. The output of 
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the oscillator tube is loosely coupled to the grid of 
the second detector tube. The CW oscillator is 
adjusted to operate at 174 kc so as to provide a 
lOOO-cycle beat note with the 175-kc intermediate 
frequency. The adjustment for the CW Oscillator 
is a small knurled nut on the transformer can 
marked “A.” If it is found necessary to adjust this 
unit, a modulated signal should first be accurately 
tuned in with the CW switch in the off position, 
and then leaving the main tuning dial unchanged, 
adjust the oscillator can *‘A” for a suitable beat 
note. Due to the high selectivity of the receiver, 
this adjustment must be made with care, and it is 
important to insure that the incoming signal is accu¬ 
rately tuned. 

Each receiver is carefully aligned and adjusted 
in the laboratory with precision instruments and 
field personnel arc cautioned not to disturb any ad¬ 
justments unless a definite procedure is followed, 
together with a full understanding of the circuits 
involved. Under normal circumstances, the only 
receiver adjustments which should be made by field 
personnel are lineup of the loop circuit by means of 
the loop trimmer capacitor (No. 1) and adjustment 
of the sense trimmer circuit (No. 2). The main 
loop tuning condenser, which is ganged with the 
other three-section condenser, should not be dis¬ 
turbed as all four variable condensers should be fully 
meshed when the main tuning scale is set at its last 
major division (260 kc). 

15-6a. Grounding—A ground stud at the rear 
of the binnacle near the stuffing glands is provided, 
and it is very important to run a good low-resistance 
ground connection between this stud and the ship 
ground. Do not depend on the binnacle ground ob¬ 
tained through the binnacle base mounting studs. 
Failure to observe this precaution may result in 
noise in the receiver from the incoming power cir¬ 
cuits. Attention is directed to the filter .system built 
into the binnacle. The 110-volt charging circuit 
passes through a pair of radio frequency chokes, 
and on the “load” side of these chokes 0.1-/Af filter 
condensers arc connected to suppress induction. 
Additional 0.1-/if filter condensers are mounted in 
the binnacle to provide radio-frequency by-passing 
for the 7 additional incoming leads. These addi¬ 
tional condensers may either be connected or dis¬ 
connected as determined by trial if induction is 
present. 

15-6b. Sense Circuit Adjustment—The sense 
circuit should be adjusted in the following manner. 
Take a bearing on a signal of known frequency on 
500 kc, or as near to this frequency as possible. 
Place a temporary short circuit around the 100-ohm 
resistor on the balancer unit. Hold balancer in 
“sense” position, and adjust the sense trimmer 
marked No. 2 on the chassis for maximum signal. 
Adjust the volume control at the same time so that 
resonance, as indicated by adjusting the trimmer 


condenser, is clearly defined. Then lock this con¬ 
denser and remove the short from the 100-ohm re¬ 
sistor. Next, rotate the loop toward lower readings 
from the bearing point and check that the signal in¬ 
creases more than it does when the loop is rotated 
the same number of degrees toward higher readings 
on the scale. If this effect is not obtained, reverse 
the loop leads to terminals 11 and 12 on the receiver 
chassis and check again for correct sense indication. 
Sense action should then be checked on a signal 
around 300 kc to insure that a proper indication 
of sense is obtained. Do not adjust sense trimmer 
condenser on signals in the beacon band, as reso¬ 
nance will not he f)htaincd. 

15-6c. Alignment—The loop trimmer con¬ 
denser marked No. 1 on the chassis should always 
be adjusted for maximum signal when the receiver 
is accurately tuned to a beacon frequency. First, 
tune the signal with the main tuning control for 
maxin.um output. Then regulate the volume con¬ 
trol so that the signal is fairly weak and adjust No. 
1 loop trimmer condenser for maximum response. 

The following adjustments should not be at¬ 
tempted unless it is definitely known that the entire 
chassis requires realignment. Tune in a signal of 
kfimvn frequency in the beacon band. Observe if 
the main tuning dial calibration is accurate. If, for 
example, the known signal is 314 kc, set the main 
tuning dial at 314 kc and leave it there whether or 
not the signal is heard. 1'hen adjust the 300-kc 
oscillator adjustment on can marked “E” until the 
signal is heard and until it is a maximum. Loop 
trimmer condenser No. 1 should always be adjusted 
for maximum without disturbing the main tuning 
dial and using a low enough setting on the volume 
control so that resonance is clearly observed. Next, 
tune the receiver to a known 500-kc signal; leave 
the main tuning dial at 500 kc, and jidjust the 500-kc 
oscillator trimmer No. 4 and 500-kc r-f trimmer No. 
3 until the signal is heard at a maximum. It is 
emphasized that all such adjustments should be 
made by setting the main tuning dial exactly at the 
calibrated point for the known frccjuency, as other¬ 
wise the calibration on the tuning dial may not hold 
throughout the range. 

The intermediate fre(|uency of the receiver is 
175 kc. No attempt should he made to align all 
the i-f transformers (transformers “B,” “C” and 
“D”) on incoming signals. 1-f transformers are 
of special design, and will not drift out of adjust¬ 
ment in service. If, however, any one of these 
transformers requires replacement in the field, it 
may be aligned by tuning in a signal and then ad¬ 
justing the two iron cores with the adjusting screws 
on the can, using a low volume control setting dur¬ 
ing this work. Since the i-f transformer adjust¬ 
ments are only accessible readily from the sides of 
the can, it will be apparent that such adjustments 
should properly be made with the receiver out of 
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the chassis and with an accurate 175-kc modulated 
oscillator. 

15^. Storage Battery Circuits —The storage 
battery to be used with the AR-8703-BX should be 
an HDL~11 or equivalent. This battery has suf¬ 
ficient capacity to operate the direction finder for 
a continuous period of approximately 16 hours. 
The total drain from the battery is 5.6 amp. The 
dynamotor requires about 2 amp, receiver tubes 2.2 
amp, and the radio room red light,* indicator and 
panel lights and relay coil about 1.4 amp. Mazda 
No. 40 brown bead compass and panel lights should 
be used to insure minimum current drain. 

A 25-ohm rheostat, connected in series with the 
compass indicator light, is mounted on the receiver 
panel. The purpose of this rheostat is to enable 
the navigator to adjust the brilliance of the main 
compass scale to the desired degree. Attention of 
the ship^s personnel should be called to this feature. 

The 110-volt battery charging circuit is dis¬ 
connected when the small toggle switch at the rear 
of the binnacle is thrown to the off position. The 
110-volt charging circuit is fused by 3-amp fuses 
while the positive side of the .storage battery circuit 
is fused by means of a 20-amp fuse. 

15~6c. Calibration —Calibration of the model 
AR-8703-BX radio direction finder should be car¬ 
ried out using standard Radiomarine procedure. A 
true “dead ahead” radio bearing should be taken 
and the loop firmly locked in position. Access to 
the calibrating scale, beneath the handwheel, should 
be obtained by removing the front half of the cover 
over this scale. The drum on which the scale is 
mounted may then be loosened from the drive shaft 
and reset so that the pointer reads zero. Then 
tighten up set screws and replace cover. The ship 
should then be swung in the usual manner and 


simultaneous radio and pelorus bearings taken at 
least at every stud point throughout the the azimuth 
so that an accurate calibration curve may be drawn. 
The loop pointer over the main compass scale 
should fhen be adjusted to zero and compensator 
adjusted to correct for the observed errors. Care 
should be taken not to strain the band when adjust¬ 
ing the band on the compensator. If a correction 
in excess of 25® is required, which results in ex¬ 
tending the band toward its limits, it is recom¬ 
mended that a special long band be installed. 
After the compensator has been adjusted, the accu¬ 
racy of the compensator setting may be readily 
checked by comparing readings of the pointer over 
the fixed outer scale against the readings on the 
calibrating scale. 

15-6f. Maintenance —For ordinary use of the 
direction finder for approximately one hour per 
day, with 110-volt d-c supply, the charging lamps 
should consist of two 25-watt 120-volt lamps. 
These are connected in parallel in the binnacle. If 
the direction finder is used for longer daily periods, 
a pair of 40-watt or 50-watt lamps may be used. 
In the case of 240-volt ship supply, for one hour 
daily service, two 50-watt lamps are recommended. 

Collector rings and brushes arc made of solid 
silver, and must not be cleaned with abrasives. Use 
carbon tetrachloride on a clean cloth. 

Light grease should be used on compensator gears 
and light oil on shaft bearings, taking care not to 
use excessive amounts. 

The main line toggle switch behind binnacle must 
be turned off, or the 110-volt circuit disconnected 
in radio room, when ship lays up or is in drydock. 
Otherwise, the A battery will discharge back 
through power line. 




CHAPTER 16 

RADIO WAVE PROPAGATION 


The history of radio wave propagation is a fasci¬ 
nating one; it begins with the famous equations 
derived by a British mathematical physicist, James 
Clerk Maxwell, in 1865 and 1873. Totlay as engi¬ 
neers and physicists explore the behavior of radio 
waves in the ultra-high and microwave spectrum, 
they must make use of MaxwelPs equations derived 
80 years ago. 

In these e(]uations, Maxwell worked out the fun¬ 
damental laws governing the propagation of electro¬ 
magnetic waves through space or through any me¬ 
dium. By separating the variables in the formula, 
he discovered that both the electric and magnetic 
fields were subject to the partial differential equa¬ 
tion known as the ‘Vave” equation. He deter¬ 
mined that electromagnetic phenomena were essen¬ 
tially wave phenomena and, incidentally, .showed 
that light itself was an electromagnetic wave. 
Ironically, Maxwell did not know of any waves 
produced by electrical means, since it was not until 
after his death that Heinrich Hertz, in 1888, demon¬ 
strated the existence of waves which were un¬ 
den iably electromagnetic. 

Hertz conducted his experiments first with wired 
circuits and then advanced to space transmission. 
In two experiments, Hertz employed the oscillatory 
discharge of a spark discharge to excite his loop 
antenna, the dimensions of which produced waves 
having lengths of 0.66 and 9,8 meters, respectively. 
Employing a loop of the same dimensions of the 
oscillator for a resonator or receiver, he discovered 
that at certain distances from the oscillator a spark 
would jump across a small gap at the ends of the 
receiving loop antenna. Since the wave lengths 
were short, he required only short transmission line 
lengths and reflection spacing distances to demon¬ 
strate the wave properties of this phenomena. In 
this way. Hertz verified the theories of Maxwell in 
every particular and established the close relation 
between the wave he generated and light waves. 
He proved the laws of wave propagation, showing 
that when propagated in straight lines they could 
be reflected by polished metal mirrors and could be 
focused or beamed by using lens-shaped cylinders 
of pitch. 

As a result of these experiments, Hertz arrived 
at the conclusion* that there must be a special me¬ 
dium other than air in which these waves traveled 
and that this medium transmitted waves of light. 
Thus originated the theory of the existence of an 
all-permeating medium which scientists called the 
ether and which eventually led to the identification 


of radio waves as ether waves. The fact that other 
types of wave motion capable of transmitting en¬ 
ergy, such as sound and water waves, are dependent 
on a material medium, led .scientists to the posula- 
tion of a nonmaterial medium called the ether, 
which must be assumed to permeate all space. As 
this theory developed, the reference to ether waves 
gradually changed to electromagnetic waves, since 
scientists have questioned the existence of ether as 
an ail-permeating medium. 

Other scientists carried on experimental work, 
and in 1895 Guglielmo Marconi produced apparatus 
that was capable of communication over a distance 
by means of radio waves. It was in this same year 
that Marconi decided on using a transmitter, one 
terminal of which was connected to the antenna and 
the other to earth. This was in contrast to the 
Hertz ungrounded dipoles, and resulted in increasing 
the range of communication. Today frecjuent ref¬ 
erence is found to the Marconi antenna, which 
requires the transmitter to be operated against 
ground. 

Oliver Lodge, in England, contributed the tuning 
principle and Braun, in Germany, made many fun¬ 
damental studies, and on December 12, 1901, Mar¬ 
coni intercepted the first radio signals transmitted 
across the Atlantic between Poldhu on the Coast 
of Cornwall in England and St. John's, Newfound¬ 
land, using a wave length of about 1100 meters. 

It is interesting to note that prior to transmitting 
radio signals across the Atlantic, Marconi came to 
the United States in November of 1899, and demon¬ 
strated his wireless telegraph system under the aus¬ 
pices of the U. S. Navy Department, and on No¬ 
vember 2, 1899, the battleships Nciir York and 
Massachusetts, equipped with Marconi apparatus, 
exchanged messages at a distance of 36 miles. 

The SS, St, Paul was the first ship of the U. S. 
Merchant Marine to be equipped with wireless 
telegraphy, and on a voyage to England, trans¬ 
mitted a commercial message, November IS, 1899, 
to a station on the Isle of Wight, thereby establish¬ 
ing a DX or distance record for ship-to-shore 
communications. 

In 1901 Marconi used a kite antenna to intercept 
the first messages transmitted across the Atlantic. 
It has often been said that history repeats itself, 
and today we find kite antennas employed for radio 
communication to and from lifeboats and lifcrafts. 

Space does not permit a detailed description of 
the progress made in wireless telegraph transmis¬ 
sions through the years. Radiotelephony, followed 
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by the advent of broadcasting in the closing months 
of 1920, was made possible by the creation of the 
three-element vacuum tube by Dr. Lee De Forest. 
From this invention sprang radio facsimile and 
television transmissions and then the startling “static 
free” wide-band F~M broadcasting system invented 
by Major Edwin II. Armstrong, which appears 
destined to replace the amplitude method of broad¬ 
casting for regional and local coverage. 

Just prior to World War II, the use of the radio 
spectrum extended to approximately 60 me, with 



Fig. 16-1. IS-centimeter parabolic antennas employed 
in 1931 in microwave duplex communication link between 
Dover, England, and Calais, France. 


considerable experimentation taking place on all 
frequencies far up into the microwave spectrum, 
where the length of radio waves is measured in 
centimeters. 

A microwave duplex telephone and telegraph link 
was demonstrated successfully between Dover, Eng¬ 
land, and Calais, France, by the International Tele¬ 
phone and Telegraph Laboratories, Inc., on March 
31, 1931, and was installed commercially between 
Lympne, England, and St. Inglevert, France, in 
1931, operating on a wave length of 18 centimeters 
and using a parabolic antenna for transmission and 
reception. This microwave system required a 
power of only one-half watt and employed trans¬ 
mitting and receiving antennas only 2 inches in 
length. Radiation emitted and received from the 
antennas was concentrated into very sharp beams 
by means of the paraboloidal reflectors which meas¬ 
ured 10 feet in diameter. The gain of these re¬ 
flectors was in the order of 28 db at each end. Fig¬ 
ure 16-1 shows the parabolic tiansmitting and re¬ 
ceiving antennas employed in these historic 
transmissions. 

Military necessity, during World War II, stimu¬ 
lated experimentation and development of tubes and 
equipment for use in this new^ spectrum, and the 
proximity fuse and radar were born, along w ith many 
other new applications of radio transmission to com¬ 
munications, navigation, ship and aircraft detection, 
and direction finding 

From the time of Hertz, engineers and pliysicists 
like Marconi, Kennelly, Heaviside, Apjileton and a 
host of others have been exploring the characteristics 
and vagaries of radio w^ave propagation. I'oday 
their successois are still seeking the answers to sev¬ 
eral unanswered questions, particularly regarding the 
behavior of waves in the very-high and microwave 
spectrum. Radio noise emanating from the sun has 
been detected both in the microwave spectrum and on 
lower frequencies. Considerable data have already 
been accumulated; predictions have been made re¬ 
garding propagation conditions that may be encoun¬ 
tered during future periods of sun spot maxima. 
The knowledge of radio wave propagation should 
progress substantially 

One of the most sensational experiments in radio 
wave propagation occurred on January 10, 1946, 
when the Signal Corps staff of the Evans Signal 
Laboratory at Belmar, New Jersey, pierced the iono¬ 
sphere and obtained the first reflection of pulse trans¬ 
mission from the moon. Radar pulses of one-half 
second duration were transmitted on a frequency of 
112 me at five-second intervals from a modified 
SCR-270 radar set and reflections obtained at five- 
second intervals. Astronomers calculate the aver¬ 
age distance between the earth and the moon to be 
238,857 miles. Figure 16-2 shows a photograph of 
the double radar antenna employed in this experi¬ 
ment. The Signal Corps engineers, under the di¬ 
rection of Col. John DeWitt, used an ultra-sensitive 
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Fig. 16 - 2 . This photograph of SCR-271 radar shows the antenna aimed at the moon. 
(Courtesy U S Signal Corps ) 


receiver to detect the faint echoes of the initial speculate on the possibility of employing the moon 
radar pulses reflected back from the moon as shown as a reflecting point for the purpose of transmitting 
in Figure 16~3. radio messages across transoceanic routes making 

The observation shown was made during the rise use of microwave frequencies. The factors in- 
of the moon at 11:00 p.m. on January 22, 1946, volved in such considerations include problems such 

when the satellite was at an azimuth of 89® from as cosmic noise, doppler shift, and special astro- 

north (approximately due east). The white scale nomical effects. The type of communications 
beneath the trace of the oscilloscope beam is super- which the moon could support as a passive repeater 
imposed upon the photograph to indicate the ap- is dependent on the nature of its surface A moon 
proximate distance of the moon. On most radar with a smooth surface might reflect broadcasting 

oscilloscopes, this scale appears directly on the oscil- and television signals, whereas a rough surface 

loscope face. might limit transmissions to radiotelegraph devices 

These experiments have led radio engineers to only. 
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Fig. 16~3. The visual indication of lunar echoes is clearly seen in this oscilloscope photograph taken during the 
Signal Corps radar experiments. This particxdar observation was made during the rise of the moon at 11 P.M. on January 
22, 1946, when the satellite was at an azimuth of 89° from north (approximately due east). The white scale beneath the 
trace of the oscilloscope beam is superimposed upon the photograph to indicate the approximate distance of the moon. On 
most radar oscilloscopes, this scale appears directly on the oscilloscope face. (Courtesy U. S. Signal Corps.) 

16-1. Radio Waves —Radio communication The two most important properties of a radio 
takes place by means of electrical energy in electro- wave are its frequency or wave length, and its 

magnetic form which is radiated from the trans- amplitude or intensity. The frequency, f, in cycles 

mitting antenna and propagated through free space per second and the wave length, A, in meters are 

with the velocity of light. The portion of the elec- related in the following manner: 

tromagnetic spectrum currently employed for radio ^ 

work extends approximately from 10,000 cycles per \ = ^^ ^- 

second to 30,000 me per second, electromagnetic ^ 

radiations in this range being known as radio 300,000,000 is the velocity of light in meters 

waves. Radio waves differ from other electro- The intensity, or strength, of a radio 

ma^etic waves, such as light, heat, and X rays only wave is expressed in terms of the unit “volts-per- 
m frequency or wave length. meter.” As this is a rather large unit, “millivolts- 

Radio waves are made up of two components, an per-meter” and “microvolts-per-meter,” abbreviated 

electrostatic field and a magnetic field. The total mv/m and py/m respectively, are more commonly 

energy in the wave is equally divided between these used in practice. The intensity of a radio wave in 

two fields. The electrostatic and the magnetic field any of these units is an expression of the voltage 

are at right angles to each other and are also at stress produced in space by the electrostatic compo- 

right angles to the direction in which the wave is nent of the wave. 

moving. The direction with respect to the surface 16-2. Classification of Radio Frequencies— • 
of the earth of the lines of force of the electrostatic The portion of the electromagnetic spectrum pres- 

field determines the polarization of the radio wave. ently employed in radio work extends from approxi- 
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mately 30,000 meters (10 kc) to one centimeter 
(30,000,000 kc). Propagation characteristics vary 
considerably throughout this large range of fre¬ 
quencies ; therefore, in discussing propagation char¬ 
acteristics of radio waves, it has been found con¬ 
venient to divide radio frequencies into the follow¬ 
ing classifications. 


Frequency (kc) 

Designation 

Abbreviation 

10 to 

30 

Very low 

VLF 

30 to 

300 

Low 

LF 

300 to 

3,000 

Medium 

MF 

3,000 to 

30,000 

High 

HF 

30,000 to 

300,000 

Very-high 

VHF 

300,000 to 

3,000,000 

Ultra-high 

UHF 

3,000,000 to 30,000,000 

Super-high 

SHF 


When dealing with the higher frequencies, it is 
more convenient to employ the unit ‘‘megacycle” in¬ 
stead of the smaller unit “kilocycle.” When this is 
done, the very-high-frequency band becomes the 30 
to 300 me band, one megacycle being equal to one 
million cycles. Radio waves between one meter 
and one centimeter (300-30,000 me) are conven¬ 
iently referred to as microwaves. 

16^3. Wave Motion —Radio communication 
rc(iuires the propagation through space of electro¬ 
magnetic waves. Before proceeding with the sub¬ 
ject of radio wave propagation, it is essential first 
to consider the characteristics of wave motion. 
'J'he most familiar wave motion is that of water 
waves. If a stone is dropped into a pond of water, 
wave motion is immediately produced on the surface 
of tile water because of the impact, and waves 
spread out radially in all directions from the point 
where the stone strikes the w’ater. The wave mo¬ 
tion produced is caused by both pressure and tension 
at the surface of the water, the crest of the wave 
representing the pressure, and the trough, the ten¬ 
sion. The water itself does not move forward ap¬ 
preciably as might be believed when watching the 
waves; it is the form of the wave which travels 
forward. Actually, the particles of water have an 
up-and-down movement about their position of equi¬ 
librium and, after a complete wave has passed, 
these water particles are in the same position they 
were in before the arrival of the wave. 





Fig. 16-4. Graphical representation of water waves. 

Wave motion possesses four characteristics— 
namely, wave length, velocity, frequency, and ampli¬ 
tude. Consider the waves that are produced on the 
iiurface of a body of water, as represented in Fig¬ 
ure 16-4. The straight line C represents the sur¬ 


face of the water when it is at rest. The curved 
line represents the surface of the water after it has 
been set in motion by the impact of a stone as men¬ 
tioned above. One complete wave extends from C 
to C' or from B to B'. This distance is called the 
wave length and in radio literature is symbolized 
the Greek letter lamlxla. It should be noted that a 
wave length is the distance from any point on a 
wave to the corresponding point on the next wave. 

Water waves are carried along by water. Water 
is their medium. Radio waves are propagated 
through space as electromagnetic waves without any 
recognized physical medium. As mentioned previ¬ 
ously, an all-pcrmcaiing medium known as ether 
has, in the past, been credited with sustaining elec¬ 
tromagnetic waves. Light and heat waves are also 
electromagnetic waves and differ from radio waves 
only in wave length. The speed or velocity of all 
electromagnetic waves is the same: 1S6.000 miles 
(300,0(K),000 meters) jier second. 

Theve is a definite relation between the length of 
a wave and its velocity which will be confirmed by 
the following experiment. Stand on the shore and 
estimate the length of water waves as they pass by. 
Assume that the distance from crest to crest of each 
wave is 12 feet and the number of waves passing 
each second (known as frecjuency) is 10. What 
is the velocity? As each wave is 12 feet long and 
10 pass each second, the velocity must be 12 X 10 
or 120 feet per second. This is a general rule and 
can be expressed: 

Velocity = number or frequency X wave length 

It has already been staled that the velocity of 
radio waves is 300,000,000 meters per second. Sub¬ 
stituting in the above formula, the wave length of 
radio waves can always be determined if the fre¬ 
quency is known; likewise if the wave length is 
known, the frequency of the waves can be deter¬ 
mined by the following relationship: 


where / = frequency in carles [ler second 
X = wave length in meters 
V = velocity of radio waves in meters per 
second 

Example: What is the frequency of a radio wave 
if the wave length is 300 meters? 

, 300,000,000 

/ = -- 1,000,000 cycles per second 

300 

The frequency of 1,000,0(X) cycles per second in 
the above example is usually more conveniently ex¬ 
pressed in kilocycles per second or megacycles per 
second. One kilocycle equals 1000 cycles; one 
megacycle equals 1,000,000 cycles. A frequency of 
1,000,000 cycles per second can therefore be ex¬ 
pressed as either 10(X) kilocycles per second or one 
megacycle per second. 
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Referring again to Figure 16-4, it will be noted 
that the waves are divided into two parts, one above 
the center line, the other below it. In one part, the 
water has moved upward; in the other, downward. 
The maximum value that the wave moves upward 
or downward is known as the amplitude of the 
wave. It is the wave’s amplitude that determines 
the amount of energy it contains. 

16~3a. Damped Waves —The waves illustrated 
in Figure 16-5 are called damped waves. It should 
be noted that the waves diminish in amplitude, i.e., 
each succeeding cycle has a smaller amplitude than 



Fir.. 16-5. Damped waves. 


the preceding one. All the waves from S to F 
comprise one wave train. The following mechani¬ 
cal analogy will illustrate the production of a 
damped wave train. Hang a weight on a spring, 
pull the weight down and let it free. It will vibrate 
up and down and gradually come to rest. The mov¬ 
ing weight will set up waves in the air which cannot 
be heard (sub-sonic), but these waves are of exactly 
the same character as the motion that produces 
them. The motion of the weight is gradually de¬ 
creased because of friction. The waves produced 
in the air by the movement of the weight are exactly 
as shown in Figure 16-5. They are of decaying 
amplitude. The radio waves produced by spark 
transmitters formerly employed in marine service 
were of decaying amplitude and were therefore 
damped waves. 

1^3b. Undamped Waves —Waves in which 
the amplitude remains constant are known as un¬ 
damped or continuous waves (CW). The follow¬ 
ing experiment will illustrate how a wave train of 
constant amplitude can be produced. The same 
spring and weight are used for this experiment. 
Pull the weight down and let it free. Each time 
the weight reaches the uppermost position of its 
travel and is starting downward again, tap it just 
hard enough to make it go down to its first, lowest 
position. Do this each time it starts downward. 



Fir,. 16-6. Undamped wavc.s. 


Its motion, and hence the waves set up by it, can 
be represented by Figure 16-6. The amplitudes of 
each cycle are the same. It is an undamped wave. 
In order to make it undamped or continuous, it is 


necessary to add energy each cycle by tapping it 
at the proper time. Undamped radio waves are 
generated by supplying energy at the proper instant 
of each cycle. Undamped radio waves have many 
advantages over damped waves and, by international 
agreement, have replaced the latter with the one 
exception of emergency operation of lifeboat 
transmitters. 

16-4. Characteristics of Electromagnetic Waves 

—Electromagnetic waves are subject to reflection, 
refraction, and absorption, the degree of each de¬ 
pending upon the frequency of the wave and the 
material they encounter in their travel. The effects 
produced can best be described by considering the 
case of visible light waves, which like radio waves 
are also electromagnetic in character and have the 
advantage, for this discussion, of being visible. 

16-4a. Reflection —When a billiard ball strikes 
a cushion, its direction of motion is changed. In 
the same way, an electromagnetic wave attempting 
to pass from one medium to another may be turned 
back at the common surface of the two media. 
This is illustrated in Figure 16-7 where a light 
wave impinges upon the surface of a mirror at an 
oblique angle and is turned back, or reflected. The 
angle of reflection is equal to the angle of incidence. 



Fn;. 16—7. Reflection. 


16-4b. Refraction—Everyone is familiar with 
the effect produced when a stick is immersed in 
clear water and the part of the stick under water 
appears to bend at an angle from the part of the 
stick in the air. 'fhe reason for this visual distor¬ 
tion is that the light waves alter their direction of 
travel when they pass from air to water and vice 
versa, and the stick appears to be bent, since the 
waves travel at different velocities in the two media. 
In this particular case, the light waves travel more 
slowly in the water than in the air and the direction 
of propagation in water is bent toward the normal 
as .shown in Figure 16-8. This is the phenomenon 
of refraction. The ratio of the velocity of the 
waves in the air above the surface of the water to 
the velocity of the waves in the water is the refrac¬ 
tive index. Since the waves travel more slowly in 
water than in the air, the refractive index of water 
is greater than that of air. 

The velocity of electromagnetic waves is de¬ 
pendent upon the electrical and magnetic properties 
of the media through which they travel. It is im¬ 
portant to remember this, since it will be helpful in 
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understanding how radio transmission over long 
distances is accomplislied. In air, the velocity of 
radio waves is 3 X 10“ meters per second. The 
velocity in any other medium may be derived from 
3 X 10“ 

the formula: — r=r~ wl'^ere y. is the permeability 

V/xA 

and K the dielectric constant of the medium. 

16-4c. Dispersion—Let us examine further the 
change of velocity of electromagnetic waves when 
they pass from one medium to another. This can 



Fig. 16 - 9 . Dispersion of white light passing through 
a prism. 


be done by studying the effect of passing sunlight 
through a glass prism. Sunlight is composed of 
light vibrations of many different frequencies and, 
con.sequently, appears as white light. However, 
when we pass these component vibrations of what 
appears to the eye as white light through a glass 
prism, the difference in frequency of the component 
vibrations are refracted at different angles when 
passing through the glass and reappear on the other 
side resolved into a spectrum comprising parallel 
colored bands of light in whicii red is the least, 
and violet the most, deviated trom the angle at 
which the white light entered the glass. This is 
illustrated in Figure 16-0. 

16-4d. Total Reflection—Figure 16-8 has shown 
how a light wave in passing from air into water is 
refracted toward the normal. The reverse is true 
of a light wave passing from water to the air which 



Fk.. 16-10. When the angle of Incidence reaches the 
critical angle total reflection occurs. 


in this case is refracted away from the normal. In 
every case where the velocity is less in the new 
medium than in the original one, the ray is bent 
away from the plane of the boundary surface at the 
point of entry. 

If the direction of the ray passing from water to 
air becomes more oblique to the normal, the angle 
made with normal by the ray in the air becomes corre¬ 
spondingly greater and eventually a point is reached 
when the ray, on emerging into the air, just grazes 
the common surface and is in fact at right angles 
to the normal. If the obliquity of the ray is still 
further increased, as shown in Figure 16-10, the 
ray does not enter the air but is totally reflected at 
the common surface; the angle of a reflection being 
equal to the angle of incidence. The angle of the 
incident ray to normal, when total reflection occurs, 
is known as the critical angle. 
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16-4c. Other Factors —There is still another 
phenomenon that is not explained by either simple 
reflection or refraction alone. It is a common 
occurrence in the propagation of radio waves over 
long distances resulting from the bending of a ray 
from a new medium back into the original one. 
However, before proceeding with the explanation 
of this phenomenon, it is necessary to consider 
further what takes place when an antenna is ener¬ 
gized by a source of radio energy. 



Fig. Electrostatic and niaKiietic fields surrounding 

a grounded vertical antenna. 


16-5. Radiation of Radio Waves —In order to 
radiate electromagnetic waves, it is necessary to 
excite a transmitting antenna by connecting it to a 
suitable source of alternating current. A 6()-cycle 
alternator, such as produces the usual power and 
lighting current, would not do. To achieve radi¬ 
ation, it is necessary that the dimensions of the 
transmitting antenna approach at least a fraction 
of the magnitude of a wave length of the frequency 
to be transmitted. The radiation from a conven¬ 
tional antenna would be negligible at 60 cycles since 
a wave length at this frequency exceeds 3100 miles. 
Therefore, it can be seen that the frequency of the 
alternating current in a transmitting antenna must 
be high in order to radiate sufficient power to pro¬ 
duce any effect in a distant receiving antenna. The 
lowest frequency employed in practice to communi¬ 
cate by radio waves is 13,000 cycles per second. 

The radiation from a single conductor vertical 
antenna is illustrated in Figure 16-11. This type 
of antenna, which operates against ground, is known 
as a Marconi antenna. The conductor of this type 
of antenna may be considered as one side of a large 
electrical condenser with the ground the other side. 
In addition, such an antenna possesses inductance, in 
the form of distributed inductance along the entire 
length of the conductor. The current flowing in 
the antenna produces a magnetic field around the 
antenna, while the voltage on the antenna produces 


the electric field. These two fields combine at right 
angles some distance from the antenna and are 
propagated through free space as an electromagnetic 
field. 

The natural, or fundamental, wave length of an 
antenna, which is the antenna’s natural resonant 
frequency without any external loading, is deter¬ 
mined by its distributed capacitance and inductance. 
These, in turn, are a function of the antenna's 
height, length, number of conductors, and geomet¬ 
rical shape. The resonant fre(|uency of an antenna 
may be altered through the use of external con¬ 
densers or inductors. A condenser connected in 
series with the antenna increases the freciuency at 
which the antenna resonates. An inductor con¬ 
nected in series with the antenna decreases the fre¬ 
quency at which the antenna is resonant. 

16-5a. Radiation Field —It has been shown 
that, when a grounded antenna is excited by a 
source of radio frequency, a wave motion is pro¬ 
duced, consisting of expanding electric and mag¬ 
netic fields of force spreading out from the antenna 
in all directions. It is important to remember that 
at a distance from the antenna the moving electric 
and magnetic fields do not exist separately but are 
in time phase with each other, although at right 
angles to each other in space. The maximum 


DIRECTION OF PROPAGATION 








Fig. 16-12. The electric and magnetic fields of the 
radiated wave are at right angles to each other and are at 
right angles to the direction of propagation. In the above 
illustration the wave is vertically polarized. 


strength of the magnetic field occurs when the elec¬ 
tric field is also at a maximum. The movement of 
the electric and magnetic fields above and in the 
surface of the earth is somewhat as portrayed in 
Figure 16-12. The velocity of the waves in space 
has been previously stated as 300,000,000 meters 
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(186,000 miles) per second, but the frequency of 
the consecutive bands of maximum and minimum 
electric and magnetic fields is dependent upon the 
frequency of the radio transmitter. The measure¬ 
ment of distance between any two consecutive max¬ 
ima of either electric or magnetic field is the wave 
length of the electromagnetic wave. 

The strength of the electric or magnetic field 
varies sinusoidally with respect to time at any given 
point remote from the transmitter and sinusoidally 
with respect to distance measured from the radiat¬ 
ing antenna at any given instant. The measure¬ 
ment of the field intensity at various distances per¬ 
mits determining the distribution of energy in all 
directions and, for example, in the case of a broad¬ 
cast station, determines its primary coverage. Such 
a measurement is one of the radiation field in which 
varying states of electric and magnetic stress are 
propagated outward from the radiating structure 
and represents an actual dissipation of energy. As 
staled previously, the two fields, electric and mag¬ 
netic, comprising the radiation field, are in time 
phase with each other hut in space qnadratuie 
(right angles) and both are at right angles to the 
direction of propagation, as shown in Figure 16-12. 
'Hie radiation field composes the total field at a dis¬ 
tance a few wave lengths from the antenna. 

Within a few wave lengths of the transmitting 
antenna, the lines of both mafgnetic and electric 
force are appreciably curved, but at great distances 
the curvature becomes so slight that the lines be¬ 
come almost a vertical plane, presenting to a re¬ 
ceiving antenna a network of horizontal and verti¬ 
cal lines for a normally polarized wave, Hie wave 
front is never truly vertical unless the wave is 
traveling in free space or is passing over a .surface 
which has infinite conductivity. ¥or example, the 
bending of the wave would be less when it travels 
over salt water, which has a high degree of con¬ 
ductivity, as compared to dry sand, which introduces 
losses resulting in forward tilting of the vector of 
electric force, producing a rotating field of elliptical 
form. The angle of forward tilt increases with 
fre(juency and with decreasing conductivity of the 
surface over which the wave is passing. The con¬ 
ductivity of the earth plays an important part in 
determining the ground wave which, in the case of 
a standard broadcast station, is one of the factors 
that determines the coverage of the station. Ground 
conductivity is expressed in terms of electromag¬ 
netic units (e.m.u.). 

16-5b. Induction Field —When an antenna is 
excited by a source of radio frequency, there re¬ 
sults, in addition to the radiation field, another field 
comprising a variation of electric and magnetic 
fields in which there is no dissipation of energy. 
The electric and magnetic fields in this case are in 
both time and space quadrature {90^ out of phase in 
time and at right angles to each other in space) as 
compared with the electric and magnetic forces of 


the radiation field (which are tVi phase with each 
other but in space quadrature), and the energy sim¬ 
ply oscillates from one to the other without any 
being lost. 

In the case of the radiation field, the intensity of 
both the electrostatic and magnetic fields over a per¬ 
fect conducting surface falls off inversely as the 
first power of the distance from the energizing 
source. In the case of the induction field, the 
intensity of the magnetic component of the field 
falls off inversely as the square of the distance 
while the electrostatic component falls off inversely 
as the cube of the distance. Due to the fact that 
the induction field falls off at a rate much greater 
than the radiation field, it is not important in the 
usual application of space radiation. The induction 
field is employed, however, in certain applications 
such as “remote contiol" without interconnecting 
wires, and “wireless” phonograph players. 

16“5c. Field Intensities —The induction field is 
strongc than the radiation field within a wave 
length or two of the antenna and at greater dis¬ 
tance the reverse is true. The actual strength of 

2irhi 

the two fields are proportional to --— (radiation) 

\d 


and -- (induction) respectively, where h is the 


effective height of the antenna, i the current in the 
antenna, and d the distance to the point of measure¬ 
ment; both li and d must be in the same measure¬ 
ment units. 


At a distance where —~ — , that is, where 
(I ^ the intensities are equal. At a distance 

ZTT 

of a few wave lengths, the intensity of the induc¬ 
tion field is very low and may be neglected in com¬ 
parison with the latter. 

Neglecting attenuation of the radiation field, its 
intensity can be determined from the following 
mathematical expression: 


-ih ih 

e = 1207r r--: = 377 

hd Kd 

where c = the field intensity in millivolts per meter 
i = r-f current at base of antenna in amperes 
h = effective height' of antenna 
X = wave length in same units as h 
d = distance from transmitter to point of 
measurement in kilometers 


1 The current is usually not equally distributed along an 
antenna. Effective height is an exprcs.sion, used chiefly in 
connection with grounded vertical broadcast antennas, which 
states the height of antenna which would be required to 
province the same field intensity as the antenna under con¬ 
sideration, provided the current along the entire length of 
the antenna were uniform and equal to the current at the 
base of the antenna under consideration. The effective 
height of an antenna is somewhat lower than its physical 
height. 
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16-5d. Units of Measurement —Several differ¬ 
ent methods and types of apparatus are employed 
in field strength measurements. The universally 
adopted unit of measurement is the ‘Volt per meter.” 
The unit “volts per meter” is a large one; for ordi¬ 
nary purposes, it is more convenient to use “milli¬ 
volts per meter” or “microvolts per meter.” 

The field intensity, expressed in volts, millivolts, 
or microvolts per meter, is a measure of the inten¬ 
sity of the signal from a radio transmitter at the 
point the measurement is made. It is an expression 
of the voltage stress produced in space by the elec¬ 
trostatic component of the electromagnetic wave; 
this voltage being equivalent to the voltage that 
would be induced in a conductor one meter long by 
the magnetic field of the radio wave. As the 
strength of the electrostatic and magnetic field 
varies sinusoidally with respect to time at any given 
point, the field intensity is expressed in terms of 
the effective value of the voltage produced by the 
passing wave. 

The equation given in 16-Sc above shows that the 
field intensity at a distance from the transmitting 
antenna is proportional to the product of the an¬ 
tenna current and effective antenna height. Inter¬ 
national radio regulations require the radiated 
power be expressed in meter-amperes, i.e,, the ef¬ 
fective height in meters times the antenna current. 

16-6. Polarization —Radio waves may be prop¬ 
agated either vertically or horizontally polarized, 
depending upon the physical arrangement of the 
radiating system. A demonstration of polarized 
waves can be made by watching the waves that 
travel down a piece of rope, one end of which is 
free and the other end held in the hand. If an up 
and down motion is imparted to the rope, the waves 
will move along the rope in an upward and down¬ 
ward direction and are vertically polarized. Sea 
waves are a form of-vertically polarized waves. If 
the motion imparted to the rope is in a horizontal 
side-to-side direction, the waves in the rope will be 
horizontally polarized. 

An oblique transverse motion given to the end 
of the rope in a straight line making, say, an angle 
of 45® with the vertical, would produce obliquely 
polarized waves. Such waves in all three cases are 
called plane polarised waves and that is the name 
given to any system of transverse wave motion 
which takes place in one plane only through the 
direction of propagation, no matter whether the 
plane be vertical, horizontal, or in any intermediate 
direction. 

An electromagnetic wave radiated by a vertical 
antenna is vertically polarized, since its electric field 
is in the vertical plane tlirough the direction of 
travel, even though the magnetic lines of force move 
in a horizontal plane. All references to polariza¬ 
tion of a wave in subsequent paragraphs will be in 
reference to the plane of the electrical field. 


16-6a. Abnormally Polarized Waves —Consider 
the case of an antenna which is neither vertical nor 
horizontal but is sloping at some acute angle to the 
earth's surface, as for example the trailing antenna 
from an aircraft. This results in tilted circles of 
magnetic force surrounding the antenna, and the 
electric field is no longer perpendicular to the earth's 
surface when the wave front reaches a receiving 
antenna on the earth. Such a wave is still polar¬ 
ized, but its plane of polarization may make an 
angle as high as 60° with the vertical plane through 
the direction of travel. Such a wave is said to 
be abnormally polarized. 

16-6b. Elliptically and Circularly Polarized 
Waves —In radio direction finding, difficulties 
are encountered in securing an accurate bearing on 
a transmitting station when the radio wave has a 
complex polarization cither in the form of circular 
or elliptical polarization. 

Circular polarization occurs when the vertical 
component is at its maximum amplitude when the 
horizontal component is zero, and vice versa. Dur¬ 
ing one cycle, the wave takes up in turn every plane 
of polarization while remaining at constant ampli¬ 
tude, although its electric and magnetic fields in any 
one plane rise and fall sinusoidally. The direction 
of rotation may be either to the right or to the left. 
Using the rope analogy, a circularly polarized wave 
would be produced by a rapid rotary movement of 
its free end cither in a clockwise or counterclockwise 
direction. 

Should the horizontal component of tl>e wave 
have a smaller amplitude than the vertical one, the 
resultant would no longer be circular, but elliptical. 
Elliptically polarized waves also result when the two 
components of the wave are not in quadrature but 
bear some random phase relation. 

16-7. Attenuation —At a distance a few wave 
lengths from the antenna, the field instead of falling 
off inversely proportional to the distance falls off 
faster, depending upon the type of surface over 
which the waves are propagated. The falling off, or 
attenuation, of the field is greater over ground than 
over sea water. The attenuation over sandy soil 
is much greater than over salt marshland. Further¬ 
more, the higher the frequency of the waves, the 
greater are the losses and, consequently, the higher 
the attenuation. Hence it is easy to see that the 
field strength of the waves radiated along the 
ground from a standard broadcast station will be 
greater than the field strength of the waves radi¬ 
ated from a police radio station of the same power 
and measured at the same distance, since broadcast¬ 
ing stations operate on frequencies lower than those 
assigned to the police service. In fact, the primary 
service area of a standard broadcasting station op¬ 
erating on the lower frequency portion of the band 
550-1600 kc is considerably greater than that of 
another station operating on the high end of the 
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band, assuming each has the same power and an¬ 
tenna efficiency. 

16-8. Ground Wave —The electromagnetic wave 
which travels along the surface of the earth or water 
is referred to as the ground wave. Reception of the 
ground wave is possil)le over considerable distance 
in the frequency range from 13 kc to 1600 kc since 
the electromagnetic waves follow the curvature of 
the earth as the result of diffraction, which is the 
property that makes it possible for light waves to 
bend around corners to a slight extent. Since radio 
waves are lower in frequency, the effect is more 
pronounced. 

The ground wave radiated from a single vertical 
antenna is distributed ecjually in all directions. If 
the waves do not encounter any obstacles in their 
path, the energy measured at any radius from the 
antenna will be the same, provided the attenuation 
is uniform. However, should a high building or 
hill he encountered in the path of the waves, the 
field on the side away from the antenna might be so 
low as to be indiscernible. The electromagnetic 
field of the waves is deflected around the obstacle, 
causing a screening or shadowing effect. Bridges 
or other similar obstacles produce the same effect. 
Some of the energy in that portion of the waves 
which arc deflected by the obstacle is deflected hack 
toward the direction of propagation and reception 
is restored in some measure. In any event, energy 
is dissipated in the obstacle and the field will be less 
than it would have been liad no obstacle been en¬ 
countered. The effects of shadows with regard to 
television and other services operating in the very- 
high-frequency bands is discussed in more detail 
later in this chapter. 

16-9. The Sky Wave —It has been previou.sly 
mentioned that electromagnetic waves arc of the 
same nature as light waves. I'hey follow the curva¬ 
ture of the earth and thus make radio reception over 
great distances possible. 

Even when this effect is taken into consideration, 
it is inadequate to account for the reception of sig¬ 
nals at hundreds of miles from the transmitter and 
the variation of the strength of these signals during 
day and night winter and summer. In order to ex¬ 
plain such phenomena, it is necessary to consider 
that all the energy from an antenna is not radiated 
along the ground but some is radiated at various 
angles above the horizontal and travel into the elec¬ 
trically conducting ionized layers in the ionosphere, 
where it is reflected back to earth at various dis¬ 
tances from the transmitter. Radio signals re¬ 
ceived over such paths are often referred to as 
sky wave signals. The height and degree of ioni¬ 
zation of the layers, as well as the frequency em¬ 
ployed, determine how far the radio waves travel. 
There are many variations in the height and in the 
degree of ionization of the reflecting layers and, 
therefore, the effect of these layers on radio trans¬ 
mission varies with time of day, with season, and 


from year to year. Other outer shells of the earth’s 
atmosphere such as the troposphere bend radio 
waves beyond the horizon as will be shown later in 
this chapter. 

16-10. The Ionosphere —In the regions above 
the earth, the air particles are more widely scattered 
than they are in the lower atmosphere close to the 
earth and, consequently, when the ultraviolet radi¬ 
ation from the sun bombards the molecules com¬ 
posing these air particles, they become ionized, i.e., 
there are produced free electrons and positive ions. 
Since at great heights the air particles are widely 
scattered, there are less collisions and, consequently, 
less recombinati(*n (f electrons and positive ions; 
hence this region remains ionized for a considerable 
time. The region in which the ionization is great 
enough to affect radio wave transmission lies be¬ 
tween 30 and 2J0 miles (50 and 400 kilometers) 
above the earth’s surface. This region is called the 
ionospbcie. (See Figure 16-13.) I'he effects of 
the ionosphere on radio waves were first observed 
in this country by Kennelly and in England by 
Heaviside. Consequently, this region is often re¬ 
ferred to as the Kennelly-IIeavisidc layer. The 
word “layer,” however, is rather misleading, since 
the region has no sharp boundaries. The ionization 
in the ionosphere is not uni form ily distributed with 
altitude but is stratified, and there are certain defi¬ 
nite layers in which the ionization density is suffi- 
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Fic. 16-13. The earth's atmospheric shells. 
(Courtesy RCA.) 
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cient to reflect radio waves. The height and ioniza¬ 
tion density of these layers is not constant but varies 
with the time of day, from season to season, and as 
a function of the 11 year cycle of sunspot activity. 

Subsequent to the discovery of the Kennclly- 
Heaviside layer, other layers were identified by Pro¬ 
fessor E. V. Appleton. The first layer, identified 
as the E layer, exists at a height of about 90 to 140 
kilometers above the earth, while the second layer, 
which exists as a single layer at night, is termed 
the F layer. During the day, the F layer divides 
into two separate layers which are identified as F^ 
and F 2 layers. The night F layer exists at a height 
of approximately 180 to 400 kilometers. During 
the day, the F^ layer exists at a height of about 
140 to 250 kilometers, and the F 2 layer at a height 
of 250 to 350 or more kilometers in the summer, 
and about 150 to 300 kilometers in the winter. 

A fourth layer, defined as the D layer, exists at 
times during the day at a height of about 50 to 90 
kilometers. 

16-lOa. Bending of Wave Front in the Layer— 

The principal ionospheric characteristics which de¬ 
termine the distance at which radio transmission 
over long distance is possible are the height and the 
degree of ionization of the layers. The ionization 
of a layer is not uniform but increases with height 
and consequently the phase velocity of the waves 
also increases in a gradual manner as the waves 
penetrate into the layer. Accordingly, the effect of 
the ionized layer is to cause a gradual bending of 
the direction of the wave and may be sufficient to 
cause it to bend until it is traveling parallel to the 
earth\s surface, and eventually to direct it down¬ 
wards so that it again returns to the earth at a dis¬ 
tance from the transmitter. 



Fig. 16-14. Transmis.sion to a distant point often takes 
place by means of multiple reflections. The sky wave 
shown above is reaching point E in two hops. 


As the wave front enters the layer the upper 
portion of the wave penetrates deeper into the layer 
than the lower portion and, since the density of the 
layer is greater towards the center than at the lower 
limits, the velocity of the upper part of the wave is 
accelerated more than the lower part, resulting in 


the wave being gradually bent over and, subse¬ 
quently, out of the layer back to earth. 

The possibility of a wave being returned to earth 
depends upon the frequency of the wave and the 
angle at which it enters the layer. An antenna may 
radiate at many angles from the horizontal, and 
consequently, the waves may penetrate into the 
ionosphere at many different points and with dif¬ 
ferent angles of incidence, resulting in the reflected 
wave spreading over a large zone on the earth’s 
surface. Moreover, the reflected wave may be 
turned back to the layer from the earth as in Figure 
16-14. Such multiple reflections account for the 
long distances over which high-frequency radio 
communication is possible. Transmissions may take 
place over a long distance as the result of multiple 
hops, none of which strike the earth, as explained 
in the footnote below. 



Fig. 16-15. Sky wave of low frequency reflected from 
ionosphere back into ground wave range of station. 


The excursion of a radio wave from the earth to 
the ionosphere and back to earth is called a hop. 
Many waves make double and multihops. The 
number of hops is called the order of reflection.’*' 

16-‘10b. Skip Distance—If one were to monitor 
continuously the signal from a high-frequency 
transmitter while traveling directly away from the 
transmitting antenna, the signal would decrease 
rapidly with distance and at a certain distance from 
the antenna the signal would no longer be audible. 
This point represents the end of the ground wave, 
but if one were to keep on traveling for a distance 
of several hundred miles, the signal would again be 
heard with considerable strength but with varying 
intensity. The area where the signal is again heard 
represents the zone of the first reflection from the 
ionosphere. The distance from the transmitter to 
the point where the sky wave signal comes back to 

♦ It was one time believed that in the case of multiple 
hops that failure of propagation at any one of the ionosphere 
reflection points would cause failure of propagation alto¬ 
gether. However, it has been observed that propagation 
does not fail in many cases until the ionosphere at ''control 
points,” from each end of the path, fail to support the trans¬ 
mission. This results from the radio wave exciting scatter 
sources in the E layer while the wave is traveling to the F 
layer and on its way down after being reflected. A detailed 
discussion of ''control points” and "short” and "long” scatter 
arc beyond the scope of this text. See National Bureau of 
Standards Circular 462 for full explanation. 
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earth by reflection is termed skip distance. It is 
defined as the minimum distance at which radio 
waves of a specified fre(|uency can be transmitted 
at a specified time by means of reflection from the 
ionosphere. Reflected waves arc freciuently re¬ 
ceived at smaller distances by sporadic and vseattered 
reflections. 

In the ca.se of stations operating on lower fre- 
(juencics, such as in the broadcast and police bands 
(5.S0 to 2500 kc), the sky wave returns to earth 
within the outer limits of the ground wave and the 
resulting interference results in limiting the pri¬ 
mary coverage of the station. This is shown 
graphically in Figure 16-15. The presence of the 
sky wave within the ground wave range is made 
evident by fading and occasional distortion of the 
signal. The effect is more pronounced during the 
dark hours, since during the daylight hours the E 
layer, at standard broadcast frequencies (550 to 
1600 kc) is so heavily ionized that most of the 
energy in the sky wave is absorbed. After dark, a 
de-ionizing process takes place and the layer is of 
the correct detisity to cause reflection. 

16-lOc. Maximum Usable Frequency, Critical 
Frequency —I'he higher the frequency of the 
radio wave, the less is the bending of the wave in 
the ionosphere. Some waves of quite high fre- 
cjiiency completely penetrate the layer and do not 
return to earth. The reflected wave of high fre- 
(jueiicy, owing to its lesser degree of bending, re¬ 
turns to earth at a greater distance from the trans¬ 
mitter than a wave of lower frequency. There 
also a limiting frequency; the wave highest in fre¬ 
quency which is bent back but in such a direction 
that it misses the earth^s surface and returns into 
the layer, continuing on its way until is is com¬ 
pletely dissipated. The highest frequency that re¬ 
turns to earth over a given path is the “maximum 
usable frecjuency.” The highest frequency that is 
returned to earth from a wave striking the ionsphere 
at vertical incidence is the “critical frequency” for 
the layer under consideration. 

Lowest Useful High Frequency, The strength 
of a radio wave decreases as the distance from the 
transmitter is increased, due to absorption of the 
energy in the wave and the spreading out of the 
wave with distance. Eventually a point is reached 
for a given frequency and power when the energy 
is too weak to render satisfactory service. This 
distance is known as the distance range of the trans¬ 
mitter for the particular frequency in use. Since 
the absorption of radio waves in the ionosphere is 
greater, the lower the frequency, sky waves of a 
frequency lower than one that is just capable of 
producing satisfactory service will either render un¬ 
satisfactory service or not he heard at all. The 
lowest frequency capable of producing satisfactory 
service is termed the lowest useful high frequency. 

16-lOd. Scattering —In the foregoing discus¬ 
sion, mention has been made of a zone lying be¬ 
tween the end of the ground wave and the point 


where the sky wave first returns to earth. This is 
a zone in which no signal is heard. However, 
even though the signal cannot l)e heard in this zone, 
a very small amount of the radio waves energy is 
present, but it is usually completely masked by noise 
and far below the sensitivity of detection devices. 
Some of the radiations from the antenna, instead 
of being gradually bent back to earth from the 
ionosphere, are reflected downward at various an¬ 
gles from the regions of reflection in the layer, 
producing an effect known as scattering. The sig¬ 
nal energy from scattering is sometimes sufficient 
to make reception ])ossible in the .skip-distance zone, 
but in general ii- w(‘ak and irregular. This phe- 
notnenon, in the ense of light waves from the sun, 
accounts for the blue color of the sky in daytime. 
If the earth possessed no atmosphere, the only sun¬ 
light waves reacliing it would be directly from the 
direction of the sun. and the sun would appear as 
a bright disc in a black sky. However, since the 
sunlight is scattered in the atmosphere, it appears to 
reach the earth from all directions, resulting in the 
familiar blue color of the sky. 

Scattering sometimes occurs when a reflected 
sky wave strikes the earth and the energy is again 
propagated in all directions as from a transmitting 
antenna. 

16-lOe. DF Bearing Errors Caused by Scatter¬ 
ing —The strength of scattered signals is uncer¬ 
tain. Moreover, the bearing of the transmitter as 
determined by a high-frecjuency direction finder will 
be much in error wdien scattering is present, if a 
hearing can be determined at all. Generally, no 
well-defined null can be obtained on a direction 
finder employing an aural null system, and the pat¬ 
tern on a cathode-ray indicator of a visual direction 
finding system will be distorted and transient in 
nature. 



Fig. 16-16. Determination of virtual height of layer. 


16-lOf. Ionospheric Measurements —An analy¬ 
sis of the recordings of radio signals reflected from 
the ionosphere permits determination of the number 
of layers, the height of the individual layers, their 
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density, and many other important factors that influ¬ 
ence radio wave propagation. For example, the 
virtual height of a layer is measured by transmitting 
a radio signal from point A in Figure 16-16 to a 
point F. In this case, both the ground wave and 
the sky wave are recorded and the difference in 
time of arrival measured. Since the time differ¬ 
ences are mere thousandths of a second, the signal 
is a very short pulse. In this case» the difference 
between the distance (AE-h EF) and AF is found 
by multiplying the measured time difference by the 
velocity of the signal. From this, and the known 
distance. AF, the virtual height, H, is calculated. 
In practice, measuring equipment is calibrated di¬ 
rectly in kilometers virtual height rather than time 
differences. Measurement of the critical frequency 
is determined by sending radio signals to the iono¬ 
sphere at vertical or nearly vertical angles in the 
manner described above, repeating the determina¬ 
tion at increasing frequencies until the signals are 
no longer received back from the layer. The high¬ 
est frequency at which waves sent vertically up¬ 
ward are received back from the layer is the critical 
frequency of that layer. The critical frequencies 
vary diurnally, by season, and year to year with 
sunspot cycles. 

From these determinations at any given time, it 
is possible to calculate the upper limit of radio fre¬ 
quency that can be transmitted over any distance 
and, conversely, the minimum distance for any fre¬ 
quency. The calculated values of maximum usable 
frequency are found to agree with direct observa¬ 
tions of radio transmission over such distances. 
The best frequencies to use are slightly less than the 
maximum usable frcriucncy. 

The U. S. Bureau of Standards issues monthly 
reports on the conditions of the ionosphere, which 
includes average data for the month on the virtual 
heights and critical frecjuencies of the ionosphere 
layers, variation and other data, including minimum 
and maximum phases of the sunspot cycle. Special 
reports are also issued, advising of ionosphere 
storms and sudden disturbances which at times are 
of such intensity as to paralyze radio communica¬ 
tion on high freciuencies. These periods are re¬ 
ferred to as ‘Tade-outs” or “drop-outs.^* 

16-1 Og. Absorption —Radio waves, when pass¬ 
ing through the ionosphere, start ions in motion. 
These moving ions collide with the air molecules 
and dissipate the energy they contain. This absorp¬ 
tion of the energy from a radio wave is an impor¬ 
tant factor in limiting radio transmission. The 
energy absorbed from a radio wave is greater tlie 
deeper the penetration of the waves into the ionized 
layer and the greater the density of ions and air 
molecules in the layer. Higher frequencies are 
less affected by absorption than are lower frequen¬ 
cies, for waves passing through the same layers. 
Absorption or attenuation of a wave is especially 
great in the day time and occurs mainly in the 
lower layers, such as the D and E layers. Much of 


this low-layer absorption disappears with the de^ 
crease of low-layer ionization at night. 

16-lOh. Absorption in the Auroral Zones- 

North of latitude 50® there exists the auroral zone: 
where visible aurora is most prevalent. In these 
regions, abnormally high absorption of radio wave 
energy takes place. Radio waves passing through 
the auroral zones are characterized by lower signal 
intensity and more fluctuations than signals passing 
through other paths. The absorption of radio- 
wave energy is very great, especially during the 
daylight hours in these zones. 

During periods of severe and prolonged iono¬ 
sphere storms, which occur frequently, increased 
absorption occurs and a drop in the ionization of 
the higher layers of the ionosphere takes place. 
Consequently, the lowest useful high frequency is 
raised and the maximum usable frequency lowered, 
the net result being a narrowing or complete dis¬ 
appearance of the band of useful frequencies. It is 
not unusual for long distance transmissions to be 
impossible on all high frequencies for a day or more 
at a time, and to be erratic and only partially re¬ 
covered in a small portion of the frequency spec¬ 
trum for as much as a week. Observation indicates 
that the northern band of severe radio-wave energy 
absorption is a relatively sharp one, centered slightly 
to the south of the northern line of maximum 
auroral activity. Radio waves passing outside of 
this band are affected to a much smaller extent by 
this absorption. 

It has been observed that some paths which are 
similar except for direction, seem to display differ¬ 
ent propagation characteristics. For example, in 
parts of Greenland the European high-fre(]ucncy 
stations on about 9 to 15 me are heard much better 
than United States stations at similar distances and 
frequencies. Also, while transmission across the 
auroral zone between the United States and Green¬ 
land is unfavorable for the st.'indard broadcast fre¬ 
quencies (550 to 1600 kc), United States stations on 
these frequencies are received well in northern Can¬ 
ada and Greenland during the winter night. Not 
enough is yet known about the auroral zone to ex¬ 
plain such effects fully. 

16-lOi. Fade-outs —Mention has been made of 
radio fade-outs during which communication cir¬ 
cuits over certain parts of the world are disrupted 
due to sudden ionospheric disturbances. The gen¬ 
erally accepted theory is that solar flares from the 
sun set up radiations that pierce the normal layers 
of the ionosphere and that these penetrations create 
temporary absorption regions in the normal path of 
the radio wave. The temporary absorption may 
produce a complete or partial fade-out, depending 
upon the solar eruption. When the flash subsides, 
the abnormal absorption disappears and the circuits 
are restored to normal. During the period of such 
storms, communications can frequently be main¬ 
tained by lowering the frequency. These storms 
are most severe in the auroral latitudes and decrease 
in intensity as the equator is approached. 
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16-lOj. Fading —When observing the charac¬ 
teristics of the ground-wave signal of a radio sta¬ 
tion either aurally or by means of a field intensity 
meter, the signal intensity will be observed to be 
quite stable until the outer limits of the ground 
wave are reached. At this point, the signal may 
become quite unstable, fluctuating up and down in 
intensity. The fluctuations may be rapid and may 
appear in almost recurrent cycles. This phenome¬ 
non is known as fading and is especially noticeable 
at night on frequencies extending from 500 to 2000 
kc and at distances in the order of a few tens to 
several hundreds of miles from the transmitter. 

Fading at the outer limits of the ground wave of 
standard broadcast stations is caused by a signal 
combination of the steady ground wave and the 
reflected sky wave from the ionosphere, wdth the 
voltages varying in and out of phase. When the 
sky-wave signal is opposite in phase to the ground- 
wave signal, voltage reduction of the signal strength 
occurs and the magnitude of the resulting signal is 
dependent upon the relative magnitude of the sky 
wave and the ground-wave signals. If the two sig¬ 
nals are of the same intensity and 180° out of phase, 
complete cancellation of the ground-wave signal 
occurs. When in phase, the resultant signal is 
twice the intensity of the ground-w^ave signal. In 
the case of modulated waves, such as the signal 
from a standard broadcast station, selective fading 
usually occurs. In this case, the carrier and the 
sidebands both experience fading effects, but due 
to the difference in frequency, the degree of fading 
is different for the carrier and for each fretpiency 
in the sidebands. This results in brief periods of 
badly distorted reception, similar to that experi¬ 
enced from extreme overmodulation. 

In the case of sky waves, two or more waves 
entering the layer at different angles may be re¬ 
fracted in such a manner that they eventually arrive 
at the same point of rccei)tion. Owing to their 
varying phase relationship, they produce a similar 
effect to that described above on the total signal 
intensity. If the two waves are in phase, the signal 
intensity increases; if in phase opposition, down¬ 
ward fading occurs. Lateral deviation of a signal 
from the normal path may also cause fading. 

Many devices have been resorted to for the pur¬ 
pose of overcoming fading, for example, automatic 
volume control circuits and diversity reception. Di¬ 
versity reception is accomplished by arranging re¬ 
ceiving antennas in such a manner that the signals 
of two or more antennas, one of which for a moment 
may be receiving little energy and another consider¬ 
able energy, are fed into a common receiver system 
which electronically selects the antenna receiving 
the strongest signal. 

16-11. Interference —Interference to radio re¬ 
ception falls into two classifications, namely, atmos¬ 
pheric and man-made. Broadcast listeners are 
prone to call all forms of interference '‘static.” At¬ 
mospheric interference is rightfully termed static 
and results from the discharge of electrons in the 


form of lightning between clouds or between clouds 
and the earth. Man-made interference originates 
from many sourcCvS involving the use of electrical 
apparatus and machinery. Whenever an electrical 
circuit is interrupted or closed, as, for example, by 
the commutator of a motor, relay, thermostat, or 
telephone dial, an electrical discharge occurs and 
causes the radiation of electromagnetic waves hav¬ 
ing no well (lelined wave length. They are of the 
damped-wave type already mentioned. Damped 
waves radiated by the ignition svstem of an auto¬ 
mobile as the result of the discharge across the 
spark plugs produce a wide band of interference 
at frequencies from 13 to 100 me. 

Man-made interference also originates from de¬ 
vices that generate radio frequency currents as, for 
example, diathermy machines and radio-frequency 
furnaces. 1'he ladiatinn of interfering signals in 
these cases is incidental to the primary function of 
the cq lipment. However, the effects are serious, 
as appreciable energy may be radiated. The radi¬ 
ation from diathermy machines and radio-fre(iuency 
heaters on high frequencies in many cases may 
cause serious interference to radio services over 
great distances. 

The elimination or suppression of interference re¬ 
quires special treatment according to the nature of 
the case. Sometimes relief can be secured by re¬ 
sorting to special receiving antennas, by shielding 
the offending device, or by the apjdication of filters 
to the power lines supplying power to the apparatus. 

‘iVecipitation static” is a term used to designate 
a form of interference often experienced by a ship 
or aircraft moving through rain, hail, or dust clouds. 
In the case of aircraft, it charges the body of the 
ship, and corona - discharge breaks out at a sharp 
point, causing interference. It is eliminated by 
dissipating the charge on the plane through a re¬ 
sistance of approximately 100,000 ohms made in the 
form of a five-foot length of graphite-impregnated 
rubber-covered rope trailing from the craft. 

Since the static originating from corona has a 
much stronger electrostatic than electromagnetic 
field, the use of an electrostatically shielded loop for 
reception will discriminate against the electrostatic 
field and respond to the magnetic field, thereby mini¬ 
mizing the interference. 

16-12. Propagation of Very High Frequencies 
and Microwaves —Thus far in this chapter, dis¬ 
cussion in general has been confined to radio waves 
that travel horizontal to the earth such as ground 
waves and radio waves that are radiated at various 
angles above the horizontal from an antenna and 
are reflected from the ionosphere at various dis¬ 
tances from the transmitter as sky waves. The fre¬ 
quency of the waves involved in these discussions 
extends from 13 kc to approximately 50,000 kc, 

2 When extremely high voltages exist in an electrical 
conductor, the air surrounding the conductor becomes ion¬ 
ized. When the voltage gradient on the surface of the 
conductor exceeds a certain value, an electrical discharge 
in the form of a glow of colored light takes place. This 
is known as corona. 
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We now discuss the propagation characteristics of 
very high frequencies and microwaves, the useful 
range of which is limited to the optical path or a 
few miles beyond the first horizon. It will be 
shown that under certain conditions the reception of 
very-high-frequency waves may take place hundreds 
of miles beyond the optical range. 

16-12a. Optical Path —Since the ionospheric 
layers do not reflect the frequencies above 50 me, 
except under unusual conditions and periods of un¬ 
certain duration, the utility of these waves is con¬ 
fined to their optical path range, usually referred to 
as the “line- 0 f-sight*’ path of transmission. The 
optical path, or the distance an object may be seen 
in terms of its height from a point on the earth, 
can be calculated from the equation: 

d = 1.23VA 

where d = distance in statut*^ miles between point 
and object 

h = height of object in feet 

The distance from the top of the object to the 
farthest point on the earth that can be seen is re¬ 
ferred to as the horizon. 

Due to refraction (paragraph 16-4b) there is a 
tendency for very-high-frequency radio waves to be 
bent slightly back towards the earth. This has the 
effect of extending the distance that the radio wave 
can be transmitted beyond the optical horizon (see 
paragraph 16-12d). The above equation, corrected 
for refraction, and applicable to very-high-frequency 
radio waves becomes d = lAly/h, If the receiving 
antenna is also at an elevation, the same eciuation 
may be applied to determine the horizon for the 
receiving antenna; this added to the horizon for the 
transmitting antenna gives the maxiiimm distance 
over which very-high-frequency communication can 
be accomplished for the transmitting and receiving 
antennas involved. 

16-12b. Surface Wave and Space Wave— It 

can be shown that the received signal over the opti¬ 
cal range is the resultant of a direct ray and a ray 
reflected from the ground as shown in Figure 16-17. 



Fig. 16-17. Diagram showing both the direct and 
ground reflected paths by means of which energy may 
travel from transmitting to receiving antennas. 

In most cases, the reflected ray impinges upon 
the ground at nearly grazing incidence and is usu¬ 
ally reflected at high efficiency with a 180® phase 
reversal. Consequently, the direct ray and the re¬ 


flected ray arrive at the receiving antenna at equal 
intensity and out of phase. The actual phase differ¬ 
ence between the two rays depends upon the height 
of the transmitting and receiving antenna and the 
nature of the intervening ground. The direct wave 
and ground-reflected wave do not include any por¬ 
tion of the wave reflected from anything other than 
the ground. It is, therefore, exclusive of iono¬ 
spheric and tropospheric waves. 

In general, the surface or ground wave is a negli¬ 
gible component at these frequencies. At lower 
frequencies, the surface wave plays the dominant 
role and is responsible, for example, for all of the 
primary service which is furnished by stations oper¬ 
ating in the standard broadcast band between 550 
and 1600 kc. The fact that space waves rather than 
surface waves play the dominant role at very high 
frequencies is responsible for the marked difference 
in the characteristics of their propagation as com¬ 
pared to those at lower frequencies. 

16-12c. Components of Radiation—In general, 
irrespective of the freijuency, there will be three 
identifiable components in the radiation field of a 
high-frequency antenna—namely, the direct wave, 
the ground-reflected wave, and the surface wave. 
The direct wave is the wave traveling directly be¬ 
tween the transmitting and receiving antennas so 
far above the earth that the ground no longer affects 
the transmission; as, for example, in transmission 
from one aircraft to another. The ground-reflected 
wave is the wave reflected at the ground before 
reaching the receiving antenna, as shown in Figure 
16-17. The combination of the direct and ground- 
reflected waves is called the space wave. 

The intensity of the ground-reflected wave may 
be measured by varying the height of the receiving 
antenna and measuring the variations in the inten¬ 
sity of the space waves, which are caused by the 
interference between the direct and the ground- 
reflected waves. The interference of the two waves 
produces maxima and minima values in the field 
intensity, since the direct and ground-reflected 
waves at certain distances are in phase and thus 
produce the maxima values; at other distances, they 
are out of phase and would cancel each other com¬ 
pletely, except for the fact that the ground-reflected 
wave is weaker since it has traveled a greater dis¬ 
tance and has in addition suffered some loss in 
energy on reflection from the ground. 

The surface wave may be separately measured by 
placing both the receiving and the transmitting an¬ 
tennas at the earth's surface. When this is done, 
the $pace wave drops out because the direct and 
ground-reflected waves have an equal intensity and 
differ in phase by 180® (the ground-reflected wave 
suffers a 180® phase change and no loss in energy 
on reflection at the ground at gracing incidence, 
irrespective of the polarization or frequency). If 
we raise the receiving or transmitting antenna, or 
both, above the surface of the earth, the following 
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effects will be observed. Initially there will be no 
change in field intensity, but as the antenna is 
raised a sufficient number of wave lengths above the 
earth (the height required depending on the fre¬ 
quency, ground constants and polarization), the field 
intensity will begin to change. The theory shows 
that the surface wave is the dominant component of 
the received field in this initial range of heights 
where the field is constant. 

As the antennas are raised higher, the field in¬ 
tensity may decrease slightly and then begin in¬ 
creasing in direct proportion to the height, or it 
may increase continuously from its surface-wave 
value upwards: these variations at intermediate 
heights arc also dependent on the frequency, ground 
constants, and polarization, and are caused by an 
interference between the surface and space waves, 
the latter no longer having a zero intensity when 
the antennas are raised far enough above the earth. 
Finally, as the antennas arc raised many wave 
lengths above the earth (which is not feasible in 
the standard broadcast band), the surface wave de¬ 
creases in intensity while the space wave increases 
in intensity and soon becomes the dominant compo¬ 
nent of the received field. Thus, excellent coverage 
at the ultra-high freciuencics results from raising 
tile antennas many w^ave lengths above the earth so 
as to utilize the space wave. 

16-12d. Ground-wave Propagation Beyond the 
Horizon —The space weaves do not stop abruptly 
at the horizon but extend a fractional distance be¬ 
yond the optical path. This can be explained by 
the optical concept of atmospheric refraction, one 
effect of w^hich is to prolong the sunset. The effect 
of refraction in bending the waves back to earth 
beyond the horizon is equivalent to that which 
would be obtained if the radius of the earth were 
increased by about 33 per cent or, we may say, 4/3 
horizon is obtained because of refraction. 

We have already learned that the velocity of 
electromagnetic waves is changed when they pass 
from a media of one dielectric constant into another 
media of different dielectric constant. In the case 
of the very-high-frequency waves, the physical pic¬ 
ture to be assumed is one in which the dielectric 
constant of the atmosphere decreases with height 
above sea level. The phase velocity of the wave in 
this medium becomes greater as the distance from 
the center of the earth increases. In the case of 
very-high-frequency waves, we are considering 
waves traveling in a substantially horizontal direc¬ 
tion. The wave front, therefore, lies in a plane 
which is nearly vertical, and since the upper por¬ 
tions travel faster than the lower, there is a tend¬ 
ency for the ray to bend slowly back toward the 
earth. This phenomenon, in its general aspects, is 
the same as that which is commonly assumed to 
explain the bending of longer waves about the earth, 
but in this case, we are concerned with that region 
of the atmosphere below one kilometer or so, where 


the ionization is negligible. Since the conditions in 
the atmosphere vary from time to time, the degree 
of refraction changes and, consequently, the inten¬ 
sity of the signal beyond the horizon changes also. 

16-12c. Multipath Transmissions —Hertz, in 
his early experiments, proved that radio signals 
could be reflected from various objects. Engineers 
and physicists have made use of this phenomenon 
for many purposes, including ionospheric soundings 
and radar. In the very-high-frequency and micro- 
wave spectrum, signals are reflected from buildings 
and natural objects, and even aircraft in flight re¬ 
flect radio signals from their surface in such a way 
that a receiving antenna may be energized as the 
result of signals received over more than one path. 
The coefficient oi a reflecting surface is approxi- 
mat»-lv the same at all frequencies (particularly in 
the range of SO to 1000 me) ; as the frctjuency is 
increased, multipath reflections will occur from 
smaller objects. The amount of energy reflected is 
proportional to the area presented to the wave 
front; cviiiscqucntly, reflections from small objects 
will be weaker. When the receiving antenna is in 
a shadow area, that is, where no signal of appreci¬ 
able magnitude is received from a transmitter over 
a direct path, energy from a reflecting surface may 
be sufficient to furnish F-M and television service. 
However, it is important to remember that in such 
an instance multipath reflections may have such 
phase and amplitude relationship as to produce di.s- 
tortion in the received signal. This is particularly 
true in the case of television, since it may result in 
the reception of several images simultaneously, but 
not in the proper phase relation. This effect is dis¬ 
cussed at greater length in the case of television 
service in Chapter 12. 

1&-12{. Effects of Terrain —Dr. Kenneth Nor¬ 
ton, in an F.C.C. hearing regarding the allocation 
of frequencies to the F-M broadcasting service, 
once stated that it was necessary to consider the 
gross effects of terrain when investigating the ex¬ 
pected field intensity at a particular receiving loca¬ 
tion or along a particular radial, pointing out that 
comparatively small systematic deviations in the ter¬ 
rain can cause relatively large variations in the ex¬ 
pected ground wave field intensity at points well 
beyond the line of sight. He also stated that it is 
believed that smaller irregularities cause the ground 
wave, as it travels along, to break up into a multi¬ 
plicity of paths, and that these waves recombine at 
any given receiving point into the resultant field 
at that point. He explained, “Quite often ground- 
wave field intensity measurements are made along 
city streets, with the transmitting antenna located 
only a little above the tops of the buildings, and 
of course, these measured fields fail to agree with 
the theoretical values calculated on the assumption 
that the transmitting antenna has an effective height 
equal to its height above the street. In this case, 
the effective height of the transmitting antenna will 
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be only slightly more than the height above the tops 
of the buildings.” 

16-12g. Troposphere Propagation of Very 
High Frequencies —Under certain conditions of 
the atmosphere, very high frequencies are capable 
of transmission over distances of several horizons. 
For the explanation of the physics of such trans¬ 
mission, we must consider another of the earth’s 
shells that lies directly above the earth and is known 
as the troposphere (see Figure 16-13). 

The troposphere extends up to about 10 kilo¬ 
meters above the earth’s surface, and in this region, 
the temperature generally decreases with altitude, 
clouds form, and convection is active. On occa¬ 
sions, a tropical air mass may move in and instead 
of the temperature decreasing at a constant rate with 
altitude, it will be found to first decrease and then 
increase as the altitude of the tropical air mass is 
reached. Such a change is referred to as a tem¬ 
perature inversion. 

As experimentation progressed to determine the 
characteristics of vcry-high-fre(|uency waves, it was 
discovered that at times, particularly during the 
summer, strong fields would be observed at receiv¬ 
ing points many miles beyond the horizon, and that 
the field intensity of the signals showed strong vari¬ 
ations and produced effects similar to fading of 
high-frequency waves. 

Ross Hull, an amateur experimenter, made some 
very interesting studies of long-distance transmis¬ 
sion and reception of very-high-frequency waves 
and showed that there is a direct correlation be¬ 
tween signal intensity and temperature inversion. 
That is, when warm air masses exist above colder 
air masses near the ground, the signals are bent or 
refracted down to earth beyond the horizon by the 
warm air and its water vapor. The bending is 
proportional to the gradient of the dielectric con¬ 
stant of the atmosphere, which in turn is propor¬ 
tional to the sum of the gradients of the dry air 
and water vapor constituting the atmosphere. 

Refraction of very high frequencies at air mass 
boundaries, i.e., tropospheric discontinuities, has re¬ 
sulted in some very unusual radio transmissions in 
the field of the amateur, F-M and VHF police 
service, as well as radar. 

During the war, on occasions, reflection from 
clouds produced false targets on low-frequency 
radars, causing much concern to responsible officers. 
In connection with weather observations, the heights 
of clouds have been measured with radar reflections. 

16-12h. Shadows —When considering the propa¬ 
gation characteristics of very high frequencies, we 
must include a discussion of the results to be ex¬ 
pected when the transmitting and receiving stations 
are on the opposite sides of a hill, or other similar 
interference exists in the optical path. In such a 
case, whether or not reception is possible at the 
receiving point depends upon several factors, such 
as the distance of the transmitting antenna to the 


obstruction, the distance of the receiving antenna to 
the obstruction, the height of the obstruction, the 
frequency employed, and the polarization of the 
transmitted wave. 

Points behind hills and ridges where the signal 
is below normal are referred to as "‘shadow areas” 
(see Figure 16-18). It is possible to find “dead 
spots” within the shadow area; however, moving 
an antenna a wave length or two, or even a shorter 
distance from the dead spot, may result in producing 
a strong signal. In other words, at these frequen¬ 
cies standing waves, made evident by points of 
maximum and minimum and even zero signal in¬ 
tensity, are prevalent. Information supplied the 
Federal Communications Commission in connection 
with its hearing on allocation of frequencies from 
10 kc to 30,000,000 kc included a report made by the 
firm of Jansky and Bailey on the effect of hills and 
trees as obstructions to radio propagation. Tests 
were conducted with low transmitter antennas, from 
19 to 29 feet above ground, located both on hills 
and in low terrain, and with propagation paths over 
1000“ and 660-foot ridges and over an 8000-foot 
mountain. The report describes propagation over 
obstructions as follows: 

“The magnitude of a wave propagated over a ridge or 
mountain is modified by two factors. First, a loss occurs 
due to the diffraction of the wave as it bends over the 
crest, and second, a gain is accomplished due to con¬ 
structive interference resulting from the increased num¬ 
ber of ray paths arriving at the receiving point. At 
locations close to each side of the ridge, the loss due to 
diffraction predominates and the field intensity is ajipre- 
ciably less than would be experienced with the trans¬ 
mitter and receiver spaced an equal distance apart with 
n<j obstruction between. However, wdien one or both 
terminals are removed a .sufficient distance from the 
obstructing ridge, the diffraction loss and the multiple 
path gain arc balanced and the field intensity is a normal 
value. At all greater distances, the field intensity will 
be even greater than the normal unobstructed value. 

“Mr. Bailey .summarized the shadow data, using for 
an example the tests made with a 1000 foot obstructing 
hill between transmitter and receiver, as follows: Di¬ 
rectly behind the hill the shadow is quite a lot deeper 
on higher frequencies, but as the receiving point is ex¬ 
tended further away, a healing effect takes place and 
the field intensity increases to a value greater than that 
which would be obtained without an intervening hill. 
...” * 

14-12i. Bursts of Signals —^While making ob¬ 
servations and recordings of certain F-M and tele¬ 
vision stations operating in the frequency range 
from 42 to 84 me at Laurel, Maryland, in 1942, the 
Field Division of the F.C.C. detected a signal in 
the form of bursts lasting for a period of a few 
tenths of a second duration and in some instances 
sustained for several seconds or longer. Recorders 
at Grand Island, Nebraska, registered signal bursts 
from a station 1400 miles away. 

The number of bursts, the intensity of the bursts, 
and the intensity of the highest bursts decreases 

8 Federal Communications Commission Docket No. 6651 
of May 25, 1945. 
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with distance, and furthermore, occur less fre¬ 
quently and are of shorter duration at 71 me than 
at 44 me. Their maximum amplitudes are about 
the same at both frequencies for a given radiated 
power. The interference effects to radio services 
occupying these frequencies have yet to be deter¬ 
mined. As reported in F.C.C. Docket No. 6651: 

“When the bursts were first identified as being some¬ 
thing other than peaks of rapidly fading tropospheric 
waves, several possible causes were advanced by those 
who had observed them, such as reflection from aircraft, 
from undulating tropospheric discontinuities, or from 
patches of ionization. A further extension of the latter 
theory was to the effect that the patches of ionization 
were caused by the passage of meteorites through the 
upper atmosphere. The ionization effects of meteors in 
connection with radio propagation at lower frequencies 
had been investigated by A. M. Skellett and J. A. 
Pierce, and the occurrence at 10 me of bursts of some¬ 
what longer duration than those at 40 to 50 me had been 
attributed to meteoric ionization by Pierce. Short- 
distance scatter effects at 10 me which consisted of 
bursts of from one half to one second duration had also 
been investigated by T. T. Eckersley and attributed to 
patchy E layer ionization. 

“During June 1944, after the agreement between the 
occurrence of meteors and bursts had been established, 
a few observations were made at Laurel in an attempt to 
obtain coincidences between bursts and visible meteors. 
Several meteors were seen, but none having a proper 
direction of flight, so that the ionized track was capable 
of reflecting the signal to the receiving point. Begin¬ 
ning on August 1, a continuous watch was kept between 
9 and 10:05 pm, E.S.T. on favorable nights by two 
or more observers at the home of one of the engineers. 
Two coincidences were observed on August 6, in which the 
meteor track was approximately transverse to the signal 
path. On August 8 and 11, two coincidences were ob¬ 
served each night in which the meteor track was along 
the plane of the signal path. The last meteor was of 
particular brilliance with a persistent visible train, and 
the signal was sustained for about ten seconds. The 
meteor was somewhat beyond the receiving point with 
sufficient inclination of the track to reflect the signal 
back at an acute angle. Had a meteor of this size with 
the proper orientation been near the center of the signal 
path, the duration would have been several times as 
great. Sustained bursts of this type appear frequently 
on the records near the times of the regular showers of 
visible meteors. 

“Bursts have also been recorded at Laurel on 71.75 me 
from television station WRGB. They are less frequent 
than at 44.3 me, of somewhat less duration on the aver¬ 
age, and their maximum amplitudes are about the same 
for a given radiated power.” 

Additional coincidences between bursts and visi¬ 
ble meteors were observed by F.C.C. engineers dur¬ 
ing 1945. 

i6-12j. Sporadic E Reflections—In addition to 
the signals which travel via the lower atmosphere 
referred to previously as the troposphere, a third 
type of signal which is reflected from patches of 
abnormally high ionization in the E layer make the 
reception of very-high-frequency signals possible 
over long distances, in fact, hundreds of miles be¬ 
yond the optical path or first horizon. Transmis¬ 
sion via reflection from sporadic E patches is not 
distributed uniformly over the entire year but is 


largely concentrated within the summer months. 
Because of the unevenness in distribution of the 
patches, the points of reception are not uniformly 
distributed. It was not uncommon in the F-M 
service (42 to 50 me band) for a station hundreds 
of miles away to take control over a local station 
when the receiving point was near the outer limits 
of primary service of the local station, or at some 
other point where the signal intensity was less than 
that of the reflected signal. Deep fading, often the 
case with sporadic E, may cause desired and un¬ 
desired signals to alternate control in rapid succes¬ 
sion. It appears from information now available, 
that the intensity of the signals reflected from spo¬ 
radic E layers decreases logarithmically with an in¬ 
crease in frequency. For a small percentage of 
time, sporadic E reflections may be experienced at 
frequencies greater than 100 me over distances as 
great as 1000 miles. 

In the auroral zones, during ionosphere storms 
there occurs strong, widespread and continuous in¬ 
tense sporadic E transmission lasting for many 
hours and resulting in considerably improved radio 
reception in certain directions and over some paths 
while the storms last. 

16-12k. F 2 Layer Reflections—It has been pre¬ 
dicted that during periods of maximum sunspot 
cycles very high frequencies, at least up to 120 me, 
will be propagated over distances ranging from ap¬ 
proximately 1300 to 2500 miles. 

Television signals on a frequency of 45 me, of 
sufficient intensity to produce pictures, have been 
observed in New York from London as a result of 
F 2 layer reflection. Obviously, transmission over 
such long paths could not be relied upon for com¬ 
munication requiring constant service, but because 
of the interference possibilities, they do present a 
problem in allocation of frequencies to various 
services. 

It has been previously stated that there are two 
ionosphere layers, which are termed the and F 2 
layers. Reflections from the F^ layer are of the 
greatest concern when considering propagation of 
radio waves above 30 me. 

The ability of the F 2 layer to reflect radio waves 
back to earth depends upon several factors, namely 
the period of the sunspot cycle, the number of sun¬ 
spots, season of the year, hour of the day, the angle 
of reflection and the frequency of transmission. 
During the maximum of the last sunspot cycle in 
1937-1938, the F 2 layer reflected signals above 40 
me at distances of several thousand miles during 
certain daylight hours of the winter months. The 
next sunspot maximum is expected about 1948-49. 
The sunspot cycles are of two opposite kinds, re¬ 
sulting in a full cycle of about 22 years. 

The Federal Communications Commission's moni¬ 
toring stations at Portland, Oregon, and San Le¬ 
andro, California, have recorded graphically a num¬ 
ber of F 2 layer transmissions in the band 42-50 me 
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from F-M stations located in the United States at 
distances ranffing from 1850 to 2680 miles. During 
the period from October 22, 1946 to March 31, 1947, 
signals exceeding an interfering level of 25 micro¬ 
volts per meter were received from 13 stations dur¬ 
ing 10414 hours. At San Leandro, California, the 
signals reached a maximum of 4.7 millivolts per 
meter. Best reception occurred between the hours 
of 11:00 A.M. and 5:00 p.m., C.S.T., and at times 
a single station could be heard continuously for as 
long as 3 hours. Numerous reports have been re¬ 
ceived from police radio services regarding inter¬ 
ference in the 30-40 me band caused by Fn layer 
transmissions from distant, low power radio sta¬ 
tions, including stations in the United States as well 
.'IS in European and South American countries. No 
Fo laver transmissions have been reported on the 
88-108 me F-M band. 

16-121. Super Refraction and Trapping— Else¬ 
where in this volume the general characteristics of 
metal wave guides and their application in conduct¬ 
ing microwaves from one place to another arc de¬ 
scribed (p. 720). As the use of radar was pushed 
up into the microwave spectrum, it was discovered 
that at times radar signals traveled far beyond the 
optical path, apparently in fairly well defined paths 
or ducts in the earth’s atmosphere, returning to the 
point of origin with less than the normal attenu¬ 
ation. Originally termed ^‘anomalous propagation,” 
this phenomenon is now generally termed 'Super 
refraction.” From these observations a theory was 
postulated that under certain nonstandard conditions 
of the atmosphere, layers or ducts are formed which 
conduct radio-fretjuency waves in the same manner 
as a wiivc guide. This phenomenon develops when 
the temperature and humidity conditions are such 
that the downward bending of a radio ray is greater 
than the earth’s curvature. A sharp decrease of 
humidity with altitude associated with a temperature 
inversion is the usual cause of an atmospheric duct. 

These atmospheric ducts exhibit the same charac¬ 
teristics as wave guides, which can conduct effi¬ 
ciently only frequencies whose wave length is 
shorter than the critical or cutoff wave length. In 
other words, as the frequency is decreased there will 
he encountered a frequency below which it will not 
he possible to transmit via the atmospheric duct. 
I^Ioreover, since these ducts act as true wave guides, 
the energy spreads only in two dimensions and the 
attenuation factor is so small that the energy does 
not decrease inversely with the square of the 
distance. 

There is also an upper frequency limit, above 
which the duct is ineffective. It is caused by the 
^ough surface of the earth which tends to scatter 
tljc energy from the surface, thus causing it to be 

lost. 

Atmospheric ducts are sometimes referred to as 
ground-based ducts, since the atmosphere forms one 
nf the boundary surfaces and the earth’s surface 


the other boundary. The effects of atmospheric 
ducts are more pronounced in the microwave bands, 
3000 me and up, but they do exist at frequencies as 
low as 20 me. 

The atmospheric ducts which are most significant 
from a radio propagation standpoint are generally 
considered to be below an upper limit of 30(X) feet. 
The type of ducts which occur on land surfaces are 
of the order of 100 to 500 feet. Consequently, it 
can be seen that the height of the antenna is an 
important consideration when it is desired to over¬ 
come the effects of trapping resulting from the 
formation of ducts. 

The angle of approach of the radio wave deter¬ 
mines whether or not it will be trapped in a duct. 
Observations to date indicate that unless the wave 
approaches the duct at an angle of one-half a degree 
or less it will not be trapped. 

A signal from an ultra-high-frequency antenna 
might ei :ci an alniospheric duct and be so trapped 
as to carry it f.ir beyond the normal optical i)ath 
and be l>ent back to earth in the service range of a 
similar station, with the possibility of interference. 
It is also possible for an aircraft flying above a 
duct of this kind to have its signals trapped, pre¬ 
venting communication with a ground station below 
the duct, even though an optical path may prevail. 
Under such conditions, the aircraft’s signals might 
be heard at an airport hundreds of miles beyond the 
optical path. The effect is not unlike the skip dis¬ 
tance phenomena experienced on frequencies much 
lower in the spectrum and, in fact, can be calculated, 
if certain meteorological conditions are known. 

16-12m. Effects of Rainfall on Microwave 
Propagation —Tests conducted by engineers of 
the Bell Telephone Laboratories disclose that rain¬ 
fall of the magnitude of a cloudburst may attenuate 
3.2 centimeter waves by as much as 5 dl) per mile, 
whereas the attenuation at this frequency is slight 
for moderate and light rainfall. 

At 1.09 centimeters, the waves are appreciably 
attenuated even by a moderate rain. Attenuation 
in excess of 25 db per mile have been observed 
during a cloudburst at this frequency. The losses 
are still higher at 0.62 centimeters, reaching a value 
of 42 db per mile during a cloudburst. 

16-12n. Complementary Diversity Reception of 
Microwaves —The Office of the Chief Signal Of¬ 
ficer in Propagation Report No. 2, by Thomas J. 
Carroll, in connection with comparative tests of 
radio relay equipment, explained the utility of what 
the engineers of the Radio Propagation Section of 
the Plans and Operations Division, termed “com¬ 
plementary diversity” reception of microwaves, a 
form of diversity reception in which a second re¬ 
ceiving paraboloid or “dish” antenna, is vertically 
spaced so that deep signal fades on one antenna 
are coincident with strong signals on the other. 
This method of microwave reception, it is stated, 
appears to have wide application to nearly all micro- 
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Fig. 16-19. Antennas employed in a test of comple¬ 
mentary diversity microwave reception. The second re¬ 
ceiving antenna is attached to a pole fifty feet lower than 
the others. (Courtesy Bell Telephone Laboratories.) 

wave radio circuits over optical paths as a scheme 
for overcoming fading caused by vagaries of 
propagation. 

Fading of microwaves over most optical paths 
results from interference of both direct and re¬ 
flected signals. I'ests conducted on fretiuencies be¬ 
tween 4300 and 4900 me disclosed that the lobe 
pattern fluctuates up and down almost continuously 
as a result of atmospheric changes over the path of 
propagation. Reflection of the microwaves from 
the ground was found to be the cause of fading on 
a 170 mile optical path over land on which the 
direct ray path cleared the land by 1000 feet in the 
standard atmosphere. Using two antennas for re¬ 
ception (Figure 16-j9) was more effective in over¬ 
coming deep fades than a ten-fold increase in power 
(10 db). 

In the discussion of vertical spacing of the lobes 
of radiation, Dr. Carroll reported as follows; 

“In transmission between two points above the hori¬ 
zon about as much signal reaches the receiver by reflec¬ 


tion from the sea or land surface as passes directly 
above the ground. When the path difference between 
the direct and reflected rays is a whole number of wave 
lengths, the two signals arrive at the receiver out of 
phase and give a very low resultant field strength, for 
the usual case where the reflected wave suffers a 180 
degree phase reversal on reflection. 

“When the path difference is an odd number of half 
wave lengths, the two signals arrive in phase and give 
a resultant field strength twice that of free space. The 
lobes are more numerous the higher the antenna and 
the shorter the wave length. Neglecting earth curva¬ 
ture, the angular spacing between lobes in radians is 
just wave lcngth/2 X antenna height. 

“In the actual atmosphere, however, the lobe positions 
cannot be presumed to be absolutely steady, for chang¬ 
ing temperature and moisture gradients in the atmos¬ 
phere change the ray paths enough to alter the path 
difference between the direct and reflected signals. 
Only a half wave length change in path difference in 
the atmosphere causes the signal to fluctuate from maxi¬ 
mum to minimum at a fixed receiver height; half a 
wave length is only 3 cm for TKC 6 frequencies. I'he 
lobes may be thought of as oscillating up and down 
somewhat as a result of small deviations of the tem¬ 
perature and moisture gradients from those in a stand¬ 
ard atmosphere. The half lobe spacing in the standard 
atmosphere is chosen for complementary diversity on 
the assumption that the spacing between the lobes will 
change only slightly as they move up and down with 
atmospheric changes. Thus, as a deep fade occurs at 
one paraboloid, the other can be expected to be receiving 
approximately a maximum signal. Aircraft flights at 
the Navy Radio and Sound Laboratory, San Dicgn, 
have shown that the signals at the minima arc 25 db 
or more less than those at the maxima of the lobes. 

For terminals near the horizon, earth curvature be¬ 
comes important in the actual spacing of the lobes, so 
that the actual spacing is larger than would be calcu¬ 
lated for a flat earth. The calculation is tedious, but it 
is expected that a simple chart can be produced ulti¬ 
mately, which will give the lobe spacing in feet directly 
when the distance and antenna heights above the re¬ 
flecting surface are known.” 

As the result of these tests, it was concluded that 
complementary diversity reception is necessary over 
all microwave paths operating over smooth reflect¬ 
ing surfaces, such as the sea, or reasonably smooth 
reflecting land, and is beneficial at times over all 
but the most rugged terrain. Furthermore, an in¬ 
crease of transmitting power is inefficient as com¬ 
pared to diversity reception to overcome the effects 
of fading over optical microwave paths. 



CHAPTER 17 

ANTENNAS 


It has long been the custom of radio textbooks 
and handbooks to approach the subject of antennas 
from the transmitting standpoint. We shall follow 
this custom, although a warning against certain 
misunderstandings that this approach may create is 
necessary. 

1. While it is easier to describe and to visualize 
the operation of the transmitting antenna, its actual 
importance is not greater than that of the receiving 
antenna. 

2. It is true that the insulation of a receiving 
antenna may be modest, since very little power is 
present. However, it is quite incorrect to believe 
that any length of wire is good enough for receiv¬ 
ing. The use of such antennas is a concession to 
cost or convenience. The “plain wire** is not a 
good collector, neither does it contribute any direc¬ 
tional effect. For both reasons it tends to give 
noisy reception. Its main merit is the ability to 
work over a wide range of frequencies, although 
at low efficiency. 

3. A good transmitting antenna is also a good 
receiving antenna: in many commercial radio cir¬ 
cuits the same specialized directional antenna serves 
both purposes. “Antenna gain” is quite as useful 
nt the receiver as it is at the transmitter. 

'i'he reader is asked to keep these comtnents in 
mind and for each transmitting antenna effect he 
may visualize the corresponding effect during re¬ 
ception. In the latter part of the chapter receiving 
is given more attention. 

17-1. Voltage and Current Distribution—An 

antenna possesses inductance, capacitance and re¬ 
sistance, which arc distributed along the wire. In 
the case of the simple ungrounded half-wave an¬ 
tenna (the Hertz antenna shown in Figure 17-1) 
the inductance is distributed fairly evenly along the 
wire. There is an end-to-end capacitance and in 
addition each portion of the wire has capacitance 
with respect to all other portions. When this an¬ 
tenna is fed by a radio transmitter, the distribution 
of current and voltage is not uniform along the wire 
but varies somewhat as shown by the curves. The 
points of greatest current or voltage are known as 
‘‘loops** and the points of zero voltage or current 
are known as “nodes.** The current and voltage 
distributions shown indicate the name half-wave 
antenna. Its uses will be amplified later. 

If one end of a vertical wdre is grounded we have 
the simplest form of the grounded (or Marconi) 
antenna, as shown in Figure 17-2a. When it is 
fed by a transmitter, the voltage and current distri¬ 


butions tend to be somewhat as shown. This is 
reasonable since grounding has made it impossible 
to produce a high voltage (voltage loop) at the 
lower end. Instead there is a current loop at this 
point, and it is a quarter-wa7>c antenna. This type 
also has practical importance. 



Kk;. 17-1. Half-wave uiiKrounded antenna. 


If the radio transmitter connected to the grounded 
antenna is operated at (about) three times the fre¬ 
quency (one-third the wave length), it is possible 
to cause the antenna to operate in the manner of 
Figure 17-2b, that is, as a thrcc-quarter-wavc an¬ 
tenna, and this is occasionally done, though such 
operation is less common than operation as in Fig¬ 
ure 17-2a or at a condition intermediate between 
Figure 17-2a and 2b. (These intermediate meth¬ 
ods require additional equipment as explained in 
Section 17-3). 

Actual antennas do not consist of a straight wire 
which touches nothing. ^J'he distribution of cur¬ 
rent and voltage is therefore further modified by 
the presence of supports, all of which add capaci¬ 
tance and resistance. To some extent they also 
change the inductance. The practical antenna de¬ 
parts from the ideal Hertz and Marconi types, par¬ 
ticularly where the lower end is near the earth or 
connected to it. In such a ca.se, as in Figure 17-2a 
or 2b, there is very considerable capacitance be¬ 
tween antenna and earth, the capacitance being 
highe.st near the ground and decreasing up the an¬ 
tenna. As the current travels up the antenna, each 
of the.se distributed capacitances is charged and the 
value of the current falls off. 

It is possible to raise the center of capacitance 
of an antenna by top-loading it with capacitance, 
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which may take the form of a horizontal wheel or 
outrigger arms. This top-loading tends to increase 
the current in the higher portions of the antenna. 

17-2. Resonant Frequency— In Figure 17-1 
it was assumed that the electrical wave length was 
twice the actual length of the ungrounded an¬ 
tenna. Similarly in Figure 17-2a the electrical 


CURRENT NODE 



Fig. 17-2a. Distribution of current and voltaic of a 
grounded quarter-wave antenna, 

wave length was assumed to be four times the ac¬ 
tual length of the grounded antenna. Actually the 
unwanted capacitances of the practical antenna, 
which were mentioned in the foregoing paragraph, 
always load the antenna so that it must be short¬ 
ened a little to work at the desired wave length. 
However, when the practical equivalent to the ideal 
antenna of Figure 17-2a has been so shortened as 
to become resonant at the required frequency, it is 
still called a quarter-wave antenna and behaves 
much like the ideal quarter-wave antenna. At its 
resonant frequency it acts as a pure resistance just 
as any tuned circuit docs, if used at resonance. A 
radio transmitter which is to feed the antenna ac¬ 
cordingly must be'designed to work into a resistive 
load. If the antenna is fed near the earth, as is 
usually the case, it is necessary to supply a large 
current at a low voltage, which is to say the antenna 
“looks like a low resistance.” It is operating at its 
fundamental frequency. 

If the exciting frequency applied to a vertical 
grounded antenna is increased only a little, the 
antenna is no longer a pure resistance; it acquires 
inductive reactance. This inductive reactance in¬ 
creases as the exciting frequency is increased and 
reaches a high value just before the exciting fre¬ 
quency becomes twice the fundamental frequency. 
Just beyond this frequency the antenna reactance 
again has a high value but is substantially capaci¬ 
tive. As the exciting frequency is increased fur¬ 
ther, this capacitive reactance decreases until the 
antenna once more acts like a resistance when the 
exciting frequency is approximately three times the 
fundamental frequency and the voltages and cur¬ 
rents are distributed as in Figure 17-2b. 


When the exciting frequency is such that the 
electrical length of the antenna is intermediate be¬ 
tween a quarter-wave and a half-wave antenna, the 
reactance is inductive. Putting it differently, if the 
antenna of Figure 17--2a were too high to w6rk 
as shown, it would not act as a resistance but as 
an inductance with resistance. It would not be 
resonant. It could be tuned to resonance by cutting 
it near the earth and inserting a series condenser. 
Such a condenser has been called a “shortening” 
condenser. If the antenna is less than a quarter 
wave it may be (electrically) lengthened by insert¬ 
ing an inductance (lengthening or base-loading 
coil). 

In the case of the half-wave antenna of Figure 
17-1 we also have resonance; the antenna acts as 
a resistance hut the ends arc at high voltage. The 
same is true of a full-wave antenna. Such an¬ 
tennas cannot be connected to earth through a low 
impedance as can the quarter-wave and three- 
quarter-wave antennas. They must (if fed from 
the end at all) be supplied with a small current at 
high voltage; in other words, the end of the antenna 
“looks like a high resistance.” 

It is seldom possible to build an antenna whose 
resistance and resonant frecjuencies are precisely 
tho.se desired. Therefore the feed equipment at the 
ba.se of the antenna is usually adjustable. In order 
to adjust it intelligently it is necessary to measure 
the antenna as de.scribcd in later sections of this 
chapter. The methods are standardized to simplify 
di.scussion between station owner and governmental 
agencies. 

17-3. Practical Importance of Vertical An¬ 
tenna Height—The grounded vertical quarter- 
wave antenna of Figure 17-2a would seem to be 
the simplest and most desirable of the entire family 
of grounded antennas. This is not invariiibly true. 
There are times, especially at long waves (low fre¬ 
quencies), when a quarter-wave vertical structure 
is too costly or (at very long weaves) altogether 
impracticable. It is then necessary to use a lower 
antenna with capacitive top loading and, perhaps, 
inductive base loading. The efficiency is usually 
somewhat discouraging. 

On the other hand, heights intermediate between 
one-quarter wave and one-half wave arc exten¬ 
sively used, mostly in the frequency range 500 to 
1700 kc, in spite of their cost. The reason lies in 
the fact that a grounded vertical antenna radiates 
equally in all compass directions regardless of its 
height, but tends to waste much of this radiation 
by sending it at high angles. This high-angle radi¬ 
ation is useless in the near-by “primary service 
area” of a station which is intended to blanket an 
area with signals, as in commercial broadcasting. 
In fact the high-angle radiation is somewhat worse 
than useless since it is eventually reflected down¬ 
ward from the “Heaviside layer” of the upper at¬ 
mosphere in an erratic manner, serving only to pro- 
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Fig. 17-2b. Distribution of current and voltage of a 
grounded three-quarter-wave antenna. 

(luce garbled signals in certain regions. The high- 
angle radiation can be reduced and the desired low- 
angle radiation increased by making the antenna 
more than one-quarter wave high. Figure 17-3 
shows the theoretical result, with the usual assump¬ 
tion of a vertical antenna not requiring supports. 
Referring to the left half of the illustration, which 
compares results for the same antenna power, it is 
seen that the higher antennas transmit more low- 
angle radiation but also that there is a limit to 
satisfactory transmission. If the antenna is made 
0.625 wave length (% wave) high, it develops a 
new high-angle output, a so-called “secondary lobe 
of radiation.” 

It will be noticed in the right half of the figure 
that antenna heights are sometimes stated in elec¬ 
trical degrees. One wave length is 360 electrical 
degrees, one-quarter wave length 90 degrees, and 
so on. 

17-4. Antenna Resistance Measurements—1 f 

the antenna resistance is known, it is possible to 
determine the efficiency of the transmitter as well 
as the antenna. The effective antenna resistance, 
which is measured in ohms, comprises three distinct 


resistances likewise measured in ohms. Tliey are 
radiation resistance, ohmic resistance, and dielectric 
absorption resistance. 

Radiation resistance is the only useful resistance 
since power expended in this resistance is instru¬ 
mental in producing the signal at a distant station. 
It is this quantity multiplied by the square of the 
antenna current that determines tlie radiated power, 
that is, the power of the radiated waves. The radi¬ 
ation resistance of an antenna depends upon the 
effective height of the antenna, its shape, and the 
frequency at which it operates. Radiation resist¬ 
ance is a maximum at the fundamental fre(|uency 
and decreases rap’dly as the antenna is loaded. The 
power delivered to an antenna is equal to the square 
of the antenna current multiplied by the effective 
resii>tance. The resistance must be measured at the 
same part of the antenna as the current. Thus it 
can be seen that the efficiency of the antenna as a 
radialo! i.^ the ratio of the power radiated to the 
power which is being fed to the antenna. If half 
the antenna input is radiated, the radiation efficiency 
is 50 percent. 

Ohmic resistance is not useful. It is the resist¬ 
ance which causes heat losses caused by the current 
flowing in the antenna wires, ground wires, and any 
other conductors comprising the antenna circuit in¬ 
cluding the earth itself. The value of this resist¬ 
ance remains virtually constant over a wide range 
of freejuencies. 

Dielectric absorption also has the effect of resist¬ 
ance since it represents another power loss. It is 
due to imperfect dielectrics within the field of the 
antenna, such as masts, guys, trees, buildings, and 
on shipboard, the funnel of the vessel. The value 
of this resistance increases in proportion as the an¬ 
tenna is loaded. Ohmic and dielectric los.^es arc 
combined and called the effective loss resistance. 

For the practical purpose of measuring the power 
input to the antenna the three resistances are com¬ 
bined and called the total antenna resistance. 



Fig. 17-3. Vertical radiation patterns for different heights of vertical wire 
antennas (sinusoidal current distribution). 
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The radiation efficiency can be expressed by the 
formula: 

Efficiency in percent = ——X 100 

Kr + Ki 

where Rr is the radiation resistance and Ri the loss 
resistance, consisting of ohmic and dielectric losses 
taken together. Hence it can be seen that if the 
radiation resistance is high compared to the loss 
resistance, the antenna efficiency will be high. 

17-5. Ground Systems —When an antenna is 
worked against ground, the ground connection al¬ 
ways introduces a loss resistance. In unfavorable 
soil this resistance may be large (30 to 1(X) ohms). 
An effort is always made to keep the resistance 
losses low. This is accomplished, generally, by 
burying wires directly beneath the surface of the 
earth and extending them as radials of e(iual length 
in all directions from the antenna, like spokes ex¬ 
tending from the hub of a wheel. In the '‘standard 
broadcast” service 120 buried radial copper wires, 
each 0,4 wave length long, are commonly employed. 
Under favorable soil conditions these wires provide 
an excellent ground connection. Sometimes wire 
screens and metallic plates are buried beneath the 
earth to make a low-resistance ground circuit. In 
certain low-frequency high-power transmitting sta¬ 
tions with very large antenna currents, a special 
type of antenna is employed to reduce the earth re¬ 
sistance further by using several ground-connections, 
each carrying a part of the total current. Such an 
antenna has a long horizontal “flat top” with several 
downleads. It is called a “multiple-tuned” antenna 
and in effect constitutes a number of separate radi¬ 
ating antennas in parallel, each having its own tun¬ 
ing inductance connected independently to earth at 
equidistant points. 

17-6. The Counterpoise —In cases where a 
buried ground system cannot be provided, a “coun¬ 
terpoise” is often substituted. A counterpoise con¬ 
sists of one or more wires usually stretched directly 
beneath the antenna but elevated above, and insu¬ 
lated from, the earth. The antenna circuit is then 
completed to earth through the capacitance between 
the counterpoise and the earth. This arrangement 
is not as efficient as a large buried ground system 
and is used only when the installation of an ade¬ 
quate buried ground is not feasible. In temporary 
installations the counterpoise may be useful. Like 
the buried radial ground system it is best when 
made of many radial wires. In extreme cases a 
high-resistance ground connection of small area 
may be aided by combining with it a moderate 
counterpoise, using two ground leads, separately 
tuned. 

17-7. Measurements of Antenna Resistance— 

There are three basic methods of measuring the 
resistance of an antenna. They are termed the 
variation, substitution, and bridge methods. These 
three methods are acceptable for measuring the total 


antenna resistance of a standard broadcast antenna 
in accordance with the F.C.C. requirements. They 
are applicable to other grounded antennas. The 
apparatus required includes: 

(a) Radio-frecjuency generator to cover the fre¬ 
quency range necessary, power SO watts or required 
power when using bridge method. 

(b) Wavemeter for broadcasting frequency; ac¬ 
curacy 0.25 percent. 

(c) Decade resistor having steps of units, tens 
and hundreds ohms resistance, or equivalent; accu¬ 
racy, 1.0 percent. 

(d) Radio-frequency galvanometer or milliam- 
meter of approved type; accuracy 2.0 percent. 

(e) Approved tuning condenser of approximately 
0.001-^f capacitance and tuning inductance approxi¬ 
mately 60 mh. 

(f) Suitable bridge if this method is used. 

17-7a. Measurement of the Resistance of Di¬ 
rectional Antenna Arrays —The broadcast trans¬ 
mitter is not usually satisfactory for use as the 
source of radio frequencies. Another oscillator of 
adjustable frequency should be used. The maxi¬ 
mum power dissipated in the antenna while making 
measurements should not be over 10 percent of the 
power available from this radio-frequency generator. 

An accurate determination of the antenna resist¬ 
ance can only be made by taking a series of meas¬ 
urements, each at a different frequency. From 10 
to 12 resistance measurements covering a band 40 
to 60 kc wide and centered on the assigned operating 
frequency must be made to give data from which 
accurate results may be obtained.^ The values 
measured should be plotted with frequency as ab¬ 
scissa and resistance in ohms as ordinate and a 
smooth curve drawn. The point on the ordinate 
where this curve intersects the operating frequency 
gives the value of the antenna resistance. 

Licensees of broadcast stations authorized to 
employ directional antenna systems desiring to de¬ 
termine the operating power by direct measurement 
of the antenna power can determine the resistance 
by the following method: 

Measure the resistance at the point of common 
radio-frequency input to the directional antenna 
system. The following conditions and procedure 
obtain: 

(a) The antenna shall be finally adjusted for the 
required field pattern. 

(b) The reactance of the antenna at the operat¬ 
ing frequency and at the point of measurement 
shall be adjusted to zero or as near thereto as 
practical. 

(c) A suitable radio-frequency bridge or other 
device shall be employed to determine the resistance 
and reactance at the point of common radio- 
frequency input in the same manner as set forth 
above for a single antenna. 

1 Assuming the assigned frequency to be in the 500-1600 
kc range. 
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(d) Resistance and reactance measurements at 
approximately 5, 10, 15, and 20 kc on each side of 
the operating frequency shall be made. The values 
measured shall be plotted and the resistance at the 
operating frequency determined in the same manner 
as for a single-element antenna. 

fe) A permanently installed antenna ammeter 
shall be placed in each element of the system as 
well as at the point of measurement of resistance, 
with the remote reading ammeters located in the 
transmitter room. The application for authority to 
determine power by the direct method shall specify 
not only the current at the point of resistance 
measurement for the authorized input power {I-R 
in accordance with section 3.54 of the Rules Gov¬ 
erning Broadcast Stations, see Chapter 20 and (f) 
below) but also the current of each element of the 
system when adjusted for the required pattern and 
for the authorized operating power. 

(f) The license for a station of power of 5 kw, 
or under, which employs a directional antenna and 
determines the power by the direct method, vNill 
specify the antenna resistance as 92.5 percent of 
that determined at the point of common input in 
accordance with the above. Tlie resistance speci¬ 
fied for stations of a power over 5 kw will be 95 
percent of that determined at the point of common 
input. 

17-7b. The Variation Method—The variation 
method of antenna resistance measurement is ac¬ 
complished by in.serting a standard or known value 
of non-inductive resi.stance in series with the an¬ 
tenna and ground and noting the change in the 
reading of the antenna current ammeter. The cir¬ 
cuit arrangement for such a measurement is shown 



I 


Pig. 17-4. Arrangement for antenna resistance measure¬ 
ment by the variation method. 


in Figure 17-4. It will be noted that the antenna 
coupling and loading inductance (if used) are in 
the circuit also a variable condenser to permit 
measurements above as well as below the funda¬ 
mental frequency of the antenna. The shielded 
terminal of the condenser should be connected to 
the ground. 

In order to measure the resistance at the funda¬ 
mental frequency of the antenna the natural period 
of the antenna system must be found. This is done 
by connecting the antenna directly to the ground 
or counterpoise. If a grid current milliammeter is 
included in the driver circuit a pronounced dip of 
the needle will be indicated when the driver is in 
resonance with the natural freiiuency of the an¬ 
tenna system. If an antenna milliammeter is in¬ 
cluded in the antenna circuit it should indicate its 
maximum deflection when the grid meter makes its 
lowest dip. The deflection of the grid meter should 
be gradual as resonance is approached on either 
side. V very sharp dip of the needle with a sudden 
return to its normal position indicates too close 
coupling between driver and antenna circuit. The 
coupling should be further loosened until there is 
absolutely no reaction between the two circuits. A 
powerful driver separated by several feet from the 
antenna is necessary if accuracy is desired. 

After determining the fundamental frequency of 
the antenna its resistance at this freciuency can be 
measured. 

The antenna circuit at resonance is noted and 
then the known resistance is put in series with the 
circuit and the antenna current read again. The 
power output of the oscillator should not be dis¬ 
turbed when the known resistance is inserted in 
the circuit. Tlic antenna resistance in ohms is ob¬ 
tained from the formula. 



wdiere is the antenna current with the known 
resistance short-circuited or out of the circuit, and 
is the antenna current with R^ in the circuit. 

Having determined the resistance of the antenna 
at its fundamental or natural period the loading 
and coupling inductors and tuning condenser should 
be tied-in and a measurement made at the operating 
frequency. Measurements should be made at 5-kc 
intervals, 30 kc above and below the operating 
frequency. 

Extreme care should be exercised to prevent ener¬ 
gizing the antenna at points other than at the cou¬ 
pling coil such as might happen if the oscillator is 
improperly shielded or if stray capacitances exist 
between the coupling link and the antenna circuit. 

Laport has described a variation resistance meas¬ 
urement procedure * which permits a high degree of 

Laport “Influence of Stray Capacitance.” Proc. 

May, 1934. 
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accuracy and permits the operator to determine if 
stray capacitance exists between the measuring 
circuit and ground. The circuit arrangement is 
shown in Figure 17-5. 



Fk;. 17-5. Two-resistor method of antenmi resistance 
measurement. 


17-7c. Alternate Variation Method —Two stand¬ 
ard resistors are required. The tuning condenser 
should be a precision calibrated condenser for re¬ 
actance measurements according to Federal Commu¬ 
nications Commission's requirements. The shielded 
terminal of the condenser should be connected to 
Ro- Measurements are made as follows: Ri and 
are set at zero resistance. The circuit is tuned 
to resonance by the condenser as evidenced by 
maximum antenna current. Some adjustment of 
the exciting voltage may be necessary to obtain a 
convenient deflection of the ammeter. When exact 
resonance is found, known values of resistance Ri 
are cut in and the antenna current noted and the 
resistance computed from the formula shown in the 
description of the first method. Then Ri is set at 
zero resistance and similar measurements made 
using there is no appreciable stray capaci¬ 

tance between the measuring circuit and ground the 
resistance values given by R^ will agree with those 
obtained using Ri, but if there is an appreciable 
amount of stray capacitance, the two sets of meas¬ 
urements will not agree. The arrangement of the 
instruments should then be changed and measure¬ 
ments made until the two are in substantial 
agreement. 

The truest results will always be obtained by 
using resistance Ri and the final measurements 
made with this resistance. 


The reactance of the circuit at the point where 
the resistance was measured can be determined from 
the calibration of the condenser at the resonance 
setting or 

2irfc 

where / = resonance frequency and c the capaci¬ 
tance of the condenser at resonance. 

When an inductance is also used in the measur¬ 
ing circuit, the net resultant reactance of the tuning 
elements will be equal to the antenna reactance. 

Considerable care is necessary when making 
measurements of high impedance antennas, especi¬ 
ally those close to a half wave. 

i7-7d. Substitution Method —Measurements of 
an antenna resistance by the substitution method as 
the name implies consists of the substituting for 
the antenna an artificial antenna, comprising induc¬ 
tance or capacitance and resistance. The induc¬ 
tance employed to couple to the transmission line or 
final amplifier and any inductance necessary for 
loading should be used in the antenna circuit, 
thereby permitting a more accurate determination 
of the total antenna resistance. It is assumed that 
the antenna is resonant at the working frequency. 
Since at resonance the reactance has been made 
equal to zero by use of the antenna tuning means, 
only resistance remains and therefore the dummy 
circuit may also consist of a pure resistance. 

A radio-frequency generator variable in fre¬ 
quency and with at least 50 watts output is required 
to drive or energize the dummy circuit. The circuit 
arrangement of apparatus is shown in Figure 17-6. 



Fig, 17-6. ArranRemcnt for antenna resistance 
ineasuretnent by substitution method. 

It is imperative when making measurements that 
the apparatus be arranged so that no energy is cou¬ 
pled into the antenna circuit by stray capacities, 
otherwise, erroneous results will be obtained. In 
particular the oscillator must be well shielded so 
that stray coupling between the antenna and oscil¬ 
lator tank circuit is small as compared with the 
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direct coupling employed to energize the antenna. 
The antenna energizing current should be as high 
as practicable for a given oscillator. This precau¬ 
tion is particularly important if the oscillator does 
not possess adequate shielding. 

It will be noted in the requirements stipulated by 
the Federal Communications Commission that a 
wavenieter is required having an accuracy of 0.25 
percent. The wavemeter, either of the absorption 
or heterodyne frequency type is required to adjust 
the driving oscillator to the operating frequency 
and the other frequencies both above and below the 
operating frequency, at which additional measure¬ 
ments are required. 

The resistance at the operating frequency is de¬ 
termined by adjusting the oscillator or driver to the 
operating fre(|uency and coupling the output to the 
antenna circuit and recording the antenna current 
as /fl. The antenna and ground are disconnected 
and the antenna inductances connected to the cali¬ 
brated variable condenser C and resistance H. The 
output of the oscillator is kept constant and the 
condenser adjusted until the dummy circuit is reso¬ 
nant at the operating frequency as determined by 
the wavemeter. The resistance H Is then varied 
until the ammeter current is the same value as that 
when the antenna and ground were connected. The 
value of the resistance is then equal to the antenna 
resistance and the reactance of the antenna is equal 
to the dummy condenser reactance. 

17-7e. Other Use of Dummy Antenna —The 
dummy antenna circuit is also useful for testing 
purposes without the necessity of radiating a carrier 
wave. To find the antenna current when 500 watts 
of power are delivered to an antenna having a 
rcsi.stance of 10 ohms, substitute in the formula 


/a = 



or 


/a = 

where P = 


10 

Desired antenna power 


or la = 7.07 amperes 


Pa — Antenna resistance 
la = Antenna current 


Another example of the use of these values is as 
follows: Suppose it is desired to adjust the same 
transmitter to 750 watts output at the same wave¬ 
length. The transmitter should be adjusted until 
the dummy antenna current is 8.66 amperes. 



Jo = 8.66 amperes 


IVoof: Watts in antenna ^ P X P 

Watts in antenna = 8.66* X 10 
Watts in antenna = 749.9 


If 750 watts were put into the antenna and 450 
watts were shown as energy lost by radiation the 


remaining 300 watts would be dissipated in heating 
the wires, ground connection, dielectric absorption, 
and by eddy currents induced in nearby wires and 
metal masts. 

The artificial or dummy antenna built-in modern 
broadcast transmitters is also useful for making 
modulation tests and frequency runs. 

17-8. Service Areas of Standard Broadcast 
Stations —The “Standards of Good Engineering 
Practice” of the Federal Communications Commis¬ 
sion recognize three kinds of service areas for the 
several classes of standard broadcast stations oper¬ 
ating in the band 550-1600 kc. These are, namely, 
primary, secondary and intermittent. 

Primary service area (area of high dependa¬ 
bility) results from the ground-wave signal having 
a sufficient level above noise and also above inter¬ 
fering sky-vvave signals due to high-angle radiation 
either from other stations or from the station's own 
antenna system. Hence, every effort is made to 
choose a radiating system that will jiropagate the 
most energy along the ground and the least at high 
angles. In so doing, radiation which might be re¬ 
flected from the ionosphere is suppressed, and hence 
fading within the primary service area is reduced. 
In addition the field intensity along the ground for 
a given radiated power is greater than it would be 
in the case where radiation is distributed over many 
angles above the horizontal. 

Vertical antennas permit obtaining the best pos¬ 
sible ground wave coverage in the broadcast service 
and, by proper choice of the antenna, fading at 
short distances is minimized. (See Section 17~3 of 
this chapter.) Vertical antennas can also be used 
in combination to establish directional service areas 
and thereby provide protection to other stations. 

Sky-wave signals provide a secondary service 
area and, in the United States, protection to such 
service areas is provided for clear channel stations. 

The “Standards of Good Engineering Practice” 
recognize that secondary service is delivered in the 
areas where the sky wave for 50 percent or more 
of the time has a field intensity of 500 microvolts 
or greater. The secondary service is necessarily 
subject to some interference and extensive fading, 
whereas the primary service area of a station is 
subject to no objectional interference or fading. 

The intermittent service rendered by the ground 
wave of a standard broadcast station begins at the 
outer boundary of the primary service area and 
extends to the value of signal where it may be con¬ 
sidered as having no further service value. The 
noise level, fading, and interference from other 
stations are determining factors with respect to the 
area of the intermittent service.® 

8 The “Standards of Good Engineering Practice” con¬ 
cerning Standard Broadcast Stations (550--1600 kc) are ob¬ 
tainable from the U. S. Government Printing Office and 
furnish detailed information on the classification and service 
areas of broadcast stations. 
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17-4). Standard A-M Broadcasting Antennas— 

In the Standard Broadcast Service operating be¬ 
tween SSQ-1600 kc per second, antennas are usually 
of the metal tower type, either guyed or self- 
supporting. The height of the tower is related to 
the wave length as briefly explained in Section 17-3, 
which is to say the height is inversely related to 
frequency. Some broadcasting station antenna 
towers have a uniform cross section^ whereas others 
are tapered or flared at the base. The shape of the 
tower determines the current distribution and conse¬ 
quently is a factor in determining the efficiency of 
the antenna as a radiator. The efficiency of the 
tower as a radiator is improved by keeping the 
maximum current high. Since a tower having a 
uniform cross section approximates a vertical wire 
antenna, its efficiency will be somewhat higher than 
a tower of the tapered or flared base type. 

17-9a. Electrical height of vertical antennas— 
It is customary to refer to the physical height of 
a vertical broadcasting antenna in electrical degrees 
(360® equal one wave length). In the case of a 
quarter-wave (90°) antenna comprised of thin wire 
without supporting structure the electrical height is 
the same as the physical height. The physical 
height then is computed from 


where h = electrical height or actual physical height 
of a quarter-wave radiator in feet, assuming the 
waves travel at the velocity of light, and / = oper¬ 
ating frequency in kilocycles. 

When the antenna is more than just a thin wire, 
the cross section of the tower comes into considera¬ 
tion since the velocity of the wave traveling along 
the tower is decreased. Consequently, the electrical 
height may be greater than the actual physical 
height whether measured in degrees or in other 
units. 

17-9b. Top Loading —It has been previously 
indicated that the center of capacitance of a vertical 
radiator and hence the point of maximum current 
can be raised by top loading in the form of a wheel 
or outrigger mounted on top of the antenna tower 
or additional top loading secured by adding wires 
extending from the wheel but insulated from the 
ground. Control of the amount of top loading can 
be achieved by inserting an inductance between the 
wheel and the tower. The practice of top loading 
antennas is generally resorted to when height is a 
limiting factor. In the case of an antenna less than 
a quarter wave in length (90°), utilization of top 
loading will increase the low-angle radiation 
efficiency. 

The increase in efficiency of radiation results 
from the increase in the resistance at the base of 
the antenna and decreased capacitive reactance and 
consequent increase in field intensity. This results 
from the effects of top loading which as previously 


explained shifts the point of maximum current 
(current loop) upward on the antenna. The base 
resistance is increased and the inherent losses in 
the antenna system are minimized with a conse¬ 
quent increase in radiation resistance while the loss 
resistance remains the same. 

As stated above, the capacitive reactance of the 
antenna is decreased when resorting to top loading; 
consequently, a smaller tuning coil can be used at 
the base to tune the system to resonance. The 
ability to utilize a smaller inductance at the base 
obviously reduces the resistance losses and more 
power goes into radiation. 

17-9c. Series Loading —Another method of 
obtaining the advantages of a very high antenna 
with low-angle radiation without the dimensional 
disadvantages is by series loading. This is accom¬ 
plished by providing two co-1 inear sections for the 
vertical radiator isolated from each other by means 
of an insulator across which a reactance is con¬ 
nected. This arrangement makes it possible to 
achieve, with a tower of given length, the anti¬ 
fading properties of a higher tower. By varying 
the reactance across the insulator a convenient 
means of varying the vertical polar pattern is ob¬ 
tained as well as permitting tuning the antenna. 

If the top loading is accom|)lished by insertion of 
an inductance at a point halfway or more from the 
ground to the top the inductance must have an ex¬ 
tremely high Q\ otherwise the power losses in the 
inductance will offset the gain that might be 
achieved. An additional complication involves the 
mechanical difficulty of constructing a small light¬ 
weight, weatherproof inductance of sufficient Q 
capable of handling large values of r-f voltage and 
current. The lowest frequency for which a tower 
of given height can be used is limited either by the 
permissible voltage across the reactance or by the 
resulting reduction in radiation resistance. 

Instead of connecting an inductance across the 
sectionalizing insulator, the two conductors of a 
transmission line can be connected across the insu¬ 
lator with the other end of the transmission line 
biought to ground. At this end a reactance (in¬ 
ductance or capacitance) can be connected. The 
required value may be found by calculation or by 
experiment. 

1. Conveying Power to the Vicinity of the An¬ 
tenna. Since the modern 550-1600 kc broadcast 
transmitter is always located some distance from the 
vertical radiators to minimize losses and field dis¬ 
tortions it becomes necessary to convey r-f power 
from the transmitter to the base of the radiator 
before it is possible to feed the radiator (antenna). 
The r-f line is always of the matched-impedance 
type, that is, it is operated without standing waves 
along the line, current and voltage being essentially 
constant along the entire length of the line. There¬ 
fore, the source (transmitter) and the load (an¬ 
tenna feed system) must both match the impedance 
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of the line. The line may be of open-wire type or 
(better) of the concentric type. 

17-9d. Feeding Vertical Broadcast Antennas— 

Vertical antennas employed for standard broadcast 
operation are of two types: one in which the an¬ 
tenna tower is insulated from the earth by being 
supported on a base insulator, and the second where 
the antenna base rests on the ground and is tied-in 
with the ground system. In the former the an¬ 
tenna is excited by a series-fed system and the latter 
by a shunt-fed system. In the shunt-fed antenna, 
special precautions are taken to provide a good 
ground system in order to keep the circulating 
current losses low at the point where the system is 
energized by the transmitter. 

17-9e. Series-fed Antenna —Figure 17-7 shows 
several methods by which r-f power may be trans¬ 
ferred from the transmitter via the r-f line to a 
series-fed antenna. In order to insure maximum 
transfer of power, the proper impedance match must 
be secured between transmission line and antenna. 



(*) If-Coupliaf 8«otio3 for • Short Aatonao. 



(b) IrCoupUag SvetioB for • loaf AstoiM. 




(c) T^octloo. 


Z I 

(d) ll->S«ctioB. 



(•) SvrIvo-TraMferMr (f) 8huBt>^«Hforwr 
Coupling Section. ODupllng Section. 


Fk;. 17-7. Series-fed antenna-coupling networks. 


This is done by appropriate choice of inductance 
and capacitance in the matching network so that the 
antenna impedance is transformed into a pure re¬ 
sistance equal to that of the transmission line. 

The impedance between the tower and ground is 
an important consideration when series-feeding is 
employed and the design of the matching network 
is dependent on such a determination. The voltage 
developed across the base insulator depends upon the 
magnitude and power factor of this impedance and 
hence the power delivered to the antenna. In the 
quarter-wave antenna, the impedance (at the earth 
connection) approximates 37 ohms.^ When the 

^ For antennas having less than quarter-wave height, 
resonance must be secured by base-loading with an in¬ 
ductor; hence the voltage across the base insulators of the 
tower is increased greatly. 


electrical length is a half wave, the base impedance 
is betw^een 200 and 400 ohms, depending on the 
shape of the tower—^liaving the lower figure when 
the tower has a wide tapered base. 

17-9f. Lightning Protection —Since a series- 
fed antenna is insulated at its base, provision must 
be made for the removal of high voltages resulting 
from lightning bolts and static electric accumula¬ 
tions. Such protection is usually provided by ball 
or horn gaps across the base insulator. A choke 
coil is usually inserted in the lead to the antenna 
tuning and matching system to protect the r-f cur¬ 
rent ammeter. I'his meter can be protected from 
burn-outs, when local thunderstorms occur, by utili¬ 
zation of a double-pole, double-throw, make-before- 
break switch, permitting the removal of the meter 
from the circuit without interruption of the radio¬ 
frequency current. A degree of protection can be 
provided by a shunt across the meter but is of little 
avail in the case of a direct hit by lightning. 

17-9g. The Shunt-fed Antenna— The shunt- 
fed antenna permits elimination of the base insu¬ 
lator. The exciting voltage is applied at a point 
on the antenna tower above ground in such a w'ay 
that the lower section looks like a one-turn induc¬ 
tance comprising the antenna below the point of 
connection, the sloping feed line, and the ground 
return between the base of the antenna and the 
grounded outside conductor of the coaxial trans¬ 
mission line. 

The point on the antenna tower where the single- 
wire line terminates is chosen so that the resistance 
component of the tower impedance is equal to the 
characteristic impedance of the transmission line. 
The impedance match is accomplished by a capaci¬ 
tance connected in series with the shiinl-fecd line 
because the loop comprising the shunt-feed line, the 
antenna, and the ground return path is inductive. 

Since a shunt-fed antenna is directly grounded 
the amount of lightning protection equipment is 
reduced. Moreover, high-frequency antennas such 
as those employed for FM and television can be 
mounted on the top of the tower without the neces¬ 
sity of isolation-coupling equipment. 

17~9h. Direction^ Broadcast Antennas —In 
the early part of this chapter it was stated that a 
single vertical antenna element operating over a 
perfectly conducting earth would propagate uni¬ 
formly in all compass directions. In other words 
it has zero horizontal directivity and is sometimes 
referred to as an omni-directional or isotropic radi¬ 
ator. This is the performance desired in directivity 
when a station desires coverage in all directions. 
However, there are several considerations which 
make it desirable to install a directional antenna 
system. These considerations include: 

(a) Increasing the field intensity in the direction 
of a densely populated area. 

(b) An increase in power without increased sig- 
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Fig 17-8 Seven element array antenna employed by WREX, Duluth, Minnesota. 


nal in areas served by other stations on the same 
channel or adjacent channel >. 

(c) Pievention of overlap of service areas in the 
case of multiple ownership. 

17-9i. Directional Pattern Characteristics— 
The shape of the pattern desired for directional 
operation necessitates consideration of the area to 
he served and the protection to be given other sta¬ 
tions Economics make it desirable to achieve the 
shape of the pattern with the least number of an¬ 
tenna towers. Two towers can secure the desired 
results in some cases whereas from six to seven 
are required in others to provide the required nulls 
and lobes. Figure 17-8 shows a 7-element array 
employed by WREX, Duluth, Minnesota. Six ele¬ 
ments are used for nighttime operation and three 
for daytime. Elements 1 to 6 are in the form of 
a parallelogram consisting of two rows of three 
each bearing 107.5° true (the six to the left in the 
photograph) as a nighttime array. End elements 
1 and 2 of the parallelogram with an additional 
element 7, directly south of 2 (the one farthest to 
the right in the photograph) serve as a 3-element, 
triangular daytime array. 

The field intensity at any given point is a func¬ 
tion of the placement of the towers in the antenna 
array and the magnitude and phase of the field in¬ 


tensity radiated from each tower. In other words, 
its pattern shape is determined by the space con¬ 
figuration of the radiating elements and the vector 
sum of the field intensities produced by each radiat¬ 
ing element. 

Figure 17-9 illustrates a typical directional an¬ 
tenna design such as is presented to F C C. in the 
application for construction permit. It will be 
noted in this figure that the horizontal pattern along 
with an expanded scale for the low values of field 
intensity are presented. It is also desirable to pre¬ 
sent a curve show ing the maximum expected operat¬ 
ing value (MEOV). When making the proof of 
performance the directional antenna should be ad¬ 
justed such that the unattenuated field intensity will 
not exceed this value. The stations to be protected 
and the root-mean-square (rms) circle are also 
presented on this chart. In addition to this infor¬ 
mation it is desirable to make a tower placement 
sketch, tabulate the pattern parameters and list 
pertinent station data. This information is very 
useful to anyone who has to investigate or deal with 
the directional antenna system. 

17-9j. Feeder Systems for Directional Arrays 
—^A more complicated feeder system is required in 
a directional broadcast array than that described 
previously for single-element radiators. (See Fig- 
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Fig. 17-9. Typical directional antenna design. (Courtesy United Broadcasting Company.) 
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ure 17-10.) Most directional arrays are of the 
base insulator, series-fed type. In general, a feeder 
system must perform the following functions: 

(1) Present the proper load impedance to the 
transmitter by the matching network. 

(2) Divide the output power of the transmitter 
properly between the antenna elements of the system 
so as to control the ratio of the magnitude of the 
field intensities radiated from each .tower. 

(3) Control the phase of the field intensity vec¬ 
tors radiated from each tower. 

(4) Transmit the power over the transmission 
lines from the transmitter to each element of the 
antenna array. 

(5) Provide an impedance match between the 
transmission line and the antenna. 

In some applications it may be desirable to com¬ 
bine the functions in such a manner that the match¬ 
ing, power dividing, and phasing can be controlled 
in a single network. On the other hand, more ele- 



Fic. 17-10. Block diagram if a directional antenna 
feeder system. 


ments can be added by providing additional outputs 
from the power dividing network with appropriate 
feeder systems. 

17-9k. Current and Phase Meters —In the ad¬ 
justment and operation of directional broadcast ar¬ 
rays it is essential to employ appropriate instru¬ 
ments to measure the phase difference between the 
currents in various towers of the array. The sta¬ 
tion license issued by F.C.C. generally specifies the 
input current and the ratio of the tower currents. 
The current ratios are obtained and maintained by 
proper division of the power while the input current 
is adjusted to the value stipulated in the instrument 
of authorization. The input current value is deter¬ 
mined from input resistance measurements obtained 
by the substitution or variation methods. Radio¬ 
frequency bridges are also employed in making re¬ 
sistance measurements of antennas. 

“Rules and Regulations^ as well as “Standards of 
Good Engineering Practice” for Standard Broad¬ 
cast Stations, established by the Federal Communi¬ 
cations Commission, stipulate the characteristics of 
the radio-frequency current meters and tolerances 
within which the currents must be maintained. 



VCCTOMS VCCTORS VECTORS *** * 


Fi<;. 17-1 la. ()°-90° series connection. 

To aid in monitoring the operations in case the 
towers are at some distance from the transmitter, 
remote reading of the antenna ammeters are ob¬ 
tained by inserting thermocouples directly in the 
antenna circuits with remote leads to a d-c current 
indicator in the transmitter building. Sometimes 
the thermocouple is inductively coupled to the an¬ 
tenna, thus eliminating the need for radio-frequency 
choke coils in the leads from the antenna if the 
thermocouple is connected directly in the antenna 
circuit. 

In some instances automatic recorders are estab¬ 
lished for the purpose of insuring the maintenance 
of the authorized field intensity in given directions. 

Figures 17-1 la and 17-111) show two methods of 
connecting a phase monitor of the type manufac¬ 
tured by the Andrew Company and identified as 
type 40-C. The series connection is employed on 
tile scale reading from 0° to 90° and the parallel 
connection from 90° to 180° for reasons given 
later. 



VECTORS VECTORS VECTORS 

M ia(f ffetM. 13 ^ FkKM. 9(P pteM. 


Fig. 17-1 lb. 90°-180‘’ parallel connection. 
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17—10. Phase Monitors —Phase monitors are 
employed in tuning and maintaining tiic adjust¬ 
ments of directional antennas since it is necessary 
to have an instrument to measure the phase differ¬ 
ence between the currents in the various elements 
of the array. There are several methods incorpo¬ 
rated in commercial phase monitors employed for 
the purpose of measuring this phase difference. 

Space does not permit a complete description of 
all commercial models but the following descriptions 
will aid in understanding the theory of operation. 

17-11. Andrew Type 40-C Phase Monitor— 
The Andrew type 40-C phase monitor is an instru¬ 
ment designed primarily for use in adjustment and 
operation of directional antenna arrays at broadcast 
frequencies. It will measure phase difference and 
ratio of magnitude of currents. Provision is made 
for six inputs with suitable switching to allow rapid 
comparison of any two at a time. 

The monitor is intended for use in the broadcast 
band, and has a sensitivity of less than one volt over 
that spectrum. The input impedance is approxi¬ 
mately 72 ohms resistive, suitable for use with the 
70-ohni coaxial cable commonly used for the line 
from the sampling loops to the monitor. 

17-1 la. Principle of Operation —The schematic 
in Figure 17-12 shows the 40-C monitor reduced to 
its most fundamental elements. If potentials P-1 
and P-2 are in phase, they oppose each other and 
the meter reads zero. If they are out of phase, 
the total voltage apfdied to the diode is twice the 
magnitude of either one alone, and the meter reads 
full scale. The scale is calibrated in degrees, so 
that any phase angle may be read directly. 



Ki(.. 17-12. Elementary circuit of Andrew type 40C 
pha.se monitor. 

Since the diode circuit alone requires a signal of 
20 volts, stabilized d-c and r-f amplifiers are pro¬ 
vided to increase the sensitivity to 150 millivolts. 
I be r-f amplifiers may be switched out to reduce 
the sensitivity to one volt. 

From the above it can be seen that phase is 
measured by adjusting the two r-f voltages being 
compared to equal amplitude, mixing them, and 
impressing the resulting voltage on a diode rectifier. 
Since the magnitude of the resulting voltage varies 
the time phase angle between them varies, the 
output voltage and current of the diode will also 


vary, and by properly calibrating a d-c instrument 
in the diotle load circuit it is possible to read the 
phase difference of the two impressed voltages. 
The voltages can be added either in series or in 
parallel, and suitable meter scales can be provided 
to read phase difference. However, if cither con¬ 
nection is used to read the entire range from 0® to 
180°, the scale will he very crowded at one end or 
the other. The 40-C phase monitor therefore uses 
both connections and two scales: the series connec¬ 
tion for 0° to 90°, and the parallel connection for 
90° to 180°. This not only eliminates crowded 
scales and gives siihstantially linear calibration over 
the entire range, but provides a scale twice as long, 
allowing more accurate reading. 

Each channel consists of a Class A linear ampli¬ 
fier with suitable input attenuator and .selector cir¬ 
cuits. In the 0‘*-90° connection (Figure 17-lla) a 
diode voltmeter circuit is connected across the out¬ 
puts of the two channels. 

It c.'Mi be seen that the outputs are in scries buck¬ 
ing: that is, if voltages of zero phase difference are 
impressed, the sum of the two voltages wdll he zero. 
The sum of out-of-phase voltages will give a re¬ 
sultant voltage that is read on the diode voltmeter. 
When the channel output voltages to ground are 
equal, the relative voltage (/t) across the vacuum- 
tube voltmeter is given by the expression 

E = r sin - 

where c is the output voltage to ground of cither 
channel. This gives a .scale that is substantially 
linear up to 90°, and therefore the calibrating 
point, or e, is chosen so that 90° are read at full 
scale. 

In the case of the parallel connection (Figure 
17-111)) the two channel output voltages are mixed 
at the output of the amplifiers. 

It can be seen in this case that input voltages of 
180° phase difference will give zero output voltage. 
Output voltage is expressed by the eiiuation 

„ e 

R = e cos - 

This expression is approximately linear from 90° 
to 180°, which is the range of the second phase 
angle scale. 

In addition to measuring phase difference, it is 
also necessary to determine which current (or volt¬ 
age) is leading in time phase. This is accomplished 
by providing a ‘'sense indicator,” which is a pi net¬ 
work with a small phase delay characteristic (about 
10°) which can be inserted in either input circuit. 
By noting how the phase readings increase and de¬ 
crease, it can be determined which current is leading 
and which is lagging. 

Current or voltage ratio is measured by using 
one amplifier channel feeding into the diode volt- 
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Fig 17-13 Phase monitor schematic ot Andrew t\pe 40C 
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meter. The attenuator of that channel is adjusted 
to give a reference output voltage. The amplifier 
input is then switched from the reference input to 
any other input desired, and the ratio read on the 
ratio scale. The complete schematic is given in 
Figure 17-13. 

17“llb. Installation—The instrument is pro¬ 
vided with a standard lO’-4-inch panel for relay 
rack mounting. The 110-volt, 60-cycle power feed 
is plugged into the power receptacle on the rear of 
the chassis. Coaxial cable receptacles to J« are 
provided at the rear of the chassis for the sampling 
lines. 

It is recommended that the coaxial lines from the 
sampling loops or current transformers be the same 
length for all towers. While it is possible to meas¬ 
ure the difference in phase shift in the lines due to 
difference in length it represents an additional fac¬ 
tor that may introduce error, 

17-llc. Operation—1. After allowing the in¬ 
strument to warm up for several minutes, choose 
the two inputs to be measured by setting the a se¬ 
lector and B SELECTOR in the proper positions. 

2. Palace the two sensitivity switches in either 
high or low positions as re(|uircd by the magnitudes 
of the input voltages, and the sense indicator in off 
position. 

3. Set the range switch in 0-90 or 90-180, as 
determined by previous experience. If the proper 
range is not known select either range and proceed 
with measurement. If the wrong scale has been 
chosen the meter will read off scale. 

4. Set the calibrating switch in calibrate a 
position and adjust the A channel attenuator until 
the meter pointer is set on the red line (at 60° on 
the scale). 

5. Set the calibrating switch in calibrate b 
position and repeat. 

6. Set the calibrating switch in read position 
and read the phase difference on the proper scale. 

7. Determine the sense of the two currents by 
means of the sense indicator. With the instrument 
in read position set the sense indicator in either 
channel. Knowing that the sense indicator intro¬ 
duces a phase lag, it is easy to determine which 
current is leading. For example, if a phase reading 
of 45° is obtained, and if, with the sense indicator 
set in channel A, the phase reading is 55°, it is evi¬ 
dent that current A lags current B. If, on the other 
hand, insertion of the sense indicator gives a read¬ 
ing of 35°, then current A is leading current B. 

17-1 Id. Measurement of Current Ratio—1. Set 
the range switch to 0-90 position and the cali¬ 
brating switch to calibrate a. 

2. With the selector switch for channel A set on 
the reference input, vary the channel a attenu¬ 
ator to give a meter deflection of 1.0 on the cur¬ 
rent ratio scale. 

3. Switch the channel a selector to select the 
input desired and read the ratio directly. 


It is apparent that the magnitude of the reference 
input must be larger than that of the inputs being 
compared to it. Caution must be taken that the 
B selector is not set on either the reference or 
compared inputs, as this cuts the resistance of the 
line termination in half and will give erroneous 
readings. 

17-1 le. Operating and Maintenance Suggestions 

1. Check the zero set of the meter occasionally, 
with no signal input. It will ])e observed that a 
false zero is provided on the meter scale. This is 
to compensate for the no signal space current of 
the diode rectifier. I'lie zero set must of course, 
be made with the instrument turned on. Different 
diodes have different values of space current, so in 
some cases with the instrument calibrated to “O’* on 
the scale, the needle will not return to the zero 
current mark on the scale. This has no effect what¬ 
ever on the periorniance of the instrument. 

2. Tap the meter case lightly when making meas¬ 
urements. The meter movement is a 0-50 d-c mi- 
croammetcr, and internal friction may produce 
slight sluggishness. 

3. It is necessary to compensate the monitor for 
unequal phase shift through the two channels due 
to different tube interelectrode capacitances, lead 
capacitances, etc. The adjustments are normally 
made at the factory for proper operation at the 
frequency for which the unit is ordered, but they 
can be done in the field if necessary. They should 
be made if the operating frequency of the instru¬ 
ment is changed. 

Supply signal with a small phase difference, say 
30° to the input of the two channels. Adjust the 
diode trimmer for equcul rccTdings as the channel 
selector switches are reversed. This equality of 
readings should then hold over the entire range of 
the instrument. 

Voltages out of phase can be obtained by using 
cables of different length to feed the two channels. 

4. The sense indicator circuit has been adjusted 
at the factory, and should not require any readjust¬ 
ment. If, for any reason, it becomes necessary to 
readjust the circuit, it should be done by means of 
an r-f impedance bridge. Connect the bridge to the 
input grid of either Class A amplifier and with the 
sense indicator in off position measure the r-f im¬ 
pedance looking back towards the input. Then in¬ 
sert the phase delay network in the circuit and 
adjust the coil until the r-f impedance measures the 
same as it did without the sense indicator in the 
circuit. 

5. Receptacles Ji to Jo are intended for use with 
solid dielectric cable and suitable connectors. RG 
11/U is the proper cable type. The splice or con¬ 
nection between rigid sampling line and solid die- 
electric cable should be within 10 feet of the phase 
monitor and the lengths of solid dielectric cable 
should be identical. 
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17-1 If. Specifications 

Frequency range: 500 to 1600 kc. 

Current ratio range : 0.1 to 1. 

Phase angle range: 0® to 360®. 

Accuracy, phase angle measurements: ±2®. 

Input impedance: 72 ohms. 

Sensitivity: 0.75 volt. 

Maximum permissible signal: IS volts. 

Power supply: 115-V, 60 cycles. 

Poiver consumption: 50 watts. 

17-12. RCA Type 300-C Phase Monitor— Fig¬ 
ure 17-14 shows the schematic of the RCA type 300C 
phase monitor. In this monitor a cathode-ray tube 
is employed to provide visual indication of the phase 
relationship of the antenna elements. When the 
currents in the antenna elements are in phase, the 
initial elliptical pattern on the face of the cathode- 
ray tube becomes a straight line. 

17-12a. Circuits—The remote antenna meters 
are connected in series with the sampling line, and 
the sum of the meter resistance and a series re¬ 
sistance makes up the terminating resistance for the 
line. The combination is somewhat affected by the 
input circuit of the phase circuits, but is corrected 
so the proper terminating resistance (77 ohms) is 
obtained. 

A variable shunt resistance is connected across 
each indicating meter; this circuit provides a means 
for adjusting and maintaining a proper relation 
between the line current indication and the value 
of the remote antenna current. 

The shunt range on the rheostat is limited, hence 
adjustment of the meter indication does not become 
critical, and can easily he made. The input to the 
phase measuring circuits is taken directly across the 
sampling line, and terminates from both selector 
switches. As the input potentiometers are switched 
from one line to another, a load substitution is made, 
thereby maintaining constant loading on the line. 

From the input potentiometers, two amplifier 
channels are used to deflect the cathode-ray tube 
electron stream. The “X*' amplifier is so labeled, 
because it deflects the beam horizontally, and the 
'‘Y** amplifier so marked, because it gives the verti¬ 
cal deflection. 

In the “X” amplifier channel, for the first stage, a 
vacuum tube is used in a phase shifting network, 
after which both channels are alike. 

The phase shifting network consists of a pentode 
tube, triode connected, having an unbypassed cath¬ 
ode as is used for inverter service. The plate load 
is essentially capacitive reactive, hence produces a 
phase shift of approximately 90® from that which 
normally appears in the plate circuit of a tube loaded 
with resistance. A potentiometer (R32) connected 
between the plate and cathode provides a continu¬ 
ously variable phase shift in voltage over an ap¬ 
proximate 90® range. 


In order to maintain the proper capacitive re¬ 
actance in the plate circuit over the frequency range 
of the instrument, the plate condenser is made 
variable. 

Three fixed ranges are used, with a variable air 
condenser to give variable capacitance between the 
ranges. Once the condenser is set for a given fre¬ 
quency, it needs no further readjustment, since the 
voltage appearing in the cathode and plate circuits 
is independent of the condition of the tube. 

Two-stage amplifiers are used to drive the 
cathode-ray tube. Plate inductances, which are ad¬ 
justable, make the phase shift of both amplifiers 
alike. A small variable capacitor in one amplifier 
is sufficient to maintain identical phase shift through 
the amplifiers at all frequencies within the range of 
the instrument. 

A resistance connected in the common plate sup¬ 
ply lead to both output amplifiers, and common to 
both, provides phase com})cnsation of the cathode- 
ray tube, since a small amount of capacitance exists 
between the vertical and horizontal deflecting plates 
due to the leads leading to those plates. 

A third, or blanking amplifier, connected to the 
plate of the first stage of the vertical amplifier, 
applies a blanking signal to the grid of the cathode- 
ray tube, when the push-button is depressed. 

The blanking amplifier is so connected that the 
phase relationship of blanking signal provides the 
means of indicating the proper quadrant, and, hence, 
the proper scale to be read. When the scale-shift 
switch is changed in position, the blanking amplifier 
signal-phase is shifted to a different scale. At the 
same time, both amplifiers are reversed, with re¬ 
spect to their line connections. One switch is la¬ 
beled PHASE shift; therefore, less confusion arises 
in phase measurements. Hence, there should never 
be any doubt as to which scale should be read. 
Since quite high voltages exist in the instrument, a 
safety switch is supplied, which opens as soon as the 
cover is removed. 

17-12b. Operation—Turn on the power switch, 
set the X and Y gain controls at minimum, and 
place the intensity control at approximately mid¬ 
position. When a spot appears on the cathode-ray 
tube, this may be focused with the focus control. 
A sharply defined spot should appear. 

Do not allow the trace to remain on the tube 
screen for long periods. If a small intense spot is 
allowed to remain in a fixed position, for even a 
short time, burning may result. This does not 
affect the operation of the cathode-ray tube, except 
it may cause dead spots or insensitive portions of 
the tube screen. 

A change in gain setting during measurements 
will introduce a small error in readings, because of 
phase shift in the gain control circuit. 

If the spot does not appear in the center of the 
screen, it may be centered by means of the hori¬ 
zontal and VERTICAL centering controls, which are 





Fig. 17-14. Phase monitor RCA t>pe 300C 
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located within the space behind the door at the lower 
portion of the panel. 

Set each of the selector switches “X” and ‘‘Y” to 
the same line (A|) designation, etc. (preferably 
the line with highest current), and set the main 
phase dial at zero degrees (maximum left position). 
Increase the setting of the gain controls so a trace 
at approximately 45 degrees appears on the screen. 
If the pattern appears as an ellipse, this should be 
corrected with the phase cal. control also located 
within the compartment with the centering controls. 

Adjust the phase cal. control for a straight line 
pattern of minimum width. 

Change the selector switches (X and Y) to the 
lines between which the phase shift is to be 
measured. 

The “X” selector switch is always used as the 
reference. Thus if the phase relationship between 
the currents in tower A, with respect to B, is to be 
measured, then A is the reference and the ^‘X** 
selector should be set on Aj, and the selector 
switch set on Bj. Since the measurement is made 
in terms of “X” leading ‘‘Y,” proper choice of 
switch setting would indicate that the current in 
the tower indicated on the “X” selector leads the 
current in the tower indicated by the ‘‘Y*’ selector 
by the angle indicated when the balance is complete. 

Rotate the phase control until a closed pattern is 
again obtained. If this cannot be done, rotate the 
PHASE SHIFT control to its opposite position. Rota¬ 
tion of the PHASE CONTROL sliould then close the 
pattern. 

The indication obtained is then the leading pha.se 
angle between the element connected to the “X” 
selector and that connected to the “Y” selector. 

In order to determine the proper scale to be read, 
press the push button. A portion of the trace will 
disappear and the remaining trace will point in the 
direction of the scale to be read. 

Each pair of numbers governs its scale over that 
90-dcgree section of the cathode-ray tube; hence, 
the slope of the trace on the cathode-ray tube screen 
may vary from a nearly horizontal pattern to a 
nearly vertical pattern, and still indicate a definite 
quadrant or scale reading. Each quadrant is cov¬ 
ered by that area divided by an imaginary vertical 
and horizontal line through the center of the 
cathode-ray tul>e. 

Unless the amplitudes of the voltages on the “X” 
and ^*Y'' channels diflfer very widely, there is no 
doubt which quadrant is to be read. 

Usually in an antenna array, the currents do not 
vary to the extent that the balanced trace is so near 
horizontal or vertical that it is difficult to determine 
the quadrant. 

For the best accuracy; especially at frequencies 
above 1,000 kc, the initial balance with both chan¬ 
nels on a single line, should be made on that setting 
for “X” and **Y” switch positions. The gain con¬ 


trols should not be disturbed during a series of 
measurements. 

Note: High-frequency monitoring is discussed 
later in the chapter. 

17-13. Power Gain —When making determina¬ 
tions of the efficiency of antenna, engineers employ 
the terms “power gain'' and “field gain." In mak¬ 
ing comparisons, the field intensity of a half-wave 
antenna in free space at a distance of one mile is 
frequently used as a standard of reference. “Free 
space field intensity" is defined as the field intensity 
that would exist at a point in the absence of waves 
reflected from the earth or other reflecting objects. 
The “power gain" is defined as the ratio of the 
powers that would be required to give the same field 
strength at a point one mile distant. In other 
words, the power gain is the increased power (ex¬ 
pressed as a ratio) that would be reejuired to feed 
the half-wave antenna to obtain the same increase 
in field strength as obtained with the multi-element 
antenna. Thus, 

Power gain 

power required with vertical half-wave antenna 
power required with multi-element antenna 

In many organizations the power gain is ex¬ 
pressed in decibels. 

17-14. Antenna Field Gain —Antenna field 
gain, as defined in the Federal Communications 
Commissions rules, is as follows: “The term ‘an¬ 
tenna field gain’ of a high-frequency broadcast an¬ 
tenna means the ratio of the effective free space 
field intensity produced at one mile in the hori¬ 
zontal plane (vertical antenna radiating waves ver¬ 
tically polarized) expressed in millivolts per meter 
for 1 kilowatt antenna input power to 137.6." As 
stated previously “free space field intensity" means 
the field intensity that would exist at a point in the 
absence of waves reflected from the earth or of 
other reflecting objects. Therefore, the field gain 
of any multi-element antenna expressed as a ratio: 

Field gain 

— h^hl i ntensity of antenna for 1-k w input 
137.6 millivolts per meter 

17-15. Relationship between “Field Gain" and 
“Power Gain” —The increase in field intensity for 
a given antenna at any point is e(iual to the square 
root of the increase in power, or 

Field gain = Vpower gain 

Thus,it can be seen that if one desired to double 
the signal intensity it would be necessary to increase 
the power four times. Obviously, if the effective 
power can be increased by the use of a multi-element 
antenna, definite savings will result in initial cost 
of equipment and operating costs. 

17-16. Field Strength Measurements— There 
are two basic methods of measuring the intensity 
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of radio signals—one is identified as the standard- 
antenna method and the other the sta>idard-field 
method. In the first method the voltage produced 
in a standard antenna by the field to l)e measured 
and computing the radio field intensity from the 
measured voltage and the dimensions and form of 
the standard antenna. 

17-16a. Unit of Measurement —The univer¬ 
sally adopted unit of measurement for field intensity 
is “volts-per-meter.” Tlie unit volts-per-meter is a 
large one and for all practical purposes it is more 
convenient to use the term millivolt-per-incter or 
microvolt-per-meter (/iv/m). A field strength of 
1 millivolt-per-metcr means that the potential differ¬ 
ence induced by the field between two points a meter 
apart on the same line of electric force is 1 millivolt 
(1/1000 volt). Consequently, if a 1-kw transmitter 
produces a field intensity of 20 millivolts ])er meter 
at a distance of 5 miles and is received on an an¬ 
tenna having an effective height of 5 meters, there 
will be 100 millivolts of signal induced in the an¬ 
tenna and available at the receiver terminals, neg¬ 
lecting the Q o^ the antenna, losses in the lead-in, 
etc. 

17-16b. Standard-antenna Method —In the 

standard field method the voltage produced in an 
antenna by the field to be measured is compared with 
a standard field. The measuring equipment for the 
two methods are of the same general form. In the 
case of the standard-antenna method special require¬ 
ments for the receiving antenna and voltage- 
measuring equipment are neces.sary. In making 
tncasurements to determine the coverage or j)er- 
formance of a standard broadcast antenna or array 
the standard-antenna method is employed. A loop 
antenna is used generally in association with a 
double detection receiver having a vacuum-tube 
voltmeter connected in the output of the second de¬ 
tector as shown in Figure 17-15. 

The method of coupling the standard antenna to 
the voltage or field streiith measuring .set is gen¬ 
erally such that the voltage measured is not the 
voltage produced in the antenna by the field but 
hears a fixed ratio to it. This ratio is called the 
voltage-transfer ratio. The magnitude of this volt¬ 
age ratio is dependent upon the point of introduc¬ 
tion of the calibrating voltage into the measuring 
circuit. A standard voltage source is provided and 


included as part of the field intensity measuring 
equipment. 

Vertical and horizontal half-wave dipoles are also 
used in place of a loop antenna and are particularly 
convenient when making measurements above 30 me. 

17-16c. Standard-field Method —The standard- 
field method of radio field intensity measurements 
consists of setting up a known field at the receiving 
antenna by employing a low pow^r oscillator or 
transmitter as the signal source. The field at the 
receiving antenna is comimted fiom the dimensions 
of the transmitting antenna, its current and current 
distribution, the distance, and the effect of the 
ground taking into account the elevations of the 
transmitting and receiving antennas. 

The local transmitter generally employs a loop 
anteima, because of the east* in computing its radi¬ 
ation. At fretiuencie.** above about 40 me an (q)eii 
vertical antenna may be used. 

17-i6d. Automatic Field Intensity Recordings 
—Auttmiatic recording of field intensity as well as 
atmospheric noise is used to advantage in accumu¬ 
lating data in connection with radio wave propaga¬ 
tion studies and frequency allocations. 

A metluKl in general use emidoys a conventional 
receiver liaving good stability of fretiuency and the 
recorder is connected in the plate circuit of one or 
more of the tubes under automatic volume control. 
A substantial logarithmic relation between the re¬ 
corder deflection and the radio field intensity may 
be obtained and is convenient in view of the great 
time variation of field intensities often encountered. 

I'he choice of the time constant is dependent uj)on 
the ultimate use to be made of the measured data. 

Generally, a vertical antenna whose effective 
height has been determined is connected to the re¬ 
ceiver associated with the automatic recorder. 
Calibration of the recorder is made from lime to 
time by using a signal generator connected to the 
receiver through a dummy antenna having the same 
constants of the receiving antenna. 

17-16e. Accuracy of Measurements —This text 
is not designed to go into the details of field inten¬ 
sity and automatic field intensity recordings, par¬ 
ticularly with respect to the precautions that arc 
necessary in regard to the qualifications of tho.se 
engaged in the project, the choice and performance 
of ecjuipment, number of measurements, choice of 
locations at which measurements are made, weather 


A B 



Fig. 17“15. Diagram of field strength measuring apparatus. 
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conditions and the analysis and evaluation of results. 
Measurements made at frequencies below 3 me 
under ideal conditions can be made with an accuracy 
of about 5 percent and under usual operating condi¬ 
tions the accuracies may not be better than 10 per¬ 
cent. These estimates are for a range of field 
intensities from about 100 microvolts per meter to 
about 1 volt per meter. 

There are many publications available from both 
the Institute of Radio Engineers and from the 
Government that are devoted to the above subjects. 

17-17. Ungrounded High-frequency Antennas 
—The most common type of high-frequency an¬ 
tenna is that shown in Figure 17-16. It is similar 
to the antenna employed by Hertz in his early ex¬ 
periments. Its modern version consists of a wire 



Fk;. 17-16. Distribution of current and voltage on a 
half-wave Hertz antenna or doublet. 

in space, one-half of a wave length long and reso¬ 
nant at a wave length approximately 2.08 times the 
length of the wire in meters. The half-wave Hertz 
antenna is often referred to as a dipole or doublet. 
These terms are used synonymously in this text. It 
may be used as either a vertical or horizontal radi¬ 
ator. A radio-frequency wave exciting such an 
antenna travels to one end of the antenna wire and 
is reflected back toward the center. The reflected 
wave meets the next incident wave and the voltage 
and the current at any point along the antenna wire 
are the algebraic sum of the two waves. The result 
is a distribution of current and voltage along the 
antenna as depicted in Figure 17-16. At the center 
we find a current loop and a voltage node and at 
the ends voltage loops and current nodes. The volt¬ 
ages at the two ends are 180® out of phase and, 
consequently, of opposite polarity. The curve rep¬ 
resenting the distribution of voltage and current, 
as shown in Figure 17-16, represents a standing 
wave on the antenna. If the current and voltage 
were uniform throughout the length of the antenna 
it would indicate the absence of a standing wave. 
This condition would result if the energy were ab¬ 


sorbed from one end of the antenna at exactly the 
same rate it is supplied at the other. 

17-18. Resonant Frequency and Electrical 
Length —An antenna in free space would have 
its physical length equal to its electrical length. In 
other words, a full-wave 20-meter antenna would 
be 20 meters long, and a half-wave antenna, 10 
meters long. However, since the presence of the 
earth and near-by objects influence the electrical 
length of an antenna by reducing the velocity of 
propagation along the conductor, a correction factor 
must be used to determine the correct physical 
length. 

The physical length of a practical half-wave an¬ 
tenna is determined approximately from the follow¬ 
ing formula: 

^ 492 X 0.95 _ 468 

/ ■ ■ / 

where L is the length in feet and f the frequency 
in kilocycles. 

17-18a. Frequency Response Characteristics— 

The resonant frequency of a simple dipole or 
doublet is quite narrow. The simple.st way of ac¬ 
complishing a wide band response, such as retjuired 
for television, is to employ a folded doublet of the 
type shown in Figure 17-17. For receiving or very 
low power transmission, such a folded doublet like 
that in the upper part of Figure 17-17, may be made 
of commercially available 300-ohm transmission line 
with polyethylene insulation between the conductors. 
It is cut to the proper length and short-circuited at 

I-;-— 




Fig. 17-17. Folded doublets. 

both ends. One of the two conductors is then cut 
at its center and a 300-ohm feed line of the same 
type connected to the cut ends. 

The spacing between the elements of a folded 
doublet compared to their diameter has considerable 
effect upon the bandwidth characteristics of the 
antenna. The larger the diameter of the elements 
the wider the bandwidth. The theoretical limit of 




ANTENNAS 


717 


tlie spacing is somewhat less than an eighth of a 
wave length. 

It has been predicted mathematically and proved 
by experimentation that the bandwidth response of 
a single dipole can be increased by increasing the 
element length slightly over a quarter wave length, 
thereby causing the antenna to become inductive, 
and then cancelling this inductance with the capaci¬ 
tance formed by overlapping the inside ends a slight 
amount. 

Another expedient for increasing the bandwidth 
is to increase the diameter of the conductors and 
sometimes to make them of a shape other than cylin¬ 
drical. Forms which have been used are two iden¬ 
tical cones tip to tip, a narrow cone and a wide 
one, tip to tip, a cone and a disc. These shapes are 
not continuous surfaces in all cases. There are 
many other variations, some of which have seen use 
in television transmission and reception and are for 
that reason described briefly later in this chapter. 

17-19. Radiation Characteristics of the Half¬ 
wave Ungrounded Antenna—1'he radiation pat¬ 
tern of a half-wave antenna is in the form of a 
doughnut with the diameter of its hole reduced to 
zero, as shown in Figure 17-18. If the antenna is 


I'ln. 17-18. Radiation pattern from a vertical lialf-wavc 
antenna placed some distance above Rround. 

erected vertically the electric waves will be verti¬ 
cally polarized and their strength in a horizontal 
plane will be equal in all directions. The polar 
diagram of the vertical antenna is shown as a in 
Figure 17-18, with equal field strength in all <lirec- 
tions as mb. If the same antenna is erected hori¬ 
zontally, as shown in Figure 17-19, the waves will 
1)0 horizontally polarized. There will be no sub¬ 
stantial radiation along the axis of the antenna and 
maximum radiation at right angles to the antenna 
with the distribution as shown in Figure 17-19b. 
Referring to the polar diagram of the horizontal 




Fig. 17-19. Radiation pattern from a horizontal half-wave 
antenna far above the earth. 


antenna as .shown in Figure 17-19(1)), it will be 
note<! that the field strength is not uniform in all 
directions but maximum at right angles to the ati- 
tenna; falling off as a cosine function resulting in 
a field strength pattern in the form of a figure eight. 

The antenna of Figure 17-19 is said to have di¬ 
rectivity, since it transmits more energy in some 
directions than in others. In fact it is bidirectional, 
since there are two major lobes of radiation at right 
angles to the plane of the antenna. Since a direc¬ 
tional characteristic is undesirable wdien uniform 

I 



Fig. 17-20. Radiation pattern in a horizontal plane of 
two crossed half-wave antennas. 

coverage is desired, it is possible to employ two 
horizontal antennas crossed at right angles and fed 
in quadrature (in phase); consecjuently, the field 
pattern of one antenna of a pair falls in the area of 
low radiation of the other antenna, resulting in the 
production of a combined field pattern approaching 
the form of a circle, with a radius etiual to the 
diameter of the individual circles shown in Figure 
17-20. Such an antenna is said to be omnidirec¬ 
tional. Since the power from the transmitter di¬ 
vides equally between the antennas of the crossed 
pair (one-half of the power goes into each an¬ 
tenna), the radiated power in the horizontal plane 
from the pair is only half that of the single vertical 
antenna and the field strength is approximately 71 
percent of that of b in Figure 17-18. The radi¬ 
ation in the horizontal plane, however, can be in¬ 
creased and that in other directions decreased by 
mounting two or more in-phase antennas one above 
the other, along a common vertical axis. Each of 
the antennas then contributes to the radiation in the 
horizontal plane and their combined effect decreases 
the power radiated in other directions and, conse¬ 
quently, the doughnut is flattened out and increased 
in diameter, as in Figure 17-21. 

17-20. Harmonic Excitation of an Ungrounded 
Antenna —The lowest frequency at which an an¬ 
tenna of any type (grounded or ungrounded) reso¬ 
nates is called its fundamental frequency and the 
corresponding wave length is the fundamental 
wave length. It is possible to excite an antenna so 
that it has two or more standing waves on it; it is 
then resonant at approximately an integral harmonic 
of the fundamental frequency, the fundamental 
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(C) 


Fig. 17-21. Radiation patterns from (a) single layer, 
(b) two-layer and (c) six-layer antennas show how antenna 
gain is achieved by squashing down the radiated energy, 
thereby increasing the signal along horizontal. 

being referred to as the first harmonic. A full- 
wave ungrounded antenna (two half waves) oper¬ 
ates on the second harmonic. When excited at an 
odd harmonic such as the third, the ungrounded 
antenna is electrically 1% wave lengths long. The 
resultant radiation from an harmonically operated 
antenna at any particular angle and horizontal bear¬ 
ing is determined by adding the effects of all the 
individual elements of the antenna at that angle and 
bearing. The current and voltages in the antenna 
elements differ in amplitude and phase, resulting in 
a difference in the electric fields produced in various 
directions. 



Fig. 17-22. Vertical ungrounded antenna operated on 
its third harmonic (three half waves). 


Consider now a vertical ungrounded antenna op¬ 
erated at its third harmonic. It will have three 
standing waves on it, as shown in Figure 17-22. 
The currents at points A and B are 180® out of 
phase, so that when maximum current is flowing up 
the antenna past point A, maximum current is flowing 
down the antenna past point B. Consequently, the 
radiation fields produced by the half-wave element 
at A and B are likewise 180® out of phase and at 
any point an equal distance in space from A and B 


they oppose each other. The polar pattern showing 
the characteristics of the radiation field is shown 
at the right of Figure 17-22. It should be noted 
that in addition to the low angle of radiation there 
results a high-angle lobe of radiation having direc¬ 
tive properties. The horizontal pattern of radiation 
from such an antenna when placed horizontally is 
shown in Figure 17-23a and that for two wave 
lengths in Figure 17-23b. 

17-21. Feeding the High-frequency Antenna— 
There are two methods generally employed for feed¬ 
ing power to the high-frequency radiating system. 
These are commonly known as the current-feed or 
low impedance and the voltage-feed or high imped¬ 
ance systems. The distinction is a somewhat forced 
one, but may be explained as follows. In the low 
impedance or current-feed scheme, the power is in¬ 
troduced into the antenna at or near a current maxi¬ 
mum, that is, at or near a voltage node. This is a 
point of low impedance, hence the transmission line 
‘‘sees’’ a low impedance (mostly resistive). If the 
line is of high impedance, an r-f matching trans¬ 
former or network is needed. In the high imped¬ 
ance or voltage-feed scheme, the feed is at or near 
a current node, that is, a voltage maximum point. 
The feed device “sees” a high impedance. 

There is nothing to prevent feeding at any inter¬ 
mediate point and it has been done many times. 
An impedance match must always be obtained to 
insure the desired transfer of power as described 
previously in the case of the standard broadcast 
vertical antenna. 



Fig. 17-23a. Horizontal patterns of radiation from an 
antenna three half wave lengths long. Solid line, vertical 
angle 15®; dotted lines, deviation from 15® pattern at 90® 
and 30®. The minor lobes coincide for all three angles. 
(Courtesy American Radio Relay League.) 
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Kig. 17—23b. Horizontal patterns of radiation from an 
elevated horizontal antenna two wave lengths long. Solid 
line, vertical angle 15®; dotted lines, deviation from 15° 
pattern at 90® and 30°. The minor lobes coincide for all 
three angles. (Courtesy American Radio Relay League.) 

One of the simplest methods of supplying’ power 
to a grounded antenna is to extend a lead-in from 
the antenna to the transmitUT, inductively coupling 
a few turns to the final amplifier and then continu¬ 
ing to a good ground system. Jn such a case the 
lead-in, as well as the antenna, forms the radiating 
system. The antenna, in this case, can be tuned to 
resonance by inserting an inductance, a capacitance, 
or a combination of both in the lead-in. The tuning 
and coupling are adjusted until the desired transfer 
of power is obtained. Such a system is, however, 
generally confined to low and intermediate fre¬ 
quency installations. 

17-22. Transmission Lines —It is desirable to 
place a high-frequency antenna as high and as clear 
as possible. It is then necessary to employ a trans¬ 
mission line to transfer power from the transmitter 
to the antenna. If the antenna is to be energized 
at a point of low impedance a current-feed system 
must be employed, and a voltage-feed system if ted 
at a point of high impedance. 

The tran.smission line generally consists of either 
a single wire or a pair of wires such as twisted pair, 
shielded pair, spaced open wires, or a concentric 
or coaxial line. The latter is but a single con¬ 
ductor inside a tube from which it is insulated by 
spacers in the form of rings. The tube is the other 
conductor. Flexible coaxial cable is made by using 
rubber or plastic dielectric for maintenance of spac- 
mg of the inner conductor and employing braided 
or other flexible metal shielding as the other 
conductor. 


In the case of open two-wire lines, the electric 
and magnetic fields extend into space. This effect 
produces radiation losses when sending and, when 
employed for reception, picks up noise and inter¬ 
ference. In a coaxial line, however, no electric or 
magnetic fields extend outside the outer conductor, 
all fields existing in the space between the two con¬ 
ductors, provided the line is properly terminated. 
A perfectly shielded line results. While the losses 
for a given length arc lower than for twisted or 
shielded pair, concentric liiie is more expensive and 
must be kept dry inside. To prev^ent condensation 
of moisture, coaxial lines are frecjuently filled with 
dry nitrogen at pressures ranging from 3 to 35 
pounds per squau inch. 

A shielded 2-wire line consists of two parallel 
conductors separated from each other by an insulat¬ 
ing dielectric material and encased in a copper- 
braid tubing which acts as a shield. The assembly 
is covered with a rubber or flexible jacket to pro¬ 
tect the line against moisture and abrasion. Such 
a line has the advantage of being balanced to 
ground, since the cai)acitance between each con¬ 
ductor and ground is uniform throughout its entire 
length. The shield prevents pick-up of stray fields. 

Open 2-wire lines are readily constructed to have 
impedances of 300 to 800 ohms. Lower impedances 
require closer spacing of the conductors, hence are 
desirable only for low power transmission and for 
reception. Rigid and flexible concentric or coaxial 
lines are available in impedances as low as 35 obms. 

In the case of open lines, or coaxial lines where 
the outer shield is one of the conductors, a certain 
amount of capacitance exists between one side of 
the line and any obstructions near it; consequently, 
the current flow is greater in one conductor than in 
the other. If radiation from the line is to be pre¬ 
vented, the current flow in each conductor must be 
equal in amplitude, thereby permitting complete can¬ 
cellation of the magnetic fields which must be equal 
and opposite in polarity. "J'he shielded line prevents 
such radiation losses to a considerable degree by 
maintaining balanced capacitance to ground. How¬ 
ever, by using a quarter-wave section as a trans¬ 
former, connected as shown in Figure 17-24, the 
unbalance can be transformed into a balanced feed 
line which may be connected to the center of a 
doublet. The transformer section of the same ma¬ 
terial as the coaxial feed line has its inner conductor 
connected to the outer conductor at each end and 
spaced % to 1 inch from the main feed line. The 
formula for cutting the quarter-wave section should 
use 0.95 as the propagation constant since the ef¬ 
fective elements of the transformer are the outer 
braids on the two coaxial cables. If the two paral¬ 
lel sections are strapped together the propagation 
constant will be somewhat less than 0.95 since the 
insulation of the cable is the major dielectric of the 
two sections. The device, nicknamed ^‘Bazooka,” 
when properly designed and installed prevents radi- 
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Kir;. 17-24, Method of transformiiiK from concentric 
(unbalanced) line to balanced load (dipole). 


ation from tlie line, thereby insuring preservation 
of the antenna pattern. 

Twisted-pair lines arc not u.sed at frequencies 
much greater than 14 me because of the high losses 
occurring in the rut)ber insulation. In fact, the 
high losses limit the length of such lines even at 
lower frequencies. 

In the microwave range the transmission line may 
be simply a tube or pipe. Such a transmission line 
is called a wave guide. The wave guide differs 
from the concentric or coaxial line in its mode, or 
rather modes, of operation. Figure 17-25 shows a 
section of a wave guide. One might be led to be¬ 
lieve that since the two walls are connected elec¬ 
trically, being of the same piece of metal, a short 
circuit would result. However, this is not so, since, 


nCTAININO SCREW FOR 
NOLOtNC SECTIONS TOGETHCI* 

A 


LOCATINC RIN———^ 
tOCATINC RIN HOtt-' 

Fig. 17-25. Section of a waveguide. (Courtesy Bell 
Telephone Laboratories.) 

in the wave guide, transmission is due to the electro¬ 
magnetic field within the pipe. Many types of field 
patterns are possible. The subject is too complex 
for a general text. Both rectangular and round 
wave guides are used extensively. The rectangular 
guide has in general less losses than the round guide. 

17-23. Tuned Open-wire Lines— The “zepplin” 
feed system, extensively employed by amateurs op¬ 
erating on frequencies above 3500 kc, is a go^ 
example of a resonant open-wire feeder system. In 
this case the voltage and current are not uniform 
along the line as in a line with a source and a load 


whose impedance matched the line. ‘‘Zepp” feeders 
are employed to energize a half-wave or multiwave 
doublet system at a point of maximum voltage. 

The feeder is es.sentially a full-wave doublet 
folded back on itself so that radiation from the two 
halves partially cancel each other. Since it is neces¬ 
sary to insert an inductance at the center of the 
doublet, in the form of a turn or two of wire so as 
to take power from the tank circuit, it is necessary 
to insert a variable condenser in each leg of the 
feeders in order to resonate the circuit to the oper¬ 
ating frequency. It is essential that each leg be 
approximately an odd quarter of a wave length 
long. The system has the advantage of permitting 
flexibility in frequency of operation. The current 
distribution along the resonant feeder system is 
shown in Figure 17-26a. Since the currents in the 
two wires of the transmission line are in phase op¬ 
position, radiation from the line is reduced. It is 
by no means negligible. 



Fig. 17-26a. Resonant line and voltagc-fed dipole. 


17-23a. The Tunable Doublet —Figure 17-26b 
shows a current-feed as contrasted with the voltage- 
fed .system just described. It becomes a voltage- 
fed system, however, when the antenna is operated 
on even harmonics of the fundamental frequency. 
When operated on a harmonic freijuency there will 
be multiple lobes of radiation but the minor lobes 

APPROX. APPROX. 



Fig. 17-26b. Resonant line and current-fed dipole. 
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are quite small as compared to the major lobes. 
The antenna need not be exactly an electrical half¬ 
wave in length as long as the whole system is reso¬ 
nant as a unit. Only one tuning condenser need be 
used if it is connected at the center of the coupling 
coil. Since one of the current maxima is located 
at this point a large capacitance may be necessary. 
Therefore, the single condenser is frequently re¬ 
placed by two condensers, mechanically coupled but 
electrically insulated from each other, each being in 
series with a line wire. 

Certain feeder lengths will require that the con¬ 
denser be placed across the coil rather than in series 
with it. 

17-24. Nonresonant Feeders —There are sev¬ 
eral methods of feeding power to an antenna by 
means of untuned or nonresonant transmission lines 
which include the various types of coaxial cable 
(concentric), twisted pair, shielded pair and two¬ 
wide (twin-lead) or parallel conductor line. Fig¬ 
ure 17-27 shows a half-wave antenna current fed 



at the center with twisted pair feeders. Serious 
losses appear in the line unless the line is chosen to 
have an impedance matching that of the dipole cen¬ 
ter, i.e., about 72 ohms. Line impedance is dis¬ 
cussed in the next section. A line of higher imped¬ 
ance may be matched to a dipole by use of the 
scheme of Figure 17-28. 



Fig. 17-28. Delta-match antenna. Example of feed system 
intermediate between current-feed and voltage-feed. 


17-25. Characteristic or Surge Impedance— 

All transmission lines possess distributed induc¬ 
tance, capacitance, and resistance. The inductance 
is in series with the line, the capacitance across the 
line, and resistance consists of wire resistance, also 
leakage paths across the line plus dielectric and radi¬ 
ation losses. In radio circuits using coils and con¬ 
densers the inducta’nce and capacitance are present 
in definite lumps but in r-f transmission lines they 
are, as previously stated, distributed and cannot be 
separated from each other. The value of these 
properties determines the characteristic impedance 
of the transmission line. The resistance is usually 
neglected and the surge or characteristic impedance 
defined in terms of the size and spacing of the 
conductors and, in some cases, the dielectric sepa¬ 
rating them. 

The characteristic impedance of an open two- 
wire line with air as a dielectric may be obtained 
from the formula: 

/o ~ 276 logio — 
a 

where b is the spacing between the centers of the 
conductors and a the radius of the conductors. 
Both b and a may be stated in any units, but the 
same unit must be used for both. 

Because the difference in construction of a con¬ 
centric line causes the distributed inductance and 
capacitance to vary in manner different from the 
open two-wire line the characteristic impedance of 
the concentric line is: 

Zq = 138 logio -- 
a 

where b is the inner diameter of the outer conductor 
and a is the outer diameter of the inner conductor. 

When the transmission line is terminated in its 
characteristic impedance, the maximum power is 
delivered to the load. The voltage and current 
along the line do not pass through nodes and loops, 
i.e., there are no standing waves. If the termina¬ 
tion is not correct, reflection of energy occurs and 
standing waves are formed on the line and, instead 
of the load taking the energy from the line as fast 
as it is delivered, some is dissipated in the line. A 
transmission line is said to be “flat” when it is free 
of standing waves. 

The presence of reflected or standing waves can 
be determined by running a current-indicating de¬ 
vice along the line and noting the presence of cur¬ 
rent loops and current nodes or by the use of other 
devices described later in this chapter. In the case 
of a coaxial line constructed of a solid or continuous 
insulating material, standing waves sometimes mani¬ 
fest themselves by heat which can be felt at half¬ 
wave lengths along the line. The losses in coaxial 
lines, especially those having rubber dielectric, in¬ 
crease rapidly with the increase in ratio of standing 
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waves since the losses in solid dielectric increase as 
the square of the voltage, or more. 

Standing waves on a transmission line upset the 
desired radiation pattern of an antenna since the 
line itself is then acting as part of the radiating 
system and new lobes of radiation appear, some of 
which may cancel as well as reinforce the main 
lobes by the antenna. 

17-25a. Propagation Constant —In Chapter I 
it was stated that the velocity of radio waves in 
free space is equal to the velocity of light, or ap¬ 
proximately 300,000,000 meters per second. Be¬ 
cause radio-frequency energy travels (or is propa¬ 
gated) more slowly through a wire than in free 
space, a wave length is shorter on the wire than in 
space. The reduction in velocity results from the 
capacitance effects between the wires themselves 
and between each wire and ground as well as the 
increase in effective capacitance occasioned by the 
presence of the insulating material between the 
wires. The factor by which the velocity in a line 
is reduced from the velocity in free space is called 
the propagation constant. The propagation con¬ 
stant for some common lines is as follows: 


Parallel line (air insulated) . 0.975 

Parallel tubing (air insulated) . 0.95 

Parallel line (polyethylene insulated 300 ohm line) 0.82 

Coaxial line (air insulated) . 0.85 

Coaxial line (RG-58/U) . 0.66 

Coaxial line (RG-ll/U) . 0.66 

Twisted pair. 0.60 


It is necessary to take into consideration the 
propagation constant when designing transmission 
lines of specific wave lengths or fractional wave 
lengths and antennas having spaced elements. 

17-25b. Effects of Weather —Certain flat twin- 
lead types of transmission lines employ a continuous 
web of polyethylene-as the insulation between the 
conductors and since the capacitance between the 
conductors is a function of the characteristic imped¬ 
ance anything that changes the dielectric constant 
of the capacitance formed by the two wires will 
necessarily change the impedance of the line and 
hence may result in a mismatch. In the case of the 
300-ohm type of twin-conductor transmission line, 
the wires are so widely separated that the fields set 
up about the conductors operate in the immediately 
surrounding air as well as the polyethylene insula¬ 
tion. Under dry conditions the value of C is de¬ 
pendent only on the air and insulator. However, 
when the lines become wet, a third element is intro¬ 
duced, producing a new value of C and consequently 
a change in the characteristic impedance. The ef¬ 
fects of surface moisture are less noticeable with 
the more closely spaced polyethylene transmission 
lines. Some types of twisted-pair lines become 
almost useless during rain. 

17-26. ‘‘Delta-match” Impedance —Figure 17-28 
shows the “delta-match” system of terminating a 
high-impedance transmission line at a half-wave 


doublet. The impedance match is approximated by 
fanning out the transmi.ssion line in the form 
shown. The constants A and B oi the delta match 
arrangement are rather critical and the antenna 
must be resonant at the operating frequency in 
order to minimize standing waves on the line. If 
the antenna is to be operated on one of its har¬ 
monics, the dimensions A and B of the delta portion 
are different. 

17-27. Open Quarter-wave Stub as Impedance 
Matching Transformer —An open or nonshorted 
quarter-wave section of transmission line can be 
used to advantage to couple a two-wire transmission 
line, without tapping to an antenna; or to couple 
two transmission lines having different impedance 
characteristics. 

The characteristic impedance of the section re¬ 
quired to perform this operation can be obtained 
from 

Zo == VZi X Z.2 

Hence if it is desired to match a 600-ohm line to 
the center of a half-wave doublet which has a char¬ 
acteristic impedance of 72 ohms, a section would be 
required to have an impedance of 208 ohms. In 
practice this ii accomplished by using tubing with 
close spacing, the design being dependent on the 
inner and outer diameter of the tubing and the 
.spacing. 

Half-wave sections may also be used as a match¬ 
ing transformer but do not permit of the flexibility 
of operation of the quarter-wave section since the 
section acts as a 1 to 1 transformer and repeats at 
one set of terminals whatever impedance is present 
at the other. If the three impedances, i.e., the two 
lines and the section are of the same general order 
of magnitude a fair match can be obtained. 

17-28. Length of Quarter-wave Sections —The 
length of a quarter-wave section is as follows: 

_ 2467 

/ 

where L equals length in feet, f the frequency in 
megacycles and V the velocity factor (see table, 
page 722). 

17-29. Impedance Matching Network or Stub 

—Figure 17-29 shows three arrangements whereby 
an antenna may be either voltage or current fed by 
utilizing both a resonant and nonresonant trans¬ 
mission line. The resonant line acts as an imped¬ 
ance transformer. Assume that it is desired to 
end-feed a half-wave antenna by means of an open- 
wire 600-ohm nonresonant transmission line. To 
do this the feeding must be done at a point of 
maximum voltage. From our previous description 
of voltage and current distribution we learn that 
the voltage is maximum at the end of the half-wave 
antenna and, consequently, presents an impedance 
much greater than 600 ohms. We have also 
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learned that if a transmission line is to be “flat.” 
i.e., free of standing waves, it must be terminated 
in its characteristic impedance and the terminating 
impedance should be approximately a pure resist¬ 
ance. The impedance of a shorted quarter-wave 
resonant section or stub of a transmission line is 
zero at the shorting bar, increasing as the open end 
is approached. Consequently, it becomes a practi¬ 
cable matter to connect a quarter-wave matching 



SHORTING BAR 



^ANTENNA 





FEEDER TAPS NEAR 
END OF STUB 


JSTUB 


Fk;. 17-29. Matching stubs. 




stub at the end of a half-wave antenna and properly 
terminate the 600-ohm nonresonant line. Referring 
to Figure 17-29a, in order to adjust the section so 
that the point of connection of the nonresonant line 
can be made equal to the characteristic impedance 
of the nonresonant line, it is necessary only to in¬ 
crease or decrease the distance between the shorting 
bar and the point at which the nonresonant line is 
to be connected to the stub. As stated previously 
the impedance is increased as we move outward 
from the shorting bar. The quarter-wave stub is 
made resonant at the operating frequency by proper 
placement of the shorting bar and when this is done 
maximum voltage appears at the end of the stub 
where it is connected to the antenna, and when the 
non-resonant line is terminated in its characteristic 
impedance at the proper point on the matching stub, 


maximum transfer of power from the transmitter 
to the antenna will occur. 

17-30. Current Feed with Matching Stub— 
When a stub is used to current-feed an antenna the 
case is different in one way only. If a shorting bar 
is used the stub must be a half-wave (or any num¬ 
ber of half-w'aves) long as in Figure 17-2%. If 
no bar is used the stub must be ^4 wave long as in 
Figure 17-29c. In general, shorted stubs are em¬ 
ployed in antenna transmission line applications 
since they have lower radiation losses and are easier 
to adjust and support. 

17-31. Terminating the Shorting Bar —The 

proper points on the quarter wave at which the 
shorting bar is to be connected is found by exciting 
the antenna by coupling another half-wave section 
close enough to permit detecting points of maximum 
current when the auxiliary or exciting antenna is 
energized by a transmitter or signal generator. 
With tiic antenna in such a position that the stub 
can b' reached and with the nonresonant feeders 
disconnected, an r-f milliammeter or low-current 
dial light should be connected across the stub near 
the point where it is anticipated the final connections 
of the stub will be made (near the end) and then 
moved along the line until the j)oint of maximum 
current is found. After finding the point of maxi¬ 
mum current, remove the current indicating device 
and solder a wire across the stub at that point. 

When an r-f current-squared galvanometer is 
used the coupling can be made very loose and the 
power of the transmitter reduced. If a low-current 
dial light is used sufficient power and coupling 
should be used to make the light incandescent as it 
is moved along on the stub. Care should be taken 
not to burn out either meter or lamp as a point of 
maximum current is approached. 

Precaution should he taken to insure that the d-c 
plate voltage is not connected to the exciting doublet 
preliminary to engaging in this tuning procedure 
since direct contact with the plate voltage might he 
fatal. 

After the shorting bar is properly connected in 
the case of a quarter-wave stub, the auxiliary an¬ 
tenna is disconnected from the transmitter and the 
nonresonant feeders connected to the transmitter 
for operation. The feeders are temporarily con¬ 
nected at a point on the stub about a quarter of a 
quarter wave from the shorting bar with the trans¬ 
mitter turned on, the feeders arc moved up and 
down until a point is reached where the standing 
waves are at a minimum. 

17-32. Tuning an Open-ended Stub —The 
process of tuning an open-ended stub is a little more 
involved than tuning a quarter-wave stub with a 
shorting bar since it requires a field strength indi¬ 
cating device and pruning of the stub to the proper 
length. The stub is, for convenience, made slightly 
longer than the calculated value. 

The field strength indicating device can be as- 
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semblcd with an r-f milliammeter and pick-up coil 
or a tuned circuit operating into a diode rectifier 
in series with a d-c milliammeter. The field 
strength meter should be placed sufficiently close to 
the radiator to get a convenient deflection and as 
far from the exciting antenna as possible. 

With the nonresonant feeders disconnected, the 
wires of the stub should be either folded back on 
themselves or clipped a few inches at a time until 
a peak reading is registered on the field strength 
current indicating device. 

The feeders may then be attached at a distance 
approximating three-quarters of quarter wave from 
the end of the stub after which they may be moved 
along the stub until the standing wave ratio is at 
a minimum. After the feeders are attached finally 
the stub may require touching up for a final adjust¬ 
ment to minimize standing waves since the feeders 
may detune the stub slightly. 

17-33. Detection of Standing Waves —The 
standing wave ratio can be determined: 

Standing wave ratio = 

•^min 

The points of maximum voltage on a transmission 
line can be determined by an r-f voltage indicator 
or by determining the points of maximum current. 

The minimum or nodal points of voltage will 
occur at points of maximum current, consequently, 
a voltage maximum will appear at a quarter wave 
length from the point of maximum current. A 
standing wave detector operating as a current indi¬ 
cator can be made up with a one-turn pick-up loop 
of sufficient diameter to fit over the transmission 
line with the ends connected to a small 6-volt dial 
light or an r-f thermo galvanometer. A low-range 
d-c milliammeter connected in series with a crystal 
detector may also be used as a current-indicating 
device. 

Approximate points of maximum voltage may be 
detected with a neon bulb but it is essential to keep 
in mind that once the gas is broken down entirely 
very little difference in brilliancy can be noted. 
Furthermore, it is important to be sure that the 
enamel may not be evenly distributed and deceptive 
maximum may be detected, should the line have this 
kind of insulation. 

In practice it is possible to obtain at least a 2 to 1 
standing wave ratio. An impedance mismatch of 
several percent is of little consequence as far as 
power transfer to the antenna is concerned; how¬ 
ever, it is important to have the current in each side 
of the line equal in phase and amplitude. If the 
currents are not at the same value at points on the 
adjacent wires of transmission line, radiation losses 
along the line will be high. This balance can be 
achieved only by perfect symmetry along the line 
and with respect to the ground. 


17-34. Quarter-wave Stubs as Wave Traps or 
Filters —Figure 17-30 shows the application of a 
closed quarter-wave stub as a line filter or wave 
trap for the purpose of suppressing even harmonic 
radiation from a transmitter. The closed or shorted 
quarter-wave stub or filter offers infinite impedance 
at the resonant frequency but at the second har¬ 
monic or any other even order of harmonics the 
stub offers a low impedance and thus any energy at 
these frequencies appearing in the line is effectively 
by-passed to ground. The stub may be connected 
at any point along the line. 



Fig. 17-30. Quarter-wave stub as a filter. 


Since the quarter-wave stub offers maximum im¬ 
pedance at the resonant frequency, it may also he 
used as a metallic insulator to support the trans¬ 
mission line. The shorted end of the stub can be 
connected to ground thus providing protection from 
lightning. 

An open quarter-wave stub may be used also as 
a suppressor of even harmonics. In this application 
the stub is connected in series with the line as shown 
in Figure 17-31. 



Fig. 17-31. Open quarter-wave stub used as a suppressor 
of even harmonics. 


Neither closed nor open quarter-wave stubs can 
be used as filters or as a suppressor of odd har¬ 
monics since at each odd harmonic frequency the 
stub is an odd multiple of a quarter-wave and hence 
offers little impedance at these frequencies. 

A quarter-wave stub may be utilized to advan¬ 
tage as a wave trap to eliminate interference to 
reception. In this case interference from the 
strong field of an F-M station can be attenuated or 
eliminated from a television receiver or vice versa 
by connecting an open-end quarter-wave stub at the 
terminals of the receiver. The flat or ribbon type 
300-ohm line can be used to advantage for this pur¬ 
pose. The stub can be tuned by providing a trom¬ 
bone tuner arrangement in the form of a short 
length of tinfoil, about 4 inches, as a slider, thereby 
permitting the use of the stub on several channels 
according to the frequency of the interference ex- 
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Fig 17-32 We«!tern Ilectric 3A powtr ind impedinct monitor 


pencnceci at the time Tt will also permit frequency 
adjustments occasioned bv clnnf:fes in either 
conditions 

17-35 Monitoring Power and Impedance at 
High Frequencies—The Western Llectnc 3A 
power and impedance monitor shown in Figure 
17-32 IS a device designed for F-M broadcasters by 
the Bell Telephone Laboratories to serve as a radio- 
frequency wattmeter to make standing wave i itio 
measurements available at all times, and to protect 
the transmitter and transmission line from damage 
due to radical changes m transmission line load im¬ 
pedance The 3A monitor is standard equipment 
in Western Electric 3-kw, 10-kw and 50-kw F-M 
transmitters 

The method employed in this device was first dis¬ 
closed by J F Morrison of the Bell Telephone 
Laboratories m a paper before the IRE Conven¬ 
tion in March 1947 

The function and features of the device have been 
described by E L Younkcr as follows® 

“The power delivered by the transmitter may be 
readily determined by means of the power and imped¬ 
ance monitor even though the input impedance of the 

® ‘ A Method of Determining and Monitoring Power and 
Impedance at High Frequencies J F Morrison and E L 
Younker 

® An RF Wattmeter and Impedance Monitor for FM 
Broadcasting,” E L Younker, Western Electric Oscillator, 
July 1947 


antenna is not known An actual power determination 
consists simply of taking two readings of a specially 
calibrated power output meter installed on the trans¬ 
mitter front panel, and subtracting the smaller reading 
from the larger Thi largtr power reading is equal to 
the amount of power intident upon the antenna system 
(that power which would be absorbed by the system 
if the antenna impedance matched the line impedance 
perfectly), while the smaller is equal to the amount 
of power reflected back to the transmitter by the an¬ 
tenna (such reflection will occur if the antenna imped¬ 
ance does not match the transmission line) 1 he power 

output meter normally indicates the incident power by 
merely depressing a switch, the same meter is made to 
indicate reflected power 

“Thus the power monitor gives an accurate indication 
of the r-f power actually delivered to the transmission 
line and antenna system, regardless of the magnitude of 
the transmission line standing wave ratio Ihe com¬ 
monly used single probe voltmeter or ammeter method 
has a large inherent uncertainty in the presence of a 
standing wave of unknown phase and magnitude The 
possible error in power determination as a function of 
standing wave ratio (SWR) is shown by curve A and B 
in Figure 17-33 For example, if the standing wave 
ratio is two, the computed power will be twice the true 
power if the probe is at a maximum position, while the 
computed power will be one-half the true power if the 
probe IS at a minimum position If the probe does not 
fall at a maximum or minimum point, the error will 
lie on the vertical line between curves A and B which 
intersects the abscissa at SWR = 2 Since the position 
of a standing wave is seldom known, a serious uncer¬ 
tainty, if not actual error, nearly always exists On 
the other hand, since the indication of the power moni¬ 
tor has been made insensitive to the phase of the stand- 
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ing wave by taking both the current and the voltage 
simples at the same point in the line, the error in power 
determination with the monitor is very small, regardless 
of the standing wave ratio. Experimental measure¬ 
ments have shown that the measured power agrees with 
the true power to within 5 per cent for standing wave 
ratios up to 2.5 and to within 10 per cent for standing 
wave ratios from 2.5 to 6. 



CURRENT 

OR 

VOLTAGE MONITOR 



B. 

COMBINED CURRENT 
AND 

VOLTAGE MONITOR 


Fig. 17-33. Possible error in power determination as a 
function of standing wave ratio. 


“Measurement of a transmission line impedance mis¬ 
match is equally simple with the monitor. The reflected 
power reading of the power output meter is in itself a 
measure of the line mismatch; this reading will be zero 
for a perfectly matched line and should not exceed about 
5 percent of the incident power for a reasonably well- 
matched line. The incident and reflected powers are 
intimately related to the standing wave existing on the 
transmission line and therefore the two meter readings 
mentioned above provide sufficient information for the 
determination of the standing wave ratio. The stand¬ 
ing wave ratio is in practice determined by reference to 
a table or chart which relates standing wave ratio to 
incident and reflected power. The power monitor’s ad¬ 
vantages of simplicity and speed are apparent when one 
recalls the labor of making standing wave measurements 
with the ‘slotted-line section,’ where a voltage or current 
probe must be moved along the transmission line for at 
least a quarter wavelength (approximately 2^/4 feet at 
100 me). 

“A circuit is incorporated in the monitor which pro¬ 
tects the transmitter against the harmful effects of large 
changes in the load impedance. It also protects the 
transmission line against arcs, initiated by lightning or 
other causes and sustained by r-f power derived from 
the transmitter. This protective ability of the Power 
Monitor is based on the fact that as the transmission 
line mismatch increases, the amount of reflected power 
also increases. A small d-c current, which is propor¬ 
tional to the reflected power, flows through the winding 
of the relay. The sensitivity of the relay is adjusted 
so that operation will occur whenever the reflected 
power exceeds a predetermined value. Operation of 
the relay applies a cut-off bias to two frequency doubler 
stages in the transmitter, thus interrupting the r-f out¬ 
put of the transmitter. With no r-f output from the 
transmitter there is no reflected power, and if the 
trouble is cleared, normal operation is restored. The 
duration of the on time is Mo second. A small signal 
light, which continues to glow until reset by the oper¬ 
ator, indicates that the interruption was caused by a 
high power reflection on the line. 

“Figure 17-34 shows how voltage and current pickups 
are used in the power monitor. Two circuits (one to 
measure incident power, the other to measure reflected 
power) are arranged back to back on a coaxial line inside 
a shielded enclosure. These circuits arc alike except that 
in the incident power circuit the fixed resistor is con¬ 


nected to the load side of the slot while in the reflected 
power circuit the resistor is connected to the generator 
side of the slot. Each circuit is an independent unit; 
they are placed near each other only for mechanical 
convenience in the circuit which measures incident 
power, an r-f voltage due to the voltage and current 
pickups is impressed upon a crystal rectifier. The recti¬ 
fied current from the crystal flows through potentiometer 
POT. 3 and a d-c milliammeter. Switches SI and S2 
are normally in position 1. Switch SI is used onl/ 
during calibration of the power monitor; Switch S2 is 
used during operation of the transmitter to connect the 
power output meter to either the incident or the re¬ 
flected power circuit. In the circuit which measures 
reflected power, a voltage due to the other set of volt¬ 
age and current pickups is impressed upon a crystal 
rectifier. The rectified current from this crystal flows 
through the winding of a sensitive relay and the i)otenti- 
ometer pot. 2 to ground. This rectified current may 
be made to flow through the milliammeter by throwing 
Switch S2 to position 2. It should be noted here that 
a rectified current proportional to the amount of power 
reflected by the antenna flows through the relay winding 
regardless of whether or not the reflected power is 
being indicated on the meter. Thus the protective relay 
is operative at all times. 


ro iransmitteR'Disablino 

CIRCUIT 



Fig, 17-34. Western Electric 3-A power and 
impedance monitor. 


“The voltage pickups in the r-f circuits are made vari¬ 
able to permit the adjustment of the magnitude of the 
line voltage sample relative to the line current sample. 
When these voltage samples which arc impressed upon 
the crystal rectifiers are properly proportioned, the 
output of the incident power crystal is independent of 
any energy reflected by the antenna, and the output of 
the reflected power crystal is independent of energy 
incident upon the antenna. The balance adjustment of 
the voltage pickup is independent of frequency; for this 
reason one factory adjustment of the voltage pickup is 
all that is required, no matter at what frequency in the 
FM band the Power Monitor is used. 

“The monitor is calibrated as a wattmeter by deter¬ 
mining the amount of power dissipated in a matched 
load, and then adjusting the potentiometer in the d-c 
circuit (Figure 17-34) to obtain the correct indication 
on the power output meter. The power output meter 
is a d-c milliammeter mounted on the transmitter front 
panel for the convenience of the operator, which has 
been’ calibrated in kilowatts according to the experi¬ 
mentally determined relation between r-f power and 
rectified current of the germanium crystal rectifiers 
used in the monitor. The kind of scale obtained from 
this calibration is illustrated in Figure 17-35 where the 
power output meter for a 10 kw transmitter is shown. 
The fact that the scale is expanded in the lower power 
region is significant because good accuracy is desired in 
the measurement of low (reflected) as well as high 
(incident) powers.” 
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An example of a test setup for a transmitter is 
shown in Fijjure 17-36. 

17-36. Long Wire Antennas —It has been 
stated that when an antenna is excited at an integral 
multiple of a half-wave length (harmonic excita¬ 
tion) there results additions and cancellations of 
current in the half-wave which produce .several 
lobes of radiation at various angles with the antenna. 



Fig. 17-36. Representative test circuit. 


The current in each half-wave section is out of 
phase and to maintain this out of phase condition 
throughout the length of the antenna, it is necessary 
to feed it at one end as voltage feed or in the 
center of a half-wave at a current loop. When the 
antenna is more than four half-wave lengths long 
the end lobes of radiation increase while the broad¬ 
side lobes become smaller although numerous in 
number as the order of harmonic operation is 
increased. 

The directivity of a long line antenna does not 
increase much as the length of the radiation is in¬ 
creased beyond 15 wave lengths. In fact, at about 
15 wave lengths the antenna becomes aperiodic and 
will radiate well over a wide range of frequencies. 

In the case of a long wire antenna operating at 
several half-wave lengths it is necessary to use a 
different formula than that used for a simple half¬ 
wave doublet, since the end effects are present only 
on the end sections. In the remaining portion of 


the antenna length, these effects are absent and the 
antenna length is approximately that of an equiva¬ 
lent portion in free space. Hence the length of a 
long wire antenna is calculated from the formula: 

, 492(« - 0.05) 

f 

where L is length in feet, f the frequency in mega¬ 
cycles, and n the number of half waves on the 
antenna. 

17-37. The V Antenna —One of the simplest 
types of long wire directive antennas is the V 
shown in Figure 17-37, which consi.sts of two long 
resonant wires such that each wire carries equal 



current and have the same phase relation. A single 
V antenna is bidirectional in a direction opposite 
the apex of the V. The amount of directivity 
obtainable is greater the longer the wires and in 
some commercial applications each leg may be at 
least 8 wave lengths long and with such an array 
a power gain of 39 is obtainable. A lesser degree 
of directivity re.sults from reduction in the number 
of wave lengths per leg. When the sides of the V 
are short the apex angle at which the power gain 
of the antenna is hiaxinium is small. For example, 
if the legs are one wave length long, maximum gain 
is obtained with an apex angle of 90° rather than 
the 105° corresponding to exact superposition of 
the major lobes. 

V antennas can be stacked or displaced hori¬ 
zontally for the purpose of achieving both direc¬ 
tivity and gain. The antenna may be fed by termi¬ 
nating it in its characteristic impedance, by proper 
choice of transmission line, or by use of a matching 
transformer. 

17-38. Rhombic Antennas —The rhombic or 
diamond antenna shown in Figure 17-38 has long 
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been popular for both transmission and reception of 
radio signals. Gains of 13 to 20 db are readily 
obtained in both transmission and reception. Gen¬ 
erally it is erected horizontal to the earth and sup¬ 
ported on poles at each corner giving it the configu¬ 
ration of a diamond from whence it derives one of 
its identifications. The rhombic antenna, if termi¬ 
nated in a resistor as shown, is essentially non¬ 
resonant and, therefore, not critical as to frequency. 
It can be erected vertically and lends itself to very- 
high-frequency applications where directivity and 
gain are desired. 

In order to realize the gain of which the rhombic 
antenna is capable each leg of the antenna should 
be at least three times the wave length. As the 
length of each leg is increased the gain is increased 
and the beam narrowed. If the length of a leg is 
six or more times the wave length, the beam becomes 
so narrow that the angle of orientation in the direc¬ 
tion of transmission must be quite accurate. A 
power gain of 8 to 1 can be secured with such an 
antenna having six wave lengths on each leg. The 
directivity of the rhombic antenna is dependent on 
the height above ground, the side angle, and the 
over-all length of each of the four wires comprising 
the radiators. 

The terminating resistance is approximately 700 
to 800 ohms and when properly terminated the for¬ 
ward gain is increased and the radiation is unidirec¬ 
tional, as shown by the arrows. When employed 
for transmission, the terminating resistance must be 
capable of dissipating about one-third of the power 
output of the transmitter. When this resistance 
is omitted the antenna is bidirectional having about 
the same gain forward and backward. 

The input resistance of the rhombic antenna, as 
reflected into a transmission line that feeds it, is 
somewhat smaller than the terminating resistance 
by SO to 100 ohms. Consequently, if the terminat¬ 
ing resistance is 700 ohms, the transmission line 
should have a characteristic impedance of approxi¬ 
mately 600 ohms. 

If it is desired to make the rhombic antenna bi¬ 
directional, feeders are run to the far end and by 
means of switches and relays terminating resistors 
are cut in or out according to the mode of operation 
selected. 

17-39. Franklin or Colinear Antennas—The 

Franklin antenna consists of a number of half-wave 
dipoles placed end to end, all operating in phase. 
They are coupled together by coils tuned to resonate 
at the operating frequency. These coils are in ef¬ 
fect nonradiating half-wave sections. As the cur¬ 
rents in the active, or radiating, sections are all in 
phase the effect is to radiate a disc-shaped, rather 
than a doughnut-shaped field, that is, the radiation 
is decreased at high angles and increased at low 
angles as shown in Figure 17-39. Low-angle radi¬ 
ation at high frequencies is conducive to long¬ 
distance transmission at high frequencies. This is 


readily understood if one remembers that the angle 
of incidence from the ionosphere is equal to the 
angle of reflection. Consequently, an antenna de¬ 
signed to radiate at low angles will have its energy 
returned to earth from the ionosphere at greater 
distances than one designed to operate with high 
angles of radiation. 



Fig. 17-39. Colinear or Franklin antenna. 


17-40. Broadside and End-fire Directivity— 

Whenever the spacing and phasing of the elements 
of an array are wsuch that the direction of maximum 
radiation or reception is broadside to the plane of 
the wires comprising the antenna, it is referred to 
as a broadside array. The Sterba or barrage an¬ 
tenna described subsequently is one form of a broad¬ 
side array. Broadside arrays can be suspended 
either horizontally or vertically, depending upon the 
kind of polarization of the radiated wave desired. 
When the array is suspended horizontally the hori¬ 
zontal pattern is that of one element. 

17-41. End-fire Arrays—If the phasing and 
spacing is such that the direction of maximum radi¬ 
ation occurs along the line of the antenna elements, 
the array is said to have end-fire directivity. End- 
fire directivity is accomplished by spacing two half¬ 
wave dipoles or colinear elements at various separa¬ 
tions in fractions of a wave length, generally less 
than % wave length displacing the currents in the 
elements by 180®. The gain at % wave length spac¬ 
ing is about 2.2 db whereas Yg wave length spacing 
increases the gain to 4.3 db over a single dipole. 
Proper phasing is accomplished by the manner in 
which' the transmission line is connected to the 
elements. 

17-42. Multiple Stacked Arrays —One of the 

first types of stacked dipole arrays was developed by 
E. J. Sterba of the Bell Telephone Laboratories for 
use on transoceanic radiotelephone circuits and is 
identified as the Sterba curtain. The original Sterba 
curtain consisted of several half- and quarter-wave 
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elements stacked vertically so as to radiate a verti¬ 
cally polarized wave. However, merely by turning 
the antenna on its side, it can be used for horizontal 
polarization. The array as shown in Figure 17-40 



Fir,. 17-40. Sterba antenna, vertical polarization, 
bent dipoles. 

is constructed of one or more half-wave sections in 
phase with a quarter-wave .section at each end. 
Since the wires of the elements are one continuous 
length of wire, it is possible to connect them to a 
source of alternating current of sufficient power to 
melt ice and snow in the northern latitudes. 




The a-c mains can be attached to a quarter-wave 
stub, thus preventing the r-f energy from backing 
up into the power lines. 

The Sterba curtain with its half-wave length 
spacing of the elements has a comparative high radi¬ 
ating resistance and, consequently, is easy to feed 
and has low inherent losses as compared to close¬ 
spaced arrays. The Sterba curtain when elevated 
horizontal to the ground is bidirectional. Figure 
17-41 shows various methods of feeding such an 
array. 

There have been several adaptations of the Sterba 
array employed by amateurs and identified as the 
“Lazy and X-H array as shown in Figure 
17-42, the latter an expanded version of the “Lazy 
H” but instead of one-half wave spacing the two 
sets of colinear elements are spaced approximately 
0.65 of a wave length By using this increased 
spacing, increa.sed brojidside directivity is achieved. 
The phasing sections are not transposed as in the 
case ot the “Lazy I'hc X-H ar/ay can be 

used on half frequency without change thereby per¬ 
mitting two-band operation. Jn other words, if the 
array is designed for 28-mc operation, it can be used 
for 14-mc operation; however, the gain at the half¬ 
frequency will be somewhat decreased. 

Stacking of horizontal antennas permits attaining 
increased gain without added horizontal directivity. 

17-43. Close-spaced Arrays —Close-spaced ar¬ 
rays are those in which the spacing of the elements 
is less than wave length. Dr. G. H. Brown of 
RCA has (lone considerable research in the field of 
directive antennas and has shown that it is possible 
to use spacing as low as 0.05 wave length. 




Fio. 17-41. Sterba antenna showing various methods of feeding. 
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Fig. 17-42. “Lazy-H” and “X-H” arrays. 


One of the most popular of the close-spaced arrays 
employed by amateurs is the Kraus flat top beam- 
depicted in Fig^ure 17-43. Close spacing of the 
elements makes it possible to secure the proper 
phase relation by crossing the wires at points of 
maximum voltage, instead of resorting to phase 
reversing half-wave sections as employed in the 
Franklin antenna. Any number of sections may 
be used, dependent upon the space available, how¬ 
ever, there is not much-gain secured when more 
than four sections are employed. 


/ 

BEAM 



Fig. 17-43. Kraus flat top array. 

L. Radiating elements. S. Spacing. D. Spacing be¬ 
tween sections. A. Matching stub. 


The Kraus flat top array is bidirectional when 
operated at the fundamental frequency and the 
maximum signal is transmitted broadside to the 
array. The single-section type produces such a 
pattern when operated on both the fundamental and 
second harmonic. Multisection types have four 
main lobes of radiation on the second and higher 
harmonics. "The gain over a single dipole is as 
follows; 

1 section: 4 db 

2 section: 6 db 

3 section: 7 db 

4 section: 8 db 

It is necessary to use tuned feeders if the flat top 
beam is to be used on more than a single frequency 
band. In general, the beam is fed at the center 
when used as a flat top; however, if suspended 
vertically it is of advantage to feed it at the lower 
end. 


17-44. Reflectors —The use of reflectors to give 
unidirectional transmission is as old as Heinrich 
Hertz\s pioneer work. I'oday a “parasitic reflector” 
is taken to mean an antenna excited by absorption 
from the field of the main antenna. It is as a rule 
equal to or longer than the antenna. The meaning 
of “energized reflector” is obvious. For instance, 
in the Kraus flat top, we have such a device. 

17-44a. Unidirectional Dipole Arrays—G. II. 
Brown ^ in his classical paper on directional an¬ 
tennas explained how a unidirectional radiation pat¬ 
tern could be developed by using two antennas 
having the proper spacing and phase relations, 
thereby providing a means of securing directivity 
and gain. Examples are given by Dr. Brown which 
show how such arrays can be used to protect the 
service areas of broadcasting stations operating on 
tlie same frequency assignments. 

In the case of a single parasitic reflector, it was 
found that spacings less than a quarter-wave length 
are desirable in both the transmitting and receiving 
case. Also, Dr. Brown showed that the parasitic 
antenna functions eiiually as well as a director or 
reflector. The spacing and length of the parasitic 
clement determine whether it is used as a reflector 
or director. A parasitic reflector is always a little 
longer than an electrical half-wave length and a 
director a little shorter than an electrical half-wave. 

17-45. Four-element Close-spaced Arrays —Both 
the forward gain and front-to-back ratio are im¬ 
proved as the number of elements are increased 
from two to four. The following measurements 
are due to Rex Bassett.® 


Type 

Gain {db) 

Front-tO’Back (db) 

2 clement 

. 4 

10 

3 element 

. 10 

30 

4 element, 

. 13 

35 

Type 

Multiplying Power 

Front-to-Back Power 

2 element 


10 to 1 

3 element. 

. 10 times 

1000 to 1 

4 element 


3100 to 1 

7 G. H. Brown, “Directional Antenna,“ Proc. I.R E., 
January, 1937. 

8 “The 
1939. 

4-Element Rotary,” Rex 

Bassett, Radio, May, 
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Fk.. 17-44 1 our-eleinent array. 


In the case of a four-element array the elements 
comprise a radiator, a reflector and two directors 
of equal length, as shown in Figure 17-44. 

The radiation resistance, which represents the 
impedance at the center of the radiator or driven 
element, is shown in the following table for each 
type of array 

1 ype Radtatton Resistance 

2 element 14 ohms 

3 element 8 ohms 

4 element 5 ohms 

As a result of the low resistance the currents are 
high and the r-f voltage at the ends of the elements 
IS also high. Good insulation is required The 
phase relation between the elements will be affected 
in wet weather if poor insulation is used Close- 
spaced arrays used by amateurs generally consist 
of self-supporting quarter-wave elements, thus 
avoiding insulation difficulties at points of high r-f 
voltage. Since the Q of a close-spaced array is 
high, it is selective as to frequency; consequently 
the efficiency falls rapidly either side of the resonant 
frequency. 

17-46. Power Gain as it Affects the Dipole— 

When a half-wave dipole is terminated correctly in 
the transmission line and the latter matched cor- 


rectl> to the receiver input impedance, the voltage 
on the transmission line is: 



where Zc = the chararterislic impedance of the 
transmission line 

Rr = the radiation resistance of the half¬ 
wave dipole 

X = the wave length in meters 
E = the field intensity in millivolts per 
meter 

Vti = voltage on the transmission line, in 
millivolts 

It is assumed that the dipole is cut to the correct 
length for the operating frequency. Consequently, 
it can be seen that if the wave length is decreased 
the voltage on the transmission line and, hence, at 
the terminals of the receiver will decrease accord¬ 
ingly. If the frequency is multiplied by a factor 
N, the field intensity E must also be multiplied by 
the same factor to insure maintaining the voltage 
constant on the transmission line and at the input 
of the receiver. Since the field intensity varies 
with the square foot of the power, the latter must 
be increased to offset the effect of the shorter 
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Fig. 17-45. Five-element, quarter-wave spaced, rotary antenna. 


dipole at the higher frequency. This is without 
regard to other factors such as propagation which 
may act to reduce the voltage on the transmission 
line as the frequency is increased. 

17-47. Power Gain of Antenna Arra3rs— The 
maximum possible power gain of a directional an¬ 
tenna in which the effective aperture or mouth open¬ 
ing has a given area (capture area) can be esti¬ 
mated by expressing the area in terms of wave 
length. The power gain then is 7.65 times the area 
measured in square wave lengths. The power gain 
as expressed in terms of the power received by a 
half-wave dipole at the particular frequency under 
consideration increases proportionally as the square 
of the frequency, since for a fixed area the number 
of square wave lengths included in the area in¬ 
creases in the same manner. 

17-48. The Rotary Antenna —Amateurs in par¬ 
ticular have found it to be of tremendous advantage 
in their operations, for the purpose of achieving 
directivity and gain both in reception and trans¬ 
mission, to use close-spaced arrays so constructed 
that they can be rotated in the direction of commu¬ 
nication. The size of the array elements makes 
construction and rotation possible from the 14-mc 
band upward. There are several versions of such 
arrays. Remote control of rotation from the sta¬ 
tion can be obtained either electrically or mechani¬ 
cally with provision made from azimuth indication. 


17-49. “Quarter-wave” Rotary Array—Figure 
17-45 shows a five-element quarter-wave spaced, 
rotary beam constructed by Donald Whittemore, 
W2CUZ, with which he conducted tests to compare 
operation on the amateur ten meter band with 
closed spaced rotary beams.® The elements of this 
antenna were adjusted to a length in accordance 
with the standard formula: 


Reflector. 

Radiator. 
Director. 


.. Theoretical half-wave —j- 

. 94% of theoretical half-wave 
. .86% of theoretical half-wave 


The transmission line was terminated in a simple 
Y connection and tests showed that the termination 
is not critical since the Y connectors could be moved 
several inches each side of the perfect match con¬ 
nection point before the field strength started to 
decrease. 

Field tests developed the following interesting 
points: 

1. Forward power gain measured ten times over 
the radiator alone. 

2. The antenna was not highly critical as to fre¬ 
quency. The transmitter frequency could be shifted 
from 28.5 to 29.9 me with negligible change in field 
strength—^an accomplishment impossible with close¬ 
spaced arrays. 


0 Donald Whittemore, “Quarter-Wave Vs. Qose-Spaced 
Beams/* CQ„ February, 1946. 
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Figure 17-46 shows the field strength pattern of 
this quarter-wave spaced, five-element beam. The 
advantages claimed for this type of array over one 
with closer spacing are greater ease of feeding, less 
loss in conductor-heating, and less vulnerability to 
detuning by rain and ice. 

17-50, Television Receiving Arrays— Special 
problems are encountered with dipoles employed for 
television reception where the frequencies employed 
for transmission are in two bands, one extending 
from 44 to 88 me (channels 1 to 6) and the other 
from 174 to 216 me (channels 7 to 13). For ex¬ 
ample, a dipole for use on channel 4 would be 73 
inches long, whereas channel 10 would be 26 inches 
long. 

One way of achieving broad band response with 
a single dipole is by feeding a standard 70-ohm 
dipole with a 300-ohm transmission line. Under 
these conditions the antenna operates on the prin¬ 
ciple that the antenna presents a 41-ohm mismatch 
at resonance resulting in a value of gain less than 
that of the dipole. As the frequency is varied, the 
terminal impedance of the antenna rises and at some 
definite point on either side of resonance, the imped¬ 
ance will be equal to the 300-ohm transmission line. 
This will result in a better impedance match on each 
side of resonance and fewer losses due to mismatch¬ 
ing, but as the antenna is operated off resonance at 
these points, the gain is reduced because of detuning 
and is still less than a standard dipole. These an¬ 
tennas, being high Q circuits, have very sharp fre¬ 
quency response curves, and the useful range cov¬ 
ered is not very wide. Because of the gain being 
under a standard dipole over the entire frequency 
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hi 
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Fig. 17-46. Field strength pattern of antenna shown in 
Figure 17-45. 



range it is still not the desired solution to the tele¬ 
vision receiving antenna problem. 

Mismatched dipoles are used sometimes with di¬ 
rectors and reflectors to provide additional gain. 
The presence of a director or reflector has a very 
pronounced effect on the antenna impedance, as has 
been explained in a previous section of this chapter. 

17-51. Two-band Antennas —Figure 17-47 shows 
the * Amphenol” model 114-005 television array de¬ 
signed for operation on both television bands. 
Since it was impossible to design a single dipole to 
operate over such a wide frc(|uency range, it became 
preferable to use a combination of two antennas of 
aluminum tubing, one operating over the low- 
frequency channels and the other covering the high- 
frequency channels. The low-frequency antenna is 
a folded dipole with reflector, giving a reasonable 
impedance match to a 300-()hm line. The spacing 
between the dipole and reflector was made large to 
minimize the lowered dipole impedance and make 
unnecessary the use of freijuency sensitive matching 
transformers. The low-freiiucncy dipole also acts 
as the reflector for the high-fre(iuency dipole. Fig¬ 
ures 17-47a and 17-47b show the radiation pattern 
of this antenna on both bands while Figures 17-48a 
and 17-48b show the gain of the antenna over a 
single dipole. 

The low-frequency folded dipole has some pickup 
on the high-frequency channels and this explains 
the minor lobes off the sides of the array at the 
high-frequency end of the upper bands; however, 
tliis effect is .so small that it is of no consequence. 

17-52. VHF and UHF Directive Antennas— 
As one pushes up into the ultra-high microwave 
spectrum, new forms of directive antennas come 
into play. They are used for such applications as 
radar, marker beacons, landing beams for aircraft, 
relay controls, and other special applications. Fig¬ 
ure 17-49 shows four types of such directive 
antennas. 
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Fk;. 17-47a. Radiation pattern of Amphenol model 
114-005 antenna. 


0 * 



Fig. 17-47b. Radiation pattern of Amphenol model 
114-005 antenna. 


17-53. Yagi Arrays —The Yagi array shown in 
Figure 17-49a consists of a driven element, a re¬ 
flector, and one or more directors. Power from 
the transmitter is fed to the driven element by a 


transmission line. The reflector and director ele¬ 
ments are parasitically excited from the driven ele¬ 
ment with such a phase relation with respect to the 
driven element that the field is reinforced in the 
forward direction into a narrow beam. Except for 
the frequency and number of elements, this is the 
same array as Figure 17-43. 

Figure 17-50 shows a series of dipoles employed 
in a Yagi directive array in connection with an air¬ 
craft ground control approach system (GCA). To 
obtain the peculiarly shaped antenna beam re¬ 
quired, an array of 33 probe-fed, half-wave dipoles, 
mounted in a .section of waveguide, is employed. 
At the extremely high frequencies used, the half¬ 
wave antennas are approximately 5 centimeters 
over-all, and hence the array is only about 7.5 feet 
long. By placing this array along the focal line of 
a .semi-cylindrical aluminum reflector of parabolic 
cross section, an azimuth antenna pattern having a 
beam width of less than 7° between half power 
points is obtained. 

17-54. Parabolic Reflectors —On p. 676 a photo¬ 
graph is shown of two parabolic reflectors employed 
to transmit and receive 18 centimeter waves across 
the English Channel with only a power of one-half 



Fig. 17-48a. Gain of Amphenol model 114-005 antenna 
over a dipole, 54 to 88 me. 
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Fig. 17-48b. Gain of Amphenol Model 114-005 antenna 
over a dipole, 174 to 216 me. 
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Fir.. 17-49. A collection of directive microwave antennas. 

A. Yaffi array. B. Parabolic reflector. C. Corner reflector. D. Horn-type antenna. 
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Fig. 17-50. Dipole antennas used in GCA assembled 
in special brazing fixture. (Courtesy Bendix Radio 
Engineer.) 


watt. The parabola possesses the characteristics 
that all rays strikinjj the parabolic reflecting: surface 
arc reflected as parallel rays, as shown in Fifjure 
17-49B. If an antenna is placed at the focal point 
of the reflector, the radiation from the antenna will 
be reflected as a beam. 

A modification of the parabolic reflector consists 
of adding a hemispherical shield in front of the 
antenna to direct all the radiation back toward the 
parabolic surface, thereby eliminating direct radi¬ 
ation and producing a sharper beam. The radiation 
pattern of a parabolic reflector contains a major 
lobe, which is directed along the axis of revolution 
of the parabola and several minor lobes. The pa¬ 
rabola of this type of antenna is large in comparison 
with the operating wave length and, in general, the 
larger the reflecting surface the narrower the beam. 

17-55. Metallic Radio Lenses —^As radar and 
radio relay communication systems were developed 
during the war, they created a demand for more 
and more sharply focused beams of microwaves 
which greatly stimulated the search for means of 
supplying them. The familiar “dish” antenna, in 


Actually a parabola of revolution. 
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Fig. 17-51. Relative contours of a solid lens and of a 
metal plate lens. 


which a beam i.s projected in nearly parallel lines 
after reflection from a parabola, had certain dis- 
advantajj:es in the way of tolerance requirements 
and shadowing effects. Lenses could undoubtedly 
supply the needed increase in beam-precision but 
in their existing solid form they were too massive 
for military uses. 

It occurred to Winston E. Kock, a researcher of 
Bell Telephone Laboratories that an array of metal 
plates could be designed so as to focus radio waves 
just as effectively as a solid lens focuses them, if 
due regard be given to the fact that the edges of 
the wave front would be advanced instead of re¬ 
tarded in transit. Such a structure would be in¬ 
herently easier to build, move, and maintain in 
service than an equivalent solid-type lens. 

Figure 17-51 shows the relative contours of a 
solid or dielectric lens and of a metal plate lens both 
designed to convert waves from a point source radi¬ 
ator into a parallel-sided beam. Because of their 
opposite effects on wave front velocity they must be 
built of converse shape to produce the same focusing 
effect. The spreading waves approach the lens on 
a curved wave front. To bring them into a parallel 
beam, the metallic lens speeds up the edges of the 
beam relative to the center so that the wave front 
is flattened. The plates are enough longer at the 
sides than at the center to bring the laggard edges 
up in line with the center. 

Figure 17-52 shows an antenna now being em¬ 
ployed in the New York-Boston radio relay micro- 
wave system where the problem is to project and 
receive a precisely-directed beam between relay 


points, operating at 4000 me, the lens, which is 10 
feet square and encloses the front of a horn type 
radiator, has a stepped profile and a total beam 
width of less than 1.8®. Fed in through a wave 
guide in the rear, the waves spread out along the 
horn to the lens which focuses them into a pencil- 
beam. The horn-lens shown has exhibited a power 
gain of 12,000 over an isotropic radiator. 

17-56. Corner Reflectors —The angular flat 
sheet type of reflector, also called the square-corner 
reflector (Figure 17-49c) provides better directivity 
than a parabolic reflector. A square-corner re¬ 
flector with an aperture of one-half wave length can 
give a gain of about 8 db over a doublet. An aper¬ 
ture of twice this value or one wave length is neces¬ 
sary with a convertical parabolic reflector to obtain 
this amount of gain. This applies to parabolas with 
a focus-to-vertex spacing of about one-quarter wave 
length. It consists of two plane surfaces set at an 
angle of 90° with the driven element on a line 
bisecting this angle. The reflecting surfaces are 
not necessarily solid but can be made from wires 
spaced about 0.1 wave length apart. 

As shown by Kraus, the gain of a 60° corner 
reflector, assuming infinite planes, is over 12 db and 
the gain of a 45° reflector even more. As the angle 
between the planes is decreased, the gain of the 
antenna can theoretically be increased to any desired 
amount. However, there is a real objection to the 
u.se of corner reflectors of less than 90° unless the 
spacing between the corner and the driven element 
is at least 0.5 wave length. This is so, since the 
radiation resistance of tlie half-wave driven element 
becomes very small as the angle between the planes 
is decreased, when small values of spacing are em¬ 
ployed. If the' spacing is about one-half a wave 
length, corners of less than 90° can be used advan- 
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Fig. 17-52. Metal plate lens antenna. 
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tageously. A 60® corner reflector with a half-wave 
length spacing gives a computed gain of about 12.5 
db. This is for infinite sides. If the sides are of 
such width that the aperture of the 60® reflector is 
about one wave length, the gain should still ap¬ 
proach 12 db. In practice, a 90® reflector with a 
spacing of 0.3 wave length will produce a gain of 
about 8 db. 

The corner reflector when supported vertically 
radiates vertically polarized waves. The corner 
and driven element can be turned horizontal to pro¬ 
duce horizontal radiation. 

17—57. Horn-t 5 rpe Radiators —The operation of 
horn-type antenna (Figure 17-49d) is very practical 
in the microwave region since the dimensions, which 
must be large compared with the operating wave 
length, do not involve unduly large physical sizes. 
Moreover, since they do not involve resonant ele¬ 
ments, they have the advantage of being usable over 
a wide frequency range. In addition, they are 
readily adapted for use with wave guides, since they 
may serve dual purposes: (1) to match the im- 
I)edance of the wave guide to the external space 
and (2) to produce directive wave patterns. 

The shape of the horn together with the dimen¬ 
sions of the mouth measured in wave length deter¬ 
mines the field-pattern for a given magnitude and 
the phase distribution of the field produced across 
the mouth of the horn. In general, the larger the 
opening of the horn, the more directive is the re¬ 
sulting field pattern. An aperture of approximately 
5 wave lengths produces a radiated major-lobe of 
approximately 30®. 

17-58. Effective Radiated Power —It should be 
kept in mind that the total power radiated by a 
multi-element or other form of directive antenna is 
not greater than that radiated by a simple dipole. 
The radiated power can be only as great as the 
transmitter power (less whatever losses occur in 
the system). The “gain” that is achieved is “ef¬ 
fective” or useful power, that is, increa.sed radi¬ 
ation in useful directions. 

The term “effective radiated power” means the 
product of the antenna power (transmitter output 
power less transmission line loss) times (1) the 
antenna power gain or (2) the antenna field gain 
required. 

It can be stated that, other things being equal, 
obtaining increased coverage by use of high-gain 
antennas is usually preferable to an increase in 
power. 

17-59. Unidirectional Antennas for F-M and 
Television Broadcast Service —In their quest for 
the ideal antenna, one that would confine all of its 
radiation horizontal to the earth^s surface, engineers 
have come up with several arrangements that serve 
to accomplish the purpose to the extent possible. 
Since horizontal polarization is standard for both 
F-M and television services the elements in the 
antenna must lie in horizontal positions. 


There are now in use four general types of an¬ 
tennas designed for F-M and television service as 
follows: (a) the original Brown turnstile and the 
improved coaxial version, (b) DeMars turnstile and 
the three-quarter-wave spaced turnstile, (c) circular 
or ring antennas, and (d) square loop antennas. 

17-60. Original Brown Turnstile —The first 
model of the Brown turnstile was constructed of 
metal rods a quarter-wave long attached directly to 
the supporting pole. Four such rods arranged in 
90® spacing about the pole made up eiich layer or 
“bay.” The complete antenna was composed of 
two to ten such layers, depending on the gain re¬ 
quired, limitation of the supporting structure, etc. 

The radiation pattern resulting from one layer of 
a turnstile antenna is that dej)icted in Figure 17-53. 
Since the center of the dipoles is at zero voltage 
with respect to ground, the dipole rods can be at¬ 
tached directly to the grounded metal pole and the 
.spacing so chosen as to permit feeding the array at 
a point of proper impedance to match the transmis¬ 
sion line. A single set of dipoles, of course, pro¬ 
duces the characteristic figure-eight pattern shown 
in Figure 17-53A, which because of its directivity 
is not desirable for broadcast service; however, 
when the second set of dipoles are added and fed 




Fig. 17-5.^. Radiation pattern from turnstile elements. 
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an equal amount of power the pattern of Figure 
17-53B results, which approaches a circle. More 
bays increase gain in the horizontal plane at the 
expense of high-angle radiation. 

If the antenna is constructed of several bays of 
dipoles in one plane, these must be fed an equal 
amount of power of the same phase. This is ac¬ 
complished by spacing the bays or layers a half¬ 
wave length apart and crossing over or transposing 
the open transmission line between bays, thereby 
counter-balancing the phase shift that occurs along 
the line between layers. Two such transmission 
lines, one for each set of dipoles, are required and 
are twisted about the pole as they go to the top and 
supported by stand-off insulators. The lines are fed 
at the base of the pole by oppositely phased currents 
by one of several methods. 

The matching of the feed lines in this design is 
extremely critical and the open-wire lines are sub¬ 
ject to large changes when ice formation takes place 
Ice increases the wind resistance and is detrimental 
to the radiating system. Coaxial lines have there¬ 
fore been substituted. Each radiating element in the 
later design consists of a rod rigidly mounted to the 
tower by means of a steel band, an outer sleeve 
which is insulated from the rod and a section of 
concentric line which acts as a phase shifting and 
impedance matching device. It will be recalled that 
phase .shifting was accomplished in the original 
design by transposing the open transmission line 
between layers. The concentric matching section is 
fastened along the sleeve which is the actual 
radiator. 

The following advantages are claimed for the co¬ 
axial fed turnstile: 

(a) The antenna can be completely “pre-tuned,” 
while being completely assembled in production. 

(b) Since phasing is accomplished at the radi¬ 
ators, there are no phasing adjustments to be made 
at the bottom of the supporting structure and all 
line impedances arc matched, resulting in no stand¬ 
ing waves on the lines. 

(c) The frequency range, both as to line termi¬ 
nation and field intensity, is wider than is required 
for wide band F~M. 

17-61. “Super-Turnstile”—An antenna shown 
in Figure 17-54 has been developed by RCA for 
F-M and television service which is, in a sense, 
an improved version of the original Brown turnstile 
and has accordingly been dubbed the “Super Turn¬ 
stile.” This antenna features a broad-band operat¬ 
ing characteristic, simplified feed system, and dura¬ 
ble construction. A single antenna design will op¬ 
erate well over the entire F-M broadcast band, ^ 
to 108 me, and for any transmitter power up to 
20 kw. 

The most noticeable feature of the new Super 
Turnstile is the use of “current-sheet” radiators in 
place of the simple dipole arms previously described. 



Fig. 17-54. RCA “super turnstile.” 

In the original model, the batwing- or elephant-ear¬ 
shaped elements were solid pieces of sheet metal; 
hence, the term “current-sheet.” Subsequently, it 
was found that the same results could be achieved 
with an open framework of steel tubing with cross 
rods of solid steel rod, thus reducing the wind re¬ 
sistance. The effect achieved with the current- 
sheet radiators is to broaden the antenna charac¬ 
teristics so that the impedance reflected in the trans¬ 
mission line will be nearly equal to that of the line 
itself over a frequency range of plus or minus 20 
percent, which is nearly twice the F-M band of 88 
me to 108 me. The bandwith permits transmission 
of both sound and picture programs from the same 
antenna. The “current sheets” are attached to the 
pole (ground) at top and bottom. The r-f currents 
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Fig. 17-55. DeMars turnstile antenna, Mt. Wahhington, N. 11., employed by Yankee network F-M station. 


in the radial members radiate more or less propor¬ 
tionally to the letifjth of the member and to the 
magnitude of the current in the member. I'he 
longer members have a greater effect in radiation 
than the short ones; hence, a close approximation 
to the radiation pattern of two simple dipoles, spaced 
one-half wave length apart, is obtained. 

The vertical steel tube of the current-sheet is at 
ground potential on the ends; conseciuenlly, a heater 
unit can be connected into this vertical tubing. 
This will prevent ice formation between the current- 
sheet and the pole, this being the place that would 
undergo an impedance change due to ice formation. 
The antenna can withstand a half-inch ice coating 
under high wind conditions. 

17-62. DeMars Turnstile—The Yankee Net¬ 
work employs a modified version of the Brown turn¬ 
stile developed by DeMars which uses separate co¬ 
axial feed lines for each radiator. "J'he coaxial 
lines extend down the tower to a “phasing room” 
itt the base. The most notable of this version of 
the turnstile antenna is used on Mt. Washington in 
New Hampshire and is shown in Figure 17-55. 
Because of the extreme weather conditions includ¬ 
ing violent gales and continual ice formation, truck 
springs are used as the radiating elements. The 
“phasing room” at the base of the tower permits 
critical adjustments of phase under shelter where 
they can be done accurately. 


17-63. Circular Antenna—The circular an¬ 
tenna is essentially a folded dipole antenna bent 
around into a circle. The folded dipole in its sim¬ 
plest form consists of two half-wave radiators, one 
of which is broken at the center and power fed to 
the system at this point, the characteristics of which 
were explained under the section captioned “Folded 
or Multi-Wire Doublets.” .Since the two radiators 
are mounted very close together, the currents in 
them flow in the same direction and current distri¬ 
bution on both is tlie characteristic of a half-wave 
dipole with a current loop and a voltage node at the 
center. Since the voltage is zero at the center, the 
unbroken radiator can be attached directly to the 
supporting pole at this point. The pole is grounded 
to provide lightning protection for the antenna. 
The ends of the lower portion of the folded radi¬ 
ator can be fed power by an open lialanced trans¬ 
mission line or by a pair of concentric lines oper¬ 
ating 180® out of phase. A single radiation of this 
type produces the figure of eight pattern in the hori¬ 
zontal plane like that of a single turnstile dipole. 
It is not suited for broadcast service. To achieve 
a uniform or circular pattern of distribution, the 
dipole is bent around to a circle and a pair of large 
metal plates are fastened at the folded points as 
shown in Figure 17-56. The addition of the plates 
has the effect of adding end capacity to the radi¬ 
ators and effects a fairly uniform distribution of 
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Fin. 17-56. Horizontal and vertical radiation patterns of 
simple loop antenna. 

current around the loop and the radiation pattern 
approaches a circular pattern. The circular an¬ 
tenna has a higher gain per layer than the turn¬ 
stile; however, in order to keep down the mutual 
impedance the layers must be placed a full wave 
length apart. Consequently, the gain per height is 
less than with the turnstile when more than one 
layer or bay is used. 



Fig. 17-57. Gain of F-M circular antenna, compared 
with vertical half-wave dipole, for different numbers of 
bays spaced a wave length apart. 


Figure 17-57 shows the gain of a circular an¬ 
tenna, compared with a vertical half-wave dipole 
for different numbers of bays spaced a wave length 
apart. 

17-64. Square-loop Antennas —Figure 17-58 
shows the arrangement of one layer of a “square- 
loop” antenna, consisting of four dipole radiators. 
The dipoles may take the form of folded or simple 
dipoles fed at the center, according to how the 
impedance matching is obtained. The gain per 
layer of the square-loop antenna is greater than 
either the turnstile or the circular antenna since 
each layer has effectively twice as many radiators 
as the turnstile. Since the vertical radiation is low, 
the layers can be mounted at half-wave intervals. 



Fig. 17-58. Arrangement of “square-loop” mounted 
on a tower. 


The vSquare-loop antenna can be used in places 
where it is impractical to erect a pole on top of a 
building or the configuration of the building pre¬ 
vents it. The elements of the antenna can be at¬ 
tached directly to the four sides of a building. 

Figure 17-59 shows another type of square loop 
antenna developed by the Federal Telephone and 
Radio Laboratories^^ in which the metallic sup¬ 
porting structure as well as the radiators themselves 
form part of the coaxial feeding system. By proper 
choice of surge impedance of these two short 
lengths of line in the supporting arm and the radi¬ 
ator itself, the desired impedance of 50, 70 or 100 
ohms pure resistance may be obtained to match 
commercially available coaxial transmission lines 
having these values of surge impedance. 

At very high frequencies and ultra-high frequen¬ 
cies the most practical way of expressing the input 

iiArnig G. Kandoian, “Three New Antenna Types and 
Their Applications,” Proc, I.R.E,, Vol. 34, February, 1946. 
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-"iG. ]7-59. Federal square loop antenna. (Courtesy 
and Federal Telephone and Radio Laboratories.) 


impedance is in terms of the standing waves on the 
transmission line feeding the antenna. Figure 
17-60 shows the variation in standing-wave-ratio 
(SWR) as the frequency is varied. On the 
strength of such measurements—the Federal Tele¬ 
phone and Radio Corporation have adopted the 
square loop antenna for use in the F-M broadcast 
service utilizing the same-sized structure (per bay) 
over the entire F-M band (88 to 108 me). 

The power gain, as a function of both the num¬ 
ber of loops and spacing between loops, is shown in 
Figure 17-61. Two important facts are evident: 

1. A power gain of 20 may be feasible if a suf¬ 
ficient number of loops is stacked. 

2. While the optimum gain occurs when loops are 
a wave length apart (i.e., 360 electrical degrees), 
this spacing is not critical and may vary from 3(X)® 
to 420° with only slight reduction in gain. 

It should be noted that the gain as expressed in 
the curves is with respect to a single loop and it is 
necessary to multiply by .9 to obtain the gain with 
respect to a half-wave dipole which is generally 
done in engineering practice. 

The vertical radiation pattern of 2, 4 and 8 stacked 
loops is shown in Figure 17-62. 

An interesting electrical characteristic of these 
antennas is that the input impedance of each pair 
of loops is designed to be 50 ohms, so that they can 
be fed by a standard 1%-inch or 3V8-inch coaxial 
line. How this is done is shown in Figure 17-63. 
As illustrated, all impedance matching is achieved 
within the loop via the two quarter-wave trans¬ 
formers—ZOl and Z02. A perfect match occurs, 
however, only at a frequency where the transform¬ 
ers are exactly a quarter of a wave in length. As 
the frequency is varied around this point, the im¬ 
pedance changes. However, this impedance change 
is such that the resistance component is low and the 
reactive component is relatively high. It is then a 
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Fig. 17-60. Frequency versus standing wave ratio, square loop antenna. (Courtesy IRE and Federal Telephone 

and Radio Laboratories.) 
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simple matter to use a reactive stub to bring tlie 
resistance component back to 100 ohms and cancel 
out the residual reactance. Thus the loop can be 
made to operate at any F-M frequency. This latter 
characteristic, plus the noncritical nature of the 
spacing between loops, combines to give the loop 
very favorable mechanical and manufacturing 
properties. 

17-65. Western Electric 54-A Antenna The 

Western Electric 54-A antenna is designed to radi¬ 
ate horizontally polarized radio waves particularly 
for use by frequency modulation broadcast stations 
operating at carrier frequencies between 88 and 108 
me and at power levels up to and including 50 kw. 

The antenna comprises an array of two or more 
vertically stacked radiating units. Each radiating 
unit is composed of a cluster of four curved ele¬ 
ments which in plan view forms a symmetrical 
shape similar to a four-leaf clover. A radio fre¬ 
quency voltage applied between the junction of the 
four elements and their ends causes in effect a ring 
of uniform current which produces a circular radi¬ 
os Courtesy Western Electric Co. 


at ion pattern about the axis of the ring. The an¬ 
tenna has a power gain ranging from about two to 
about five, depending on the size of the antenna 
(number of radiating units) selected. 

The distribution of the radiated energy about a 
typical 54-A antenna of the five-unit size is shown 
in Figure 17-64. The signal intensity is greatest 
in the direction of the horizon (0®) and is substan¬ 
tially less at higher elevations. The pattern be¬ 
comes narrower and the gain higher as the number 
of units and length of the antenna are increased— 
all provided that the instantaneous currents in the 
individual radiating units are established and main¬ 
tained in their proper relationships. 

Maximum gain occurs when the instantaneous 
currents in all radiating elements are in time phase 
and of equal amplitude. These current relation¬ 
ships are easily and correctly established at the sta¬ 
tion’s operating frequency with the 54-A antenna at 
the time of installation by methods which do not 
require field or factory tuning. All radiating ele¬ 
ments are connected by means of simple clamps at 
half wave length intervals to a 3-inch diameter feed 
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conductor which is centrally located within the 
tower structure. The tower itself serves as the 
return or outer conductor of the feed line. The 
usual phase reversal occurring along such a feed 
line at half wave length intervals is compensated 
for by merely reversing the mounting position of 
the radiating elements in adjacent units. This sim¬ 
ple installation procedure assures the correct cur¬ 
rent phasing for maximum gain at the station’s 
operating frequency. 

Four small diameter vertical cables are used to 
nullify vertically polarized radiation which might 
otherwise be radiated at high angles. This type of 
radiation is usually caused by spurious currents 
flowing in vertical structural members as the result 
of coupling between the structure and radiating 
elements. 

The impedance of the 54-A antenna array is 
matched to the impedance of a coaxial transmission 



Fig. 17-63. Impedance relationships in F-M loop design. 


line by means of a unique low-loss transformer 
which utilizes the base section of the tower and 
antenna feed conductor. This transformer can be 
adjusted over a wide impedance range and it is set 
to the proper adjustment at the time of installation. 

Provisions are made for the installation of elec¬ 
tric heating cables inside of the tubular radiating 
elements for sleet melting. Since one end of each 
radiating clement is connected directly to the tower 
structure, the need for r-f filters in the heater 
power circuit is avoided. 

Provisions are also made for the mounting of a 
300 mm aircraft warning beacon light on lop of 
the tower structure. 

17-66. Directional Horizontally Polarized 
Broadcasting Antenna Arrays —Under certain 
conditions directional arrays for F-M broadcasting 
might be employed to advantage, as, for example, 
should it be desirable to place the radiator next to 
the seacoast or at the end of a populated valley, 
taking advantage of a near-by hill or mountain on 
which to locate the radiator. While directional 
transmission of vertically polarized waves is com¬ 
monplace in the 500-1600 kc broadcast band, less 
has been done toward directional broadcasting of 
horizontally polarized waves in the F-M and tele¬ 
vision bands. Engineers of the Western Electric 
Company have therefore experimented with Vio 
scale models of the type 54-A clover-leaf ai:tl ha^e 
shown that a considerable variety of radiation pat¬ 
terns may be obtained by using 2 complete 54-A 
radiators (antenna arrays), properly spaced and 
excited in proper phase relationship. Two such 
patterns are shown in Figures 17-65 and 17-66. 
Figure 17-65 is a good example of how such an 
array might be usetl to serve an area which is long 
and narrow. This pattern is obtained with two 
54-A clover-leaf antenna arrays spaced 5 wave 
lengths apart and excited in phase. Under these 
conditions the array power gain in the maximum 
direction is 2, so that an array comprising two 
eight-element clover-leaf antennas, each having a 
power gain of 4.7, would give a maximum power 
gain of 9.4. 

In the case of F-M broadcast service it would 
probably be unnecessary to provide the deep nulls 
or minima shown in Figure 17-65, except in the case 
of attempting to protect against interference to an¬ 
other station. Appropriate adjustments of the 
array permit less pronounced nulls with only a small 
reduction of signal intensity in the maximum 
direction. 

The pattern shown in Figure 17-66 could be used 
if the transmitter site is near one side of the area 
to be served. Maximum signal intensity would be 
radiated in the direction of the greatest number of 
listeners and minimum signal in areas in which 
there may be no listeners. The spacing of the two 
clover-leaf antenna towers in this case is 0.325 wave 
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Fig. 17-64. Computed radiation pattern for a 5-unit Western Electric 54A antenna 
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Fig. 17-65. Pattern when area to be served is long and narrow. 
Maximum array gain is 9.4. 
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Fi(,. 17-66. Pattern when transmitter site lies near one side 
of area to be served. Maximum array gain here is 6.6. 


length and the relative current phasing is 117°. It 
will be observed that the maximum intensity lies 
along the projection of the axis of the array, and 
the minimum is in the opposite direction. 

The maximum gain is 6.6 It will be noted that 
the field intensity is considerably greater than that 
due to a single 54-A antenna over 180° (compass 
directivity) while considerably reduced in the other 
180°. 


r - 1 



Fic. 17-67. The Alford slotted antenna. 



Flo 17-68. Slotted antenna equivalent to a stack of 
small in-phase loops. 

17-67. The Alford Slotted Tubular Antenna— 

Figure 17-67 is a photograph of a new horizontally 
polarized antenna developed by Andrew Alford for 
the Finch Telecommunications F-M station WFGG, 
operating on 99.7 me. 

The antenna is essentially a sheet of metal bent 
into the form of a cylinder which is not quite closed, 
hence a straight narrow slot extends full length of 
the cylinder, or tube. The metal cylinder is pro¬ 
vided with a metal bottom, but no top. Protection 
from weather is provided by covering the open top 
with a molded fiber-glass dome and the slot is closed 
by a fiber-glass strip. Electrically, a one-slotted 
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Fu;. 17-69. Horizontal radiation pattern, plotted in niilli* 
volts per meter. (Courtesy “Communications.”) 


cylinder behaves like a half of a loaded wavegfuide. 
The dimensions are chosen so that the wavegfuide 
operates near the cutoff, 'fhe phase velocity, there¬ 
fore, is greater than that of light. The result is 
that across the slot is developed a distribution of 
potential which is very nearly in the same phase 
throughout the entire length of the slot with guide 
half wave length being much longer than the half 
wave length in space. The currents which arc pro¬ 
duced by the potential existing across the slot flow 
in horizontal circles around the cylinder so that the 
latter operates something like a stack of small, in- 
phase loops, as shown in Figure 17-68, radiating 
horizontally polarized waves. 



Fig. 17-70. Vertical antenna pattern of a dual tubular 
antenna at right with open ends joined as shown at left. 
(Courtesy “Communications,” July, 1946, Chas. Jones, 
“Slotted tubular antenna for 88 to 108 megacycles.” 
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Fig. 17-71. Double rocket arrangement emergized in 
the same plane. Vertical pattern at right. (Courtesy 
“Communications,” July, 1946, Chas. Jones, “Slotted tubu¬ 
lar antenna for 88 to 108 megacycles.” 


The antenna is energized by a coaxial feeder 
brought into the cylinder through the bottom flats 
and is continued along one side of the slot to the 
top of the antenna where it is terminated with an 
end-seal insulator. The impedance of the antenna 
at the feed point is about 165 ohms with a negative 
reactive component. A line transformer is em- 
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Fig. 17-72. The discone antenna .schematic. (Courtesy 
IRE and Federal Telephone and Radio Laboratories.) 


ployed to match the antenna to a standard 70-ohni 
or 51.5-ohm concentric transmission line. The 
outer conductor is metallically connected to the 
cylinder at the end seal and at several equally spaced 
points. The inner conductor is brought out through 
the end seal and is connected to the opposite edge 
of the slot. The radio-frequency voltage between 
the inner and outer conductors is thus applied be¬ 
tween the opposite edges of the slot. 

The diameter of the cylinder is dictated by the 
r-f voltage distribution. The over-all length of the 
cylinder equals approximately one wave length at 
the operating frequency. The voltage distribution 
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17-7 Disconc anfcnna—(utoff 200 mc> vertical p.itterns, 

is not sinusoidal, but comes closer to the ideal uni- When calculated according: to the F.C.C. Stand- 
form distribution. The hoi i/oiital radiation pat- ards of Good Enfjineerinjj Practice, the variations 
tern is shown in Figure 17-69. from the circular almost disappear and the patterns 

The horizontal pattern not being perfectly circu- appear to be circular, 
lar, comparison between the slot antenna and a Two antennas of this type can be stacked 
standard half-wave antenna is made on the basis of achieve a power gain varying from 2 5 to 4.88. The 

the equivalent pattern. The equivalent pattern has vertical pattern of two different arrangements of 

ii radius equal to 1/1 24 of the maximum of the dual tubular antennae are shown in Figures 17-70 

actual pattern. On this basis the power gain of and 17-71 

this antenna is 1.6. 17-68. The Discone Antenna —The Discone 



MEOACWLES - — 

MISMATCH VS. FREQUENCY 


Fig. 17-74 Disconc antenna—cutoff 200 me. (Courtesy IRE and Federal Telephone 

and Radio Laboratories.) 
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Fig. 17-75. Type III antenna, 1200 me. (Courtesy IRE 
and Federal Telephone and Radio Laboratories ) 


antenna is a development of the Federal Telephone 
and Radio Laboratories.^® As the name suggests, 
it consists of a disk and a cone whose apex ap¬ 
proaches and becomes common with the outer con¬ 
ductor of the coaxial feeder at its extremity. The 
center conductor terminates at the center of the 
disk which is perpendicular to the axis of the cone 
and r-f transmission line. Figure 17-72 shows a 
schematic of the Discone antenna with a tabulation 
of typical dimensions. 

The Discone antenna, like a vertical dipole, radi¬ 
ates in all directions in the horizontal plane. 
Therefore, it is said to have an omnidirectional 
pattern of radiation. Its most important charac¬ 
teristic is its ability to operate over a very wide 
band of frequencies without a substantial change of 
either input impedance or radiation pattern. The 
change of impedance versus frequency is very much 
less than any ordinary dipole of fixed length. 

This antenna may be visualized as a radiator 
intermediate between a converted dipole and electro¬ 
magnetic horn. At the low end of its operating 
band, it behaves very much like a dipole and at high 
frequencies becomes essentially a horn radiator. 

Analyzing the circuit characteristics of the Dis¬ 
cone antenna it behaves essentially as a high-pass 
filter. It has an effective cutoff frequency below 
which it becomes very inefficient, causing standing 
waves on the coaxial transmission line. Figure 
17-73 shows typical measured radiated patterns of 
a Discone antenna, designed to cutoff at approxi¬ 
mately 200 me. Only a little mismatch of imped¬ 
ance occurs above the cutoff freiiuency; conse¬ 
quently, the radiation pattern remains substantially 
uniform over a wide range of frequencies. It will 

13 A G Kandoian, “Three New Antenna Types and 
Their Applications,'’ Proc IRE, February, 1946 




into, IN MC. 

Fig. 17-76. Loop dipole combination. (Courtesy IRE and Federal and 
Telephone Radio Laboratories.) 
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be observed that at the high-frequency end the radi¬ 
ation pattern starts to turn upward. 

The coaxial feed line participates somewhat in 
the over-all radiation much in the same way that 
it does in all cases of vertical radiators fed with a 
coaxial line, because of induced currents in the 
supporting structure and line. The amplitude of 
the induced currents in this case is of the order of 
S percent of the main antenna current and, hence, 
causes “scalloping” of the radiation pattern of ap¬ 
proximately ± 5 percent. 

It has been suggested that suppression of this 
affect might be secured by clamping radial rods on 
the supporting structure below the open end of the 
cone, thus eliminating coupling between the antenna 
and the supporting structure. 

Figure 17-74 shows typical mismatch versus fre¬ 
quency relations of a Discone antenna fed by a 
50-ohm coaxial feeder. This may also be read as 
standing wave ratio versus frequency. 

The author in his paper suggests that the cone 
of the antenna may serve to house the transmitting 
and receiving equipment. 

17-69. Combined Vertical and Horizontal An¬ 
tennas—Another experimental development of 
the Federal Telephone and Radio Laboratories is a 
combined loop and vertical radiator termed an 
“electric-magnetic” dipole (Figure 17-75). The 
vertical radiator is located at the transmission line 
junction at the center of the loop and perpendicular 
to the plane of the loop. Since the loop radiates 
horizontally polarized waves, and the vertical dipole 
vertically polarized waves, there is at every point 
in space equal amounts of horizontal and vertical 
polarized waves, provided the power is equally di¬ 
vided between the two antennas. Since the relative 
phase and amplitude of the currents in the vertical 
dipole and loop can be controlled, it is possible to 
produce any type of polarization, i.e., horizontal, 
vertical, circular or the most general case, elliptical. 
Wide band transmission is possible as is shown by 
Figure 17-76. 

Experiments conducted with this type of antenna 
have shown that it is possible to secure a field 
strength independent of the orientation of the re¬ 
ceiving dipole, provided the latter is kept perpen¬ 
dicular to the direction of propagation. 

This type of antenna may prove very useful in 
ultra-high frequency communication networks 
where considerable fading may exist due to changes 
in the medium of propagation since in cases of 
severe fading, the probabilities are that both hori¬ 
zontal and vertical components of the electric field 
will not vary at the same rate and at the same time 
because they are affected differently by the reflect¬ 
ing medium between transmitters and receivers. 

In the case of broadcasting service, if circular 
polarization were used at the transmitting end, it 
would permit the use of either a vertical or hori¬ 


zontal dipole at the receiving end, depending on 
convenience or architectural acceptability. 

Field tests have been conducted to determine the 
feasibility of such a method of transmission in the 
F-M broadcast service. The engineering staff of 
the United Broadcasting Company of Cleveland, 
Ohio, under the direction of Carl E. Smith reported 
the results of their experiments in the Cleveland 
area to the F.C.C. on October 1, 1946. The trans¬ 
mitting antenna shown in Figure 17-77 was de¬ 
signed to radiate any type of elliptical polarization 
with controls to produce circular, diagonal, vertical, 
or horizontal polai izations. 

The term circulat polarization as used in the 
tests and report means the idealized case of elliptical 
polarization in a plane at right angles to the direc¬ 
tion of propagation. In this plane the electric vec¬ 
tor is of constant amplitude and rotates at the car¬ 
rier frc(jucncy in a clockwise or counter clockwise 
direction. In general, elliptical polarization will 
actually be produced; however, circular polarization 
may be approached. 

The report, which is too long to be reproduced, 
concludes that: 

“a. It is feasible to construct a transmitting antenna 
that will radiate elliptical polarization which closely ap¬ 
proaches circular polarization. 

“6. The propagation characteristics of circular, verti¬ 
cal, and horizontal polarizations are quite similar in 
nature, making it feasible to match service arfia corv- 
tours with any chosen polarization. 



Fig. 17-77. Transmitting antenna employed by United 
Broadcasting Company for purpose of conducting circular 
polarization tests. 
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“c. The adoption of circular polarization as the Fed¬ 
eral Communications Commission standard for FM and 
TV broadcasting stations would have the following 
effects: 

“(1) increase the installation and operating cost to 
the broadcaster, 

“(2) decrease the antenna requirements for the home 
and car radio receiver, 

“(3) materially increase the possibility that a receiv¬ 
ing antenna located at randoqi will provide sat¬ 
isfactory reception, 

“(4) not alter the allocation problem.” 

17-70. Vertical VHF Antennas and Arrays— 

In the emergency and other mobile and fixed serv¬ 
ices operating above 30 me, communication is in 
general confined to vehicles equipped with whip type 
antennas. This, plus the fact that vertical polarized 
antennas are nondirectional, dictates the choice of 
vertical antennas for use at the fixed stations of 
such services. The coaxial antenna invented by 
Arnold Bailey of the Bell Laboratories is used ex¬ 
tensively for this purpose. This device deserves 
somewhat detailed discussion, especially as to its 
background. 

The transmitter supplies power to the concentric 
antenna by means of concentric transmission lines. 
In these lines the useful current is carried by two 
paper-thin metallic conducting surfaces: first, the 
thin surface of the %-inch copper inner conductor 
which may be considered as the outgoing conductor, 
and, second, the inside thin surface of the %“hich 
copper sheath which may be considered as the re¬ 
turn conductor. The penetration of the current in 
these surfaces is extremely small at ultra-high fre¬ 
quencies. A third conducting surface, namely, the 
outer surface of the yK-inch cooper sheath, is pres¬ 
ent, but plays no part in the transfer of energy in 
the idealized case. Unfortunately, when a concen¬ 
tric line is placed in a vertical position, i.e., when it 
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RADIATING CONDUCTOR, THREE-QUARTER WAVE LONG 


Fig. 17-78. Vertical directivity patterns for 
grounded vertical antennas. 



Fig. 17-79. Method of terminating lower end of coaxial 
antenna in a very high impedance. 

is installed alongside the steel supporting pole and 
terminated at the top of the pole by the antenna sec¬ 
tion, adverse radiation takes place from both the 
pole and the metal surface of the transmission line. 

This radiation results from the fact that the use¬ 
ful r-f current in the inside conductor of the trans¬ 
mission line excites the antenna section which, in 
turn, excites the metal supporting pole and outside 
surface of the coaxial transmission line. The over¬ 
all effect is that the whole antenna structure acts 
like a long antenna and consequently the vertical 
directivity is seriously distorted. By referring to 
Figure 17-78 it will be seen that, as the antenna 
exceeds a half-wave length, high-angle radiation 
takes place and the useful signal along the surface 
of the earth is diminished. Hence in the case of 
the emergency services operating on the very high 
frequencies it becomes imperative to take precau¬ 
tions to confine the radiated power to tlie antenna 
only so that the maximum signal will be radiated 
at low angles close to the surface of the earth so 
as to provide the best local coverage. 

To achieve this purpose the Bell Laboratories 
developed the coaxial antenna. The coaxial an¬ 
tenna (Figure 17-79), consists of a quarter-wave 
section at the top of the pole, isolated from it by 
means of an anti-resonant high impedance circuit 
which serves to reduce materially the coupling be¬ 
tween the quarter-wave radiating portion of the 
antenna and the supporting pole and, consequently, 
high-angle radiations which contribute nothing to 
the service area. 

The enclosed sheath of the transmission line acts 
in conjunction with the inner surface of the large 
surrounding tube to form a short-circuited quarter- 
wave concentric line. The characteristics of this 
shorted section of line cause an extremely high 
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Fir,. 17-SO. I’\nir-iini1 array of \crtical ditioles. 

impedance to lie created across points A and B. 
riiis is equivalent to a liij^h () anti-resonant circuit 
which isolates the pole below point B from the an¬ 
tenna and reduces the stray jiule current to a mini¬ 
mum and hence undesirable radiations. 

When power is applied to this antenna, the center 
of the antenna is at minimum potential, the top is 
at a hijj^h potential and the bottom of the tube is 
at a high potential. The presence of the high Q 
anti-resonant circuit element at the bottom of the 
tube allows this high potential to exist even in the 
immediate proximity of the transmission line. 

The concentric line which feeds the antenna is a 
standard %-mch diameter gas-tight line and is 
placed for mechanical strength inside a heavy brass 
supporting pipe approximately 2 inches in diameter, 
both terminating in a solid brass bushing at the 
feed point, i.e., center of the antenna. A 3-inch 
diameter coaxial tube is attached solidly to this 
bushing at the feed point and clsewliere is kept 
insulated from the 2-inch pipe by internal ring 
insulators. The quarter-wave rod projects through 
a sturdy insulator at the feed point and is connected 
at the feed point to the inner conductor of the trans¬ 
mission line. 


Electrically, this coaxial antenna is a center-fed 
doublet and consequently closely matches the surge 
impedance of a standard % inch concentric line. 
'I'he doublet or dipole antenna consists of the 
quarter-wave rod and the outer surface of the 
3-inch tube, wliicli is also one-quarter wave long, 
making a total active radiator length of one-half 
wave. 

The coaxial antenna of this type, while generally 
scries fed, can also be skirt-fed. This is done by 
passing the center conductor of the transmission 
line through the supporting tube of the antenna 
structure and connecting it at a point of proper 
impedance matching on the skirt of the antenna. 
The length of the .kirt must be accurately computed 
to insure proper performance of a coaxial antenna, 
'riie skirt in connection with the quarter-wave radi¬ 
ation portion oi the antenna provides the proper 
termination for the transmission line. As stated 
previously in this chapter, if the impedance of the 
antenna at its feed point is not equal to the charac¬ 
teristic or surge impedance of the transmission line, 
some of the radio-frequency current is not radiated 
but reflected down tbe transmission line from which 
it is radiated, thereby destroying the low-angle radi¬ 
ation desired by the antenna system. In practice it 
is possible to keep the standing wave ratio within 
a value of 1.1 with a series-fed coaxial antenna, 
provided the skirt is of the correct length. A slight 
increase or decrease of the skirt length has a .narked 
effect on the standing wave ratio. 

17-71. Colinear Coaxial Antennas —Figure 17-80 
shows a four-element coaxial antenna array in 
which the coaxial elements are colinear. In this 
case a metal .sujiporting pipe over two wave lengths 
has four quarter-wave lengths between the sleeves 
and with a quarter-wave length from the top of 
the top sleeve to the top of the pipe. The manner 
of feeding energ) to this structure can be varied 
to meet particular conditions. In the form shown. 



Fig. 17-81. The ground plane antenna. 
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four coaxial cables are carried up the inside of the 
pipe, and the central conductor of each coaxial line 
is connected to the inner surface of one of the 
sleeves through an opening in the pipe. The outer 
conductors of the coaxial lines are connected to the 
pipe opposite the sleeve to which their central con¬ 
ductors are connected. The exact location of the 
four points of connection is a matter-of impedance 
matching and power transfer. The four coaxial 
cables are brought out near the bottom of the pipe 
and connected to the supply circuit from the trans¬ 
mitter. The phases at the points of attachment to 
the sleeves should all be alike, and this is brought 
about either by making all the coaxials of the same 
length or by other convenient means. 

With such a coaxial structure, the full effect of 
multiple units with vertical polarization of the radi¬ 
ated wave is realized. There is a still further in¬ 
crease in radiated power, however, because the four 
units form a continuous structure. With a single, 
isolated antenna, the current at the ends is zero 
because of the infinite impedance at these points. 
When an array of antennas is continuous, however, 
the impedance at the ends of each unit is not in¬ 
finite, and some current exists over the entire length 
of the array except at the top of the top unit and 
the bottom of the bottom unit. With the array 
shown in Figure 17-80, therefore, there is an addi¬ 
tional useful power gain because of these conditions. 

To attain the full advantage of such stacked ar¬ 
rays in practice, just as in the case of any antenna, 
their site must be carefully selected and should pref¬ 
erably be at a point well elevated above the sur¬ 
rounding terrain. 


17-72. The Ground Plane Antenna— The ground 
plane antenna depicted in Figure 17-81 is designed 
to produce a low vertical angle of radiation and at 
the same time permits proper termination of the 
transmission line and placing the antenna structure 
at ground potential which provides protection from 
lightning. 

Basically, the antenna is so designed that a paral¬ 
lel circuit is formed, whose impedance can be made 
to match the characteristic surge impedance of com¬ 
mercially available concentric transmission lines. 

The four arms extending out from the top end 
of the outer sleeve of the concentric base support 
are ground radials and are necessary to lower the 
radiation resistance and decrease the effect of 
high-angle interference radiation originating on the 
supporting structure of coaxial feed line, the effects 
of which have been discussed previously. 

Referring to Figure 17-81 it will be observed that 
the outer conductor of the coaxial transmission line 
is connected to the outer conductor of the base sup¬ 
port at the point where the inner conductor is con¬ 
nected to the vertical or driven clement of the an¬ 
tenna. The quarter-wave horizontal elements may 
be bolted directly to the supporting pole or mast. 
Since the inner conductor is connected to the outer 
conductor by a metallic shorting disc at its base the 
whole structure may be placed at ground potential, 
thereby providing lightning protection. 

The use of the ground plane antenna is not limited 
to the very high frequencies, but can be used to 
advantage to secure low-angle radiation at high 
frequencies if space permits. 




CHAPTER 18 


RADIO EQUIPMENT FOR THE EMERGENCY 

SERVICES 


This chapter describes transmitters and receivers 
employed in the Emergency Services licensed by 
the F.C.C. These services include state and mu¬ 
nicipal police systems, forestry, fire departments, 
railroads, and other public utilities. Space docs 
not permit describing the many special applications 
of radio in the Emergency Services such as un¬ 
attended transmitters that automatically operate to 
report the height of rivers and dams and other such 
special uses. 

In the police and forestry service, acute problems 
have been encountered in many cases in the attempt 
to provide state wide coverage at all times. These 
problems have been overcome by a judicious choice 
of transmission and reception methods, locations, 
and directive antennae. 

Amplitude modulation is widely used on the lower 
frequencies for fixed station e(iuipment and on the 
higher fretpiencies for services wherein distances 
and noise levels are not a serious factor. It has 
been demonstrated that frequency modulation has 
definite advantages when distance and noise level 
become a factor. The low ratio of desired-signal- 
to-undesired-signal to overcome interference and 
the “capture effect” characteristics of F-M permit 
several stations to operate at one time with a mini¬ 
mum of interference. 

F-M receivers have been developed for the Emer¬ 
gency Services that give limiter saturation and a 
20-db noise reduction with an input signal of one- 
fourth of one microvolt, and with a squelch action 
that is positive on signals as low as one-tenth of 
one microvolt. 

Advantage is also taken of the prevailing noise 
level to provide a control voltage of the squelch cir¬ 
cuit to keep it closed except during reception of a 
carrier. The controlling voltage is used in series 
with a voltage derived from the current rectified 
in the grid circuit of the first limiter. If the noise 
level increases, the voltage developed both by the 
current through the limiter and the squelch circuit 
operates to keep the squelch closed. However, the 
voltage developed by a carrier will increase the 
squelch opening voltage and decrease the closing 
voltage so that the total voltage operating the 
squelch is the sum of the two changes in voltage 
thereby accomplishing unusual sensitivity and dis¬ 
crimination against noise. An ordinary squelch 
system opens on bursts of static and other sources 
of interference, and in some installations, the 
squelch may be adjusted to open on a weak signal 


but the proper discrimination against noise is not 
available. 

The use of high frequencies for emergency serv¬ 
ice permits the use of directive antenna systems as 
well as unattended relay stations. 'I'he problem of 
state wide coverage encountered by the state of 
California is lu^t unlike that encountered by other 
states, but it is of interest because of the unusual 
topographical situation having extremes in elevation 
and main highways extended between mountain 
ranges. It is for this reason that a description is 
incluch'd later in this chapter of the directive an¬ 
tennae and relay stations that are used to advantage 
in that state by the Highway Patrol. In addition, 
technical descriptions are provided in this chapter 
of fixed, mobile and relay F-M transmitters and 
receivers that are in common use in the Emergency 
Services. 

18-1. Motorola Model FMT-30D F-M Radio 
Transmitter '—This 30-watt transmitter has been 
designed for mobile communications work in the 
frequency range from 30 to 40 me and is adjus^id 
for operation at a specified freciuency in that range. 
If at any time it is desired to change the operating 
frequency, it is necessary to install a new crystal 
and retune the transmitter in accordance with in¬ 
structions given below. This transmitter is fur¬ 
nished with a crystal which permits slight adjust¬ 
ments of operating frequency in order that all units 
of a system may be set to precisely the same 
frequency. 

18-la. Description—A complete installation in¬ 
cludes the following eejuipment, (a) transmitter, 

(b) antenna, (V*) control head, id) microphone, 

(c) connecting cables, (/) installation and service 
manual, and (</) accessory kit. 

To simplify the installation procedure, all units 
have been assembled as completely as possible, leav¬ 
ing a minimum number of operations for the in¬ 
stallation man. Therefore, the actual installation in 
tlie car does not require unusual skill or knowledge, 
but can be accomplished by any good mechanic who 
will follow carefully the in.structions contained in 
this book. Although any good mechanic can make 
the installation it is illegal for anyone to place this 
transmitter on the air and to tune or adjust it, except 
under the direct supervision of a qualified radio 
operator holding a radio telephone second class 
license or higher. (See section 13.630 F.C.C. Rules 
and Regulations.) 

1 Galvin Manufacturing Co., Chicago, Illinois. 
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18-lb. Output Stage Alignment and Antenna 
Loading Procedure —An Oh mite D-lOO 34-ohm 
dummy antenna, together with an 0-1 amp r-f am¬ 
meter, or a 32-volt 25-watt (farm) lamp is required. 
Connect the load by very short heavy leads (2 
inches or less) to a suitable connector and plug into 
antenna receptacle on the chassis control panel. 

It is also imperative to have a 2000-ohni d-c 
resistance microamnieter with 0 to SO microampere 
range, and connecting cable and plug. This meter 
plugs into the meter jack on the chassis control 
panel and measures effective plate and grid currents. 

With the housing off the transmitter and the plate 
power turned on, high voltages are exposed. Be 
very careful not to touch the tube plate cap, tuning 
condensers, or tank coil. It is wise to be cautious 
when working on any high voltage equipment. 
These voltages are dangerous. Be careful. 

Pre-set the antenna tank condenser C29 to full 
mesh. Turn the filaments on and allow them to 
heat up for at least 30 seconds before turning on 
plate voltage. Plate voltage is turned on by press¬ 
ing the “push to talk*’ button on the microphone. 
Do not leave the plate voltage on more than a few 
seconds at a time until the power amplifier is prop¬ 
erly tuned. 

Tune the plate condenser C28 to resonance. 
This is indicated by a dip in plate current as indi¬ 
cated on the microammeter, when the meter switch 
is in the PA position. Load the power amplifier 
stage by decreasing the antenna tank capacitance 
(C29), With each decrease in C29, it will be nec¬ 
essary to retune the plate tank condenser C28 for 
minimum dip in the plate current as indicated on 
tile microammeter. 

The above process should be continued until the 
minimum dip (when plate tank condenser C28 fs 
resonated) reads 27 on the microammeter.- This 
value represents a power amplifier tube loading of 
100 ma. The r-f ammeter will indicate about 0.94 
amp. If a 32-volt 25-watt lamp is used, it should 
light brilliantly. At the correct output stage load¬ 
ing, 100-ma plate current, the plate tank condenser 
should be somewhat in mesh. 

Remove the dummy antenna and connect the 
transmitter to the antenna proper. Make sure that 
the preliminary adjustment of the antenna, as pre¬ 
viously indicated, has been carried out. If, with 
the antenna tank condenser C29 completely in mesh, 
the output tube loading is greater than 27, this indi- 

2 To compensate for differences in microammeters, the 
maximum power amplifier (PA) loadinK of this trans¬ 
mitter should be as follows: When using the Motorola 
K-8100 Microammeter Kit (Simpson No. 284 0-50 d-c 
microammeter with connecting leads and pl\^) load the 
power amplifier stage as indicated above, i.e., 27. All 
equipment (except those units used as exciters) using the 
3'' Simpson 50 microampere panel mounting meter should 
have the power amplifier stage loaded to a point where the 
panel meter reads approximately 21 instead of 27 as indi¬ 
cated above. These conditions must be observed if maxi¬ 
mum tube life is expected. 


cates that the antenna is not correctly matched. In 
order to correct this, two steps may be taken: 

1. Change the antenna length until the tube can 
be loaded down to 27 by re-resonating the plate tank 
condenser. 

2. Increase tank coil inductance. This is not 
desirable, but may be tried, if step No. 1 fails to 
produce the desired result or is not practicable. 

It is desirable that the antenna tank condenser 
C29 be somewhat out of mesh when the power 
amplifier stage is correctly loaded in order to have 
plus or minus capacitance left for finer adjustment. 

In some cars, because of their shape or position 
of the antenna, the location of the plate tank con¬ 
denser C28 may not coincide with that obtained 
when using the dummy antenna. In some extreme 
cases, it will be found impossible to load the output 
stage to the correct value at the extreme low fre¬ 
quency end of the band, because of capacitive ef¬ 
fects due to the antenna position, car shape, or an¬ 
tenna length. This may occur even though the an¬ 
tenna tank condenser is completely in mesh. A 
loading coil of about % turn, 1 to 3 inches in di¬ 
ameter added at the base of the antenna, just inside 
the car trunk, and connected in series with the 
antenna and lead-in, will often make possible the 
correct loading of the output stage. This loop 
should be made of heavy self-supporting wire (no. 
10 or heavier). 

It is desirable to check the output frequency with 
a wavemeter at this point to make sure that the 
equipment is operating on the correct frequency. 

18klc. Importance of Wavemeter —It is impor¬ 
tant that a wavemeter be used, for without it there 
is a possibility that the various circuits may be 
aligned to the wrong harmonic of the oscillator 
frequency. 

Because it is not practical to use a crystal ground 
to oscillate at ultra-high frequencies, the oscillator 
circuit operates at a lower frequency, which is only 
M 2 of the transmitter frequency. To state the 
above in another way, a transmitter designed to 
operate on 32 me has a crystal ground to oscillate 
at 1.0 me. Therefore, when the transmitter, is 
tuned, the oscillator circuit will be resonated at a 
frequency near 1.0 me. However, the other circuits 
(quadruplers and power amplifier) will be reso¬ 
nated not to the 1.0-mc fundamental frequency of 
the oscillator circuit but, instead, to its fourth har¬ 
monic for the 1st quadrupler plate tank, to the 16th 
harmonic for the 2nd quadrupler plate tank, and 
the 32nd harmonic for the driver plate tank and 
32nd harmonic for the power output stage. 

To double check and insure operation on the as¬ 
signed frequency, it is suggested that a wavemeter 
be included in the station equipment. To use it, 
merely couple it to the tank coil of the power ampli¬ 
fier and adjust the wavemeter control until the 
indicator shows maximum deflection. The fre- 
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quency of the transmitter will be indicated on the 
wavemeter dial. 

IS-ld. Operation —Turn the filaments on by 
turning volume control knob to the right at the 
control head. The pilot light behind the green 
jewel will indicate that the transmitter filaments are 
supplied with current. About one-half minute 
should be allowed for the tubes to warm up to oper¬ 
ating temperature before attempting to place the 
transmitter on the air. Current consumption for 
filaments is 2.8 amp. Plate voltage is applied only 
when the transmitter is on; it is controlled by the 
press-to-talk button on the microphone, and is indi¬ 
cated by the red pilot light. 

Press the talk button. This button is located 
on the microphone and, when pressed, automatically 
connects the plate voltage, placing the transmitter 
“on the air.*^ 

Before pressing talk button to apply plate volt¬ 
age, be sure that the transmitter has previously 
been correctly tuned and loaded to the antenna. If 
the transmitter has not been correctly tuned, do not 
apply plate voltage until alignment instructions have 
been followed. Maximum current consumption 
when “on the air” is 30 amp. 

The microphone should be held close to the mouth 
at an angle of about 45®; the operator should press 
tlic talk button and speak clearly and distinctly so 
as to prevent car and extraneous noises from inter¬ 
fering with the desired message transmission. 
Speaking in a low tone or at low intensity should 
be avoided when the .station to be called is in a 
noisy location because full modulation is required 
in order to get best noise suppression capabilities 
of frequency modulation. 

Tuning Adjustments—The transmitter 
was tuned and adjusted for its exact operating fre- 
(juency at the factory. Unless it has been handled 
roughly while in transit, or otherwise abused or 
tampered with, it should require no further adjust¬ 
ment before placing it in service, other than to align 
the output amplifier stage to the antenna as has 
already been described. 

If, for any reason, it becomes necessary for the 
transmitter to be returned, the following instruc¬ 
tions outline the correct procedure. 

18-lf. Alignment—This section includes align¬ 
ment procedure for transmitter units using either 
iron-core or air-trimmer tuned coils. Be careful 
throughout the tuning procedure not to touch coils, 
condensers or other chassis parts. Some of them 
are hot with high voltage when the transmitter 
is on. 

A rotary switch is located on the front of the 
transmitter chassis for the purpose of switching 
the. alignment indicating meter into the various 
circuits. The meter plugs into a jack on the front 
of the transmitter chassis. The switch positions 
are numbered to correspond with the transformer 
coils. Number 1 position on the meter switch indi¬ 


cates the meter is in the circuit for tuning trans¬ 
former Tl, etc. The position marked mod is not 
necessary in the tuning procedure. It is merely a 
check on the modulator circuit. 

The center pin on the meter plug should he con¬ 
nected to the negative meter terminal to obtain a 
correct reading on all switch positions except the 
PA position. The meter leads must be rever.sed 
when the meter switch is in this position to get an 
upward deflection on the meter. Remove the plate 
cap from the top of the amplifier tube before pro¬ 
ceeding to tune up the transformer coils. Never 
have the transmitter plate voltage on for more than 
a few seconds at a time until the transmitter is 
completely tuned. The plate current is high in un¬ 
tuned circuits and may result in damage to tubes 
and parts if the transmitter is left on for too long 
a period. 

All air trimmers in the transformer cans increase 
capacitance by timing clockwise. This decreases 
the frequ^'ncy. All iron-core tuned coils increase 
inductance when turned into the transformer cans 
(clockwi.st rotation of .screw^. This decreases the 
frequency. The transmitter has been tuned to a 
requested operating frequency at the factory. Air- 
trimmer tuned coils have a red dot marked on the 
trimmer shaft and transformer can to mark the set¬ 
ting made at the factory. The frc(iuency to which 
iron-core tuned coils are set can be determined ap¬ 
proximately by the amount of the screw that is 
cxpo.sed above the transformer can. At 42 me 
about IVh i^ich of screw will be exposed; at 36 me 
about % inch; and at 30 me about inch. 

If for some reason it becomes necessary to change 
the freijuency of the transmitter, the following must 
be oI)served when air-trimmer tuned coils are used 
in the transmitter. When the transmitter is to be 
operated between 30 and 33 me, it is necessary to 
add a condenser (C2) across the air trimmer con¬ 
denser (C37) in transformer Tl. Refer to the 
schematic diagram. C2 is soldered to terminals 
No. 4 and 5 on the bottom terminal insulator of 
transformer coil Tl. The value of C2 should be 
25 When the transmitter operates above 33 

me, no condenser (C2) is used. When iron-core 
tuned coils are used, transformer coil Tl can be 
adjusted to any frequency within the frequency 
range of the transmitter unit without the addition 
of an extra condenser. 

In addition to the regular microphone receptacle 
on the control head, another microphone receptacle 
is incorporated in the transmitter unit on the front 
of the transmitter chassis. This enables the oper¬ 
ator or service man to use the microphone while 
working at the transmitter. 

Using a nonmetallic screwdriver, tune each trans¬ 
former coil Tl, T2, T3, T4, and TS, respectively, 
for maximum indication on the meter. Make cer¬ 
tain the meter switch is set to the correct position 
when tuning each coil. Each transformer coil will 
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tune to several harmonics. Make certain each coil 
is peaked at the harmonic giving the greatest indi¬ 
cation on the meter. It is desirable to tune T1 
(crystal oscillator plate tank) a small amount to 
the high-frequency side of the resonant point 
(counterclockwise) for better oscillator stability 
and starting. 

Before tuning the final amplifier, connect a 34- 
ohm Ohmite No. D~100 dummy antenna in series 
with an 0-1 amp r-f meter to the antenna plug. A 
25-watt, 32-volt light bulb may be used instead for 
a dummy antenna. Total lead length should be less 
than 2 inches. 

Before applying plate voltage to the final ampli¬ 
fier, set the bottom antenna tank condenser C29 to 
maximum capacitance (plate completely meshed). 
Set the top plate tank condenser C28 about % open. 
Replace the plate cap on the final amplifier tube. 
Apply plate voltage momentarily and tune plate 
output tank condenser C28 for minimum reading 
on the meter with the meter switch set at pa. 

The final amplifier should load to approximately 
100 ma. To obtain this reading, decrease or in¬ 
crease the capacitance of the antenna condenser C29 
and again retune plate condenser C28 for minimum 
dip on the meter. Repeat this procedure until the 
correct meter reading of 100 ma is obtained. The 
output indication on the r-f meter should then indi¬ 
cate approximately 30 watts output. When using a 
25-watt light bulb, this should light the bulb quite 
brilliantly. Any change in the antenna condenser 
C29 re(iuires readjustment of plate condenser C28 
to bring the circuits back in resonance. 

After the power amplifier has been tuned, the 
transformer coils should be readjusted to insure 
greatest efficiency. 

When antenna loading is correct, approximate 
meter readings will be as follows, if Microammeter 
Kit K8100 or an equivalent 0-50 microampere meter 
with 2000 ohms d-c resistance is used. 


T1 . 

. 20 

T5. 

.25 

T2 . 

. 20 

PA . 

.21 

T3 . 

. 25 

MOD. 

.20 

T4 . 

. 12 




Any change in the value of the load resistance 
requires a readjustment of the antenna and plate 
condensers C28 and C29; therefore, when connect¬ 
ing the antenna in place of the dummy, the antenna 
circuit may no longer be in resonance and must be 
returned to match the antenna. The same proce¬ 
dure is used for tuning the antenna circuit as was 
originally used for tuning the antenna dummy. 
Regardless of the value of the load resistance, the 
transmitter will deliver the same output for a given 
value of plate current. 

Check the frequency of the transmitter to make 
certain it is operating on the assigned frequency. 

If the above instructions have been carefully 
followed, no trouble should be experienced with 
improper modulation. 


For operation on the high-frequency end of the 
band, a six-turn antenna tank coil is used. For the 
low end of the band an eleven-turn coil is used. 
Check the tank coil to make certain the correct 
number of turns is used for the desired frequency. 

18-lg. Miscellaneous Information 

1. Rezfersing strip, A polarity reversing strip is 
provided underneath the chassis. The transmitter 
units are shipped from the factory wired for opera¬ 
tion in cars with the negative side of the battery 
grounded, and it will be necessary to reverse the 
dynamotor leads on the reversing strip, if cars with 
positive battery ground are used. 

2. Substitute meters. If a SO-microampere, 2000- 
ohm meter is not available, it is possible to use a 
150-ma meter for aligning and loading the antenna 
and output stage. This meter should be connected 
in series with the 807/RK39 cathode resistor (R25). 
Any low-range microammeter may be used for 
emergency alignment of the low power stages. 

3. Receiver muting circuit. One set of contacts 
on relay RY2 are used to mute the receiver in 
transmitter-receiver combinations. 1'hese contacts 
are wired to lugs 3 and 4 on the receiver receptacle, 
located on the transmitter front panel. If the re¬ 
ceiver used in combination with this transmitter is 
a Motorola model FMR-13, muting during trans¬ 
mission is accomplished by bringing the receiver 
plate supply through the power interconnector cable 
to the relay contacts in the transmitter. In the 
transmit position, receiver plate power is opened, 
thus effectively muting the receiver. This same 
method of muting can be applied to any other type 
of receiver that may be used in combination with 
this transmitter. Other muting circuits may be de¬ 
vised using these control receptacle lugs. 

4. Dynamotor maintenance. Dynamotor brushes 
should be checked for wear every few months. 
Brushes worn down to % inch should be replaced. 
The low-voltage primary brushes will wear faster 
than the secondary output brushes. Care should be 
exercised when inspecting or replacing brushes to 
make sure that brushes are placed in exactly the 
same position they occupied before removal in order 
to minimize commutator wear. 

In some cases a ridge may be worn on the side 
of the secondary output brushes before their length 
wears down to % inch. This may cause these 
brushes to stick in their holder and cause consider¬ 
able arcing. In this case, new brushes should be 
installed before they wear down to % inch. 

5. Battery connections. Battery connections 
should be periodically inspected to see that they are 
clean and tight in order to prevent unsatisfactory 
operation of the transmitter due to low voltages 
caused by excessive voltage drop across loose con¬ 
nections. Also check the transmitter fuse to see 
that it is screwed snugly in its holder. Due to the 
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high current, it is imperative that the fuse fit snugly 
in its holder to prevent voltage loss at this point 

6. Method of checking battery and cable connec¬ 
tions. Measure the voltage between pins 2 and 7 
at the control head when the transmitter is operat¬ 
ing (plate voltage on). For satisfactory operation, 
the voltage at this point should be at least ^7 volts. 

7. Car generator. The car generator should have 
an adequate output in order to keep the battery in 
good condition. Check generator connections 
periodically. 

8. Using receiver plate voltage for loio-poiver 
stages of transmitter. It is possible to increase the 
output of this transmitter slightly when the trans¬ 
mitter is used in comliination with a receiver that 
IS muted by opening its plate supply circuit The 
receiver power supply must be capable of supplying 
between 250 and 270 volts at 60 ma This is accom¬ 
plished by connecting a jumper on the transmitter 
terminal board between RB and 1 This connects 
the receiver plate supply to the low voltage trans¬ 
mitter stages when the lelay RY2 is in the trans¬ 
mit position. 

ia-2. Motorola Model FMT-25V F-M Radio 
Transmitter —This transmitter is approximately 
the same as model FMT~30D except that a vibrator 
power supply is used instead of a dyn«imotor, a 
biter choke is used, no polarity reversing strip is 
required, and the power output is 25 watts The 
r-f chassis and alignment are identical to the 
FMT-30D. 

The vibrator powei supply is a dual series con¬ 
nected unit using two Mbrators and two gaseous 
rectifiers This supplv does not have as high an 
output as the dynamotor The output for 5 6 volts 
input is approximately 540 volts at 150 ma, and 
due to this lower supply the transmitter output is 
1 educed to 25 watts. Each of the two senes con¬ 
nected supplies is separately fused in addition to 
the main fuse supplied in the r-f chassis proper. 
1'he vibrator power supply schematic diagram is 
shown in Figure 18-2 

By connecting a jumper on the transmitter ter¬ 
minal strip, an external plate power source of 250- 



Fig. 18-2. Motorola P-8027 vibrator power supply used 
with FMT-2SV transmitter 



Tu. 18-i Link radio transmitter-receiver t>pe ^0 UFS, 
open front vie>^ 


270 volts and 60 ma can be used to operate the 
oscillator, multiplieis, and doubler driver stages 
Thus more voltage will be supplied to the output 
stage and give appioximately five additional watts 
When used with the Motorola FMR-13V receiver, 
the cable interconnector automatically takes care of 
this. 

'J he power supply is wired for two types of vi¬ 
brators, those that have a separate set of points 
for actuating the deflecting coil and those that do 
not have the separate set of points 
18-3. Link Radio Transmitter-receiver T 3 rpe 
SO-UFS** —The Link radio transmitter-receiver 
type 50-UFS ed. 7 is a complete assembly designed 
for two-way communication in the 30-44 me very- 
high-frequency band It consists of the 50-watt 
radio transmitter type 50-Uh''S ed. 7, radio receiver 
type 12-UF ed 6A and all accessories for accom¬ 
plishing an operating two-way communication sys¬ 
tem in a fixed station. The equipment is designed 
to derive all of its primary energy from 115-volt 
50-60 cycle a-c lines. 

The transmittei, power supply, and receiver chas¬ 
sis are mounted with all the co-ordinating acces¬ 
sories in a completely enclosed rack cabinet. Front 
and rear doors give immediate access to any adjust¬ 
ments or circuit components for servicing. At the 
top front of the cabinet are located two meters 
reading pa plate voltage and current, filament and 

8 Link Radio Corporation, New York, N. Y. 
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plate switches, pilot lamps, and the loud-speaker 
grill. 

Inside the cabinet, in addition to the chassis al¬ 
ready mentioned, is a control and termination chas¬ 
sis containing the necessary circuits to provide for 
local and/or two-wire or four-wire remote control 
of the complete equipment. Terminals are also 
provided on this panel for local control wires, re¬ 
mote control pairs, and repeater control. 

The remote control feature provides receiver- 
transmitter and control facilities over either one or 
two telephone pairs when used with a Link radio 
remote control unit type 1890. At the same time 
complete use of the normal local control handset is 
retained. 

Further characteristics appear below: 

Overall cabinet size; 21 inches wide, 11 inches 
deep, 34^ inches high. 

Total weight: 142 pounds. 

Supply voltage: IIS volts, 50-60 cps. 

Total input power (including receiver): 
Standby: 130 watts. Transmitting: 275-300 
watts. 

Frequency range: 30-44 me. 

System audio response; ± 3 db 300-3000 cps. 

Radio transmitter type 50-UFS ed. 7 is a 50-watt 
(nominal output) frequency-modulated unit de¬ 
signed for rack mounting. Its more salient char¬ 
acteristics may be listed as follows: 

Power output: 50 watts (nominal). 

Frequency deviation: ± 15 kc. 

Power input: From 115 volt a-c source 
Standby: 65 watts. Transmitting: 210-235 
watts. 

Output impedance: Any—usually fed into 50 
to 70 ohm concentric line. 

Radio transmitter type 50-UFS ed. 7 utilizes the 
phase-shift method of obtaining the desired devi¬ 
ation. This permits both direct crystal control of 
the carrier frequency and a simple circuit design 
with no critical tuning adjustments. A carrier 
power of 50 watts is available under normal oper¬ 
ating conditions. The transmitter is entirely self- 
contained except for filament and high-voltage plate 
supplies for the tubes. Eight tubes are included 
on the chassis, six of which are of the low-drain 
receiving type. The crystal frequency is multi¬ 
plied 32 times in order to obtain the final operating 
frequency. All tuning adjustments are straight¬ 
forward and small errors in making them will not 
affect the output frequency, quality, or modulation 
level in any way. 

Radio receiver type 12-UF ed. 6A is a 12-tube, 
crystal-controlled, single-frequency, frequency- 
modulation, superheterodyne receiver. Some per¬ 
tinent characteristics follow: 


Frequency range: 30-44 me. 

Type of signal: Frequency modulated. 

Frequency deviation: ± 15 kc. 

Audio response: i 3 db 300-3000 cps (sys¬ 
tem) (sharp cutoff filter attenuates frequen¬ 
cies above 3000 cps). 

Power input: 65 watts from 115 volt 50-60 cps 
a-c source. 

Output impedance: 500 ohms. 

Control: Co-ordinated with 50-UFS control. 

Radio receiver type 12-UF ed. 6A utilizes 12 
tubes in a double-conversion superheterodyne cir¬ 
cuit. Two quartz crystals are employed to insure 
stable receiving conditions under all variations of 
temperature and humidity. The double i-f system 
makes possible excellent bandpass characteristics 
with a very favorable image ratio. 

Three tuning meter jacks arc located on the re¬ 
ceiver chassis. One is for measuring the grid 
current of the first limiter, thus indicating resonance 
in all the preceding stages. The second is for meas¬ 
uring the grid current of the second limiter and 
the third is to permit adjustment of the balance of 
the discriminator circuit. The two former require 
the use of a zero to one milliampere meter while the 
third requires a fifty or one hundred microampere 
meter, center-zero type preferred. A monitor jack 
across the 50()-ohm output is located on the receiver 
chassis to permit aural monitoring of the receiver 
when the loudspeaker is remotely located. 

18-3a. Circuit Description 

1. Radio Transmitter Type SO-IJFS Ed, 7. The 
50-UFS ed. 7 transmitter is a frequency-modulated 
transmitter utilizing the phase-shift method of ob¬ 
taining frequency deviations and as such exhibits 
considerably different characteristics than the usual 
amplitude-modulated units. Intelligence is con¬ 
veyed in variations of the constant-amplitude carrier 
w’ave. The use of the phase-.shift method of fre¬ 
quency modulation allows direct crystal control of 
the mean carrier frequency, a necessity in un¬ 
attended equipment. It necessitates, however, con¬ 
siderable frequency multiplication after modulation 
to generate sufficient frequency deviation. A num¬ 
ber of small, low drain tubes are used for this func¬ 
tion, and a total frequency multiplication of 32 
times is affected. 

(a) Oscillator-modulator. The twin triode VI 
(7F7) acts as both crystal oscillator and phase 
modulator. The first half of the tube operates as 
a resistance-coupled aperiodic oscillator circuit. 
The crystal, which is connected between grid and 
plate, operates on the 32nd sub-harmonic of the 
output frequency. Since the output frequency 
range is 30-44 me, the crystal frequency will lie 
between 937.5 and 1375 kc. 

The second half of the 7F7 acts as a phase modu¬ 
lator. The r-f output of the crystal oscillator is 
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Fig. 18~4. Link radio tranhinitti*r-recei\cr type 50-UFS ed. 7, eijuipment assembly, schematic diaRram. 


impressed on the phase-modulator grid by means 
of the blocking condenser C4. The cathode circuit 
is provided with a large amount of degeneration 
by unbypassed resistor R3. Because of this de¬ 
generative feedback, the transconductance of the 
triode is abnormally low—so low that the plate 
current is affected about as much by the direct 
grid-plate capacitance as by the transconductance. 


The two effects result in plate current vectors 
almost 180° apart, and the total plate current is 
the resultant of the two components. In phase it 
will be about 90° removed from the phase of the 
voltage impressed on the grid. 

When audio is impressed on the grid, thereby 
periodically changing the bias, and in consequence, 
the transconductance, the plate current, in both 
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amplitude and phase, undergoes a periodic change. 
The amplitude modulation is unimportant, and is 
removed in the frequency multipliers which follow, 
but the phase modulation remains and is the essen¬ 
tial element of the transmitted signal. 

The phase modulation is mcdified by the use of a 
frequency-correcting circuit consisting of resistor 
R5 and condenser CS. These elements are con¬ 
nected between the phase modulator grid and audio 
amplifier V8. I'lie frequency-correcting circuit is 
introduced because the frequency deviation brought 
about by phase modulation is linearly proportional 
to frequency, and pure phase modulation would 
become troublesome at high audio frequencies. 
The correcting circuit causes the deviation vs. fre¬ 
quency curve to begin to flatten out above 2000 
cycles. 

(b) Frequency multipliers. The frequency devi¬ 
ation which may be produced in a modulator such 
as described above is relatively small, usually not 
more than a value equal to the modulating frequency 
(otherwise severe distortion is encountered). To 
get sufficient deviation (±15 kc) the frequency of 
the modulated wave must be multiplied considerably. 
(In this case it is multiplied by a factor of 32.) 
The multiplication is accomplished by a quadrupler 
and three doublers, which act as Class C radio fre¬ 
quency amplifiers with grid-leak bias. The grid 
drive in each case is well above saturation so that 
slight changes in tuning or reduction in tube emis¬ 
sion can have little effect on succeeding stages. Up 


to this point, all stages use receiving type tubes 
working at relatively low plate and filament 
currents. 

(f) Power amplifier. The power amplifier uti¬ 
lizes two 807 beam transmitting tubes (V6 and V7) 
in parallel as a Class C amplifier. Grid leak bias 
is UvSed and, as in the preceding stages, the grid cur¬ 
rent is metered for alignment and testing. The 
plate tank and antenna circuit is of the Pi type for 
harmonic suppression and ease of adjustment. This 
circuit consists of plate tuning condensers C35, the 
tank coil L6, and the antenna loading condensers 
C36 and C37. The output is fed through blocking 
condenser C38 to antenna relay Kl. 

(d) Audio amplifier and input circuits. Audio 
input to the transmitter is derived either from a 
single-button carbon microphone or from a remote- 
control two-wire line. Input transformer T1 pro¬ 
vides a 50 ohm or a balanced 200/500 ohm termina¬ 
tion respectively for these two applications. Actu¬ 
ally the transformer is terminated on one-half of 
the secondary in such a manner that the input im¬ 
pedance across the 0-200 terminals is approxi¬ 
mately 500 ohms. Microphone current is derived 
from the cathode circuit of the third doubler V5 and 
is filtered by condenser C41. 

The output of transformer T1 is amplified in the 
7A4 audio amplifier, tube V8, and fed to the phase 
modulator from the voltage divider R33, R34. R30 
is an adjustable gain control. 

(e) Control and power circuits. Radio transmitter- 
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receiver type 50-UFS ed. 7 has sufficient relay cir¬ 
cuits for complete local or remote control and in 
addition is designed to provide all necessary relay 
and control functions for the radio receiver type 
12-UF ed. 6A except applying the primary power 
which is done by the switch on the receiver volume 
control. The normal operating sequence is as 
follows: 

Switch S401 on the cabinet applies primary volt¬ 
age to the filament transformer on the pow'er supply 
which in turns lights all filaments. The green pilot 
lamp on the front of the cabinet is lighted at the 
same time. In order to transmit, the receiver 
must be turned on to supply voltage for actuating 
the transmitter control relay K301. 

A portion of the B voltage of the receiver is ap¬ 
plied to the winding of relay K301 through the volt¬ 
age divider R301-R3()2, R303, and handset push 
switch when the local handset is in use. When the 
local handset is not in use, voltage to actuate K301 
is supplied by the two-wire/four-wire remote con¬ 
trol unit. 

When relay K301 on the control panel is ener¬ 
gized, the two-wire line is transferred from the 
receiver output to the transmitter input, relay K1 
on the transmitter chassis is energized and at the 
same time primary power is applied to the trans¬ 
mitter plate supply. 

Relay K1 (transmitter chassis) shorts the re¬ 
ceiver audio output, thus muting the receiver, and 
transfers the antenna from the receiver input to 
the transmitter output at the same time. 

The twelve-terminal strip on control and termina¬ 
tion chassis type 1907-C provides facilities for 
either two- or four-wire control connections. 

2. Radio Receiver Type 12-UF Ed. 6A. While 
radio receiver type 12-UF ed. 6A is designed to 
receive signals wherein the intelligence is conveyed 
in the variations of carrier frequency about a mean 
frequency instead of variations in the amplitude of 
the carrier about a mean level as in amplitude modu¬ 
lation, there are only three fundamental differences 
between amplitude and frequency modulation 
receivers. 

The first difference is in the bandpass character¬ 
istics. Since the carrier frequency varies over a 
i)and of plus and minus 15 kc about the mean carrier 
frequency, the receiver has to accept a band at least 
30 kc wide. Thus the intermediate-frequency trans¬ 
formers are designed to pass a relatively wide band 
compared to an A-M receiver. 

The second difference is that since only variations 
in frequency are to be converted into intelligence, 
amplitude variations of the signal must be removed. 
This function is accomplished by the limiters. 
They are, in effect, saturated amplifiers so that in¬ 
creasing the input to them above a certain level will 
cause no increase in their output. Thus they 
“limit” the magnitude of the signal applied to the 
discriminator to a constant level. The excellent 


signal-to-noise ratio of the 12-UF ed. 6A receiver 
is largely due to the use of two cascaded limiters. 
On signals too weak to effectively saturate the first 
limiter, the second limiter is already saturated and 
removes whatever amplitude noise variations the 
first limiter has permitted to pass. 

The third difference is in the method of detection; 
that is, the conversion of freciuency variations into 
audio frequencies. This function is accomplished 
by the discriminator transformer ('17) and the 
7A6 detector. This device is similar in operation 
to certain types of automatic fretjuency control dis¬ 
criminators used in broadcast receivers. 

(a) R-f amplification and mixing. The antenna 
input circuit of radio receiver type 12-UF ed. 6A 
is designed to matcli a 50-70 ohm concentric line. 
A 7AG7 (VI) serves as a high gain r-f amplifier 
with both grid and plate circuits tuned for maximum 
efficiency. The output of the r-f amplifier is con¬ 
verted to the first intermediate frecjuency of 5000 
kc in the 7AG7 mixer (V2) by beating against the 
output of the local oscillator. 

(b) Crystal oscillator. The local oscillator is a 
crystal-controlled 7AG7 r-f pentode (V7). The 
tank circuit is tuned to the fourth or fifth harmonic 
of the crystal and a portion of the voltage appearing 
across it is injected into the mixer grid circuit to 
obtain the desired frcciuency conversion. 

(r) /-/ Amplifier and converter. One stage of 
amplification on 5000 kc is provided using a 7AG7 
(V3) as the amplifier. Its output is applied in turn 
to the 7S7 converter (V4) where the frequency is 
changed to the final intermediate frequency of 456 
kc. This is accomplished by using the oscillator 
portion of V4 as an aperiodic oscillator with a 
5456-kc crystal connected between plate and grid. 
The crystal is of the same high quality as the signal 
frequency crystal. 

The beat between the 5000-kc output of the first 
i-f stage and the 5456-kc crystal results in the final 
intermediate frequency of 456 kc which is amplified, 
passed through the i-f transformer T5, and applied 
to the grid of the 7C7 first limiter (V5). 

(d) Limiters. The two following stages (V5 
and V6) utilize 7C7 and 7AG7 tubes respectively 
as current limiting amplifiers, and the circuits and 
actions of the two stages are identical. The tubes 
are operated at low plate and screen voltage and 
without bias except that derived from the grid leak 
and condenser combination R33, C20, and R35, C27. 
These stages act as Class C amplifiers, giving no 
increase in output current or voltage once the im¬ 
pressed grid voltage has exceeded a threshold value 
of about 2 volts rms. Voltages above this value 
cause increasing rectification in the grid circuit, 
automatically setting up a bias to limit the peak plate 
current. Due to the low plate and screen grid volt¬ 
ages saturation occurs at a low level of grid volt¬ 
age. The time constant of the grid leak and ca¬ 
pacitor is chosen to be long compared to the 456-kc 
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intermediate frequency, but short enough to follow 
rapidly-fluctuatinjf, hiR:h frequency noise peaks. 

By cascadinj? two such stag:es, the liinitinj^ effect 
of one tube is multiplied by the limiting effect of the 
other and essentially perfect limiting is obtained. 
Furthermore, by properly proportioning the circuit 
constants of the first limiter, the input to the second 
limiter grid is maintained at the optimum voltage 
for most effective action. 

The grid return circuits of all the r-f and i-f 
tubes contain high resistances. By this means, 
blocking of any of the stages on strong signals is 
eliminated due to the bias developed across these re¬ 
sistors as soon as the associated grid draws current. 
A further advantage of this method is that as the 
incoming signal’s strength is increased, the tubes 
ahead of the first limiter will also act as limiters as 
soon as their grids draw current. 

Sufficient gain is incorporated in the receiver so 
that the stnallest incoming signal which could be 
considered comparable with the noise generated in 
the grid circuit of the first tube causes saturation 
of the second limiter. The first limiter is in turn 
saturated by signals of 0.25 /iV or over. 

(c) Discriminator, The output of the second 
limiter, free of amplitude variations, is fed through 
discriminator transformer T7 to the 7A6 balanced 
detector (VI1). The primary and secondary of the 
discriminator transformer are coupled both induc¬ 


tively and capacitively. Two voltages of different 
phase are thus applied to each half of the 7A6. 
The discriminator is so adjusted that when a steady 
carrier (456 kc) is received the voltage applied to 
the two halves of the 7A6 cause equal and opposite 
current to flow through the load resistors R40 and 
R41. Thus the resultant voltage appearing across 
the two resistors is zero. 

If any frequency other than 456 kc appears at the 
discriminator the out-of-phase components of the 
7A6 will be unbalanced and a positive or negative 
resultant voltage will appear across R40 and R41. 
The sign and magnitude of this voltage will follow 
the frequency of the impressed i-f voltage rather 
than amplitude changes in it. In this manner an 
audio voltage (varying in amplitude) is derived 
from the frequency variations of the incoming sig¬ 
nals. The fact that the resultant d-c output voltage 
of the discriminator and detector should be zero 
when a carrier of the correct frequency is im¬ 
pressed, is useful to assist in tuning this trans¬ 
former. A jack is connected through filter resistors 
R20 and R21 to the output of the 7A6 so that a 
sensitive microammeter (0-100 ^ center-zero type 
preferred) may be plugged in and the necessary 
adjustments made for zero reading. 

(/) Squelch circuits and audio amplifier. The 
audio-frequency output of the discriminator is 
passed through a voltage divider network consisting 
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of resistors R20 and R21 where the output of the 
discriminator is reduced to prevent overloading of 
the 7F7 audio amplifier (V9). The audio fre¬ 
quency is then applied to grid G2 of V9. The first 
triode section of V9 is used to disable the second 
section when no carrier is received. The actuating 
voltages for the squelch circuit are obtained from 
two sources. One is rectified limiter grid current 
and is dependent on signal or noise level. The 
other is the high-frequency audio component at 
the output of the discriminator and is dependent 
only on signal-to-noise ratio. 

The negative voltage generated by the passage of 
the first limiter grid current through R34 is applied 
to the first triode grid of V9 (7F7) through isola¬ 
tion resistors R35 and R24. The latter resistor is 
connected across diode VIO (7A6) which acts as a 
noise trap to eliminate the rectified audio noise pres¬ 
ent in the limiter grid circuit. An appropriate time 
constant in the squelch circuit is effected by con¬ 
denser C37. I'he higher audio frequency compo¬ 
nents appearing at the discriminator output are se¬ 
lected by conden.ser ('28 and rectified in the other 
half of the 7A6 squelch control diode (VIO). A 
ground return is provided by resistors R25 and R28. 

Under standby or no signal conditions a small 
negative voltage is applied to the squelch control 
circuit due to set noise being rectified in the first 
limiter grid circuit. At the same time the fluctu¬ 
ation noise present in the receiver cau.ses a positive 
voltage to be generated and applied to the squelch 
control circuit as shown al)ove. These two voltages 
tend to balance each other under any noise condi¬ 
tions, since an increase or decrease in fluctuation 
noise will cause like changes in both bucking com¬ 
ponents. The first triode grid of V9 is then nor¬ 
mally slightly above ground potential. The corre¬ 
sponding cathode of V9 is also positive by virtue of 
the divider R23-R42, and R42 is adjusted to just 
render the sqifelch half conducting. 

The cathode of the audio portion of V9 is also 
held positive by voltage divider R14, R15, but at a 
considerably higher potential than the squelch cath¬ 
ode. With the .s(juclch portion conducting, a volt¬ 
age drop will occur through R17, placing the grid 
at a sufficiently negative voltage with respect to its 
cathode to cause plate current cut-off and blocking 
of the audio output. 

When a signal is received, more negative voltage 
h generated in the first limiter grid circuit and at 
the same time the noise quieting property of the 
F-M receiver causes less audio noise to be rectified 
and consequently a less positive voltage applied to 
the squelch control circuit. These changes are aid¬ 
ing in polarity and cause the potential on the grid 
of the squelch half of the V9 to go in the negative 
direction; thus the squelch half of the V9 will be¬ 
come non-conducting. 

With no potential drop through R17 the audio 
grid assumes the potential existing at the junction 


of R14, RIS and R16, and the audio portion of V9 
acts as a normal amplifier. The switch in the cath¬ 
ode circuit of the squelch triode is primarily in¬ 
tended to render the receiver operative during align¬ 
ment and servicing. 

Due to the design of the limiters, the squelch cir¬ 
cuits and the audio amplifiers, an excellent degree 
of noise discrimination is obtained in radio receiver 
type 12-UF ed. 6A. The squelch may be set so 
that a signal of less than one-tenth microvolt will 
completely open the receiver while noise peaks of 
very high intensity will not be received. 

The 7F7 audio amplifier is followed by a 7B5 
output pentode (V8) with the volume control in the 
grid circuit of the output tube. The audio output 
from the 7B5 is passed through output transformer 
T8 and audio filter TIO to pins 5 and 6 on plug 
P2. 110 is an '‘M derived” filter with a 3000-cycle 
cut-off, so as to attenuate the higher audio frequen¬ 
cies. A monitoring jack (J4) is bridged across 
the 500-ohm line at this point. 

18-3b. Tuning and Adjustment 

1. Radio Transmitter Type 50-UFS Ed. 7. A 
meter and meter switch are integral parts of the 
transmitter and serve to measure the grid current 
of the various stages. The position numbers on 
the meter switch correspond with the numbers on 
the tops of the r-f transformers. Thus r-f trans¬ 
former T2 is tuned for maximum current in the 
meter with the meter switch in position 2, etc. For 
initial tune up it can be assumed that all the circuits 
are in proper tune except the pa and ANTenna tun¬ 
ing adjustments. The transmitter may be energized 
for tuning or testing purposes from the switches on 
the unit, or from the local control handset. In 
either case the fii.amknt switch on the front of the 
50-UFS cabinet must first be turned on. To permit 
adjustments to be made with the doors open, an 
INTERLOCK SHORT switcli (S3()l) has been provided 
on control and termination chassis type 1907 C. 
Closing this switch short-circuits the protective door 
switches. Plate power may then be applied either 
by the plate switch on the front of the cabinet, or 
from the push-to-talk button on the local control 
handset, and tuning adjustments made. The protec¬ 
tive function of the door switches should be restored 
when adjustments are completed by throwing the 
interlock short switch off. 

In order to tune the output circuit of the trans¬ 
mitter, disconnect the antenna cable from the trans¬ 
mitter chassis, place the antenna tuning condenser 
at maximum capacitance, and adjust the pa tuning 
condenser for minimum cathode current as read on 
the meter on the front of the cabinet. This current 
should be approximately 100 ma. Connect the an¬ 
tenna and resonate the pa tuning adjustment for 
minimum current. The loaded pa cathode current 
should be approximately 175 ma. If it is less than 
this value, decrease the ANTenna tuning capacitance 
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in small increments, retuning the pa adjustment 
each time for minimum cathode current. Continue 
this process until the pa cathode current is 175 
ma on the minimum adjustment of the pa tun¬ 
ing. Lock nuts are provided to maintain these 
adjustments. 

(a) Adjustment of transmitter audio gain. The 
gain of the transmitter audio amplifier is controlled 
by potentiometer R30 and its proper adjustment 
requires the use of a receiver tuned, to the same 
frequency as that of the transmitter. If the radio 
receiver type 12-UF ed. 6A in the equipment cabinet 
is not on the same frequency, it is possible to use 
a mobile or other receiver which is tuned to receive 
signals from the transmitter being adjusted. 

Plug a test meter into the first limiter metering 
jack on the receiver. Place the transmitter in op¬ 
eration and note the first limiter grid current read¬ 
ing on the receiver test meter. This should be done 
with the transmitter audio gain control in the off 
(fully counterclockwise) position. While talking 
into the handset in a normal manner, slowly advance 
the setting of the audio gain control until modula¬ 
tion peaks cause the receiver first limiter grid cur¬ 
rent to swing downward not more than ten percent 
of the unmodulated reading. This is the correct 
setting. 

{h) Adjustment of receiver audio gain. When 
local operation is employed, the speaker volume 
control should be rotated to the maximum volume 
position (fully clockwise). The gain control 
(R4S) on the receiver chassis should then be ad¬ 
vanced clockwise until a speaker volume level is 
reached that is the maximum desired. The receiver 
gain control should then be left in that position and 
the speaker volume controlled entirely by the gain 
control on the side of the cabinet. The maximum 
attainable volume will then be limited by the setting 
of the receiver gain control. 

2. Radio Receiver Type 12-UF Ed, 6A. After 
the receiver has been completely tuned, the squelch 
control may be adjusted. The most sensitive posi¬ 
tion of this control is completely clockwise. With 
the adjustment in this position and the squelch 
switch ON, advance the volume control and observe 
the output of the receiver with no signal input. 
Turn the squelch adjustment in a counterclockwise 
direction until the output of the receiver is entirely 
silent. This adjustment will hold for most noise 
conditions, no matter how severe, as a result of 
the special circuits incorporated in the design of the 
12-UF ed. 6A. Note that in its most sensitive 
position, the squelch sensitivity is better than one- 
tenth microvolt and that even this very sensitive 
adjustment may prove sufficient in many cases to 
silence the receiver between signals. 

With the volume control advanced and the 
SQUELCH switch in the off position, a loud rushing 
noise should be heard in the loud-speaker even with 
the antenna disconnected. If the squelch switch 


is placed in the on position, all output from the 
loud-speaker should cease because of the action of 
the squelch circuit. 

The loud noise present in the loud-speaker with 
the SQUELCH switch off is entirely normal and 
characteristic of an F-M receiver of adequate sensi¬ 
tivity. Any amount of noise introduced into the 
receiver or picked up by the antenna will not alter 
or intensify the characteristic sound of this noise 
unless a carrier is being received. In the latter 
case, even a weak signal will greatly reduce or 
completely suppress the noise. 

18-3c. Operation 

(a) Normal procedure (local control). Radio 
transmitter-receiver type 50-UFS ed. 7 in the 
standby condition has the filament switch on the 
front of the cabinet on, and the plate switch off. 
To transmit, lift the handset from the hang-up hook, 
press the push-to-talk button on the handset and talk 
into the mouthpiece. Immediately after talking re¬ 
lease the push-to-talk button. The incoming signal 
will be audible in the handset receiver. At the end 
of the communication, replace the handset on the 
hang-up hook. 

(b) Emergency communication with control 
points. When radio transmitter-receiver type 50- 
UFS ed. 7 is used with a remote control unit, it is 
possible to converse with the remote location for 
test or servicing, or during emergencies. The 
equipment is not designed specifically to perform 
this function, but in an emergency may be operated 
in the following manner. 

After unlocking and opening the front door of the 
cabinet, plug a pair of headphones into the audio 
jack (J4) on the receiver chassis. Throw the 
INTERLOCK SHORT switch Oil cotitrol and termination 
chassis type 1907-C to the on position. Pick up 
the handset, depress the push-to-talk button and 
talk. The speech will be transmitted on the air, 
but it will also be carried over the two-wire line 
to the remote control unit where it will be heard 
in the loud-speaker. 

Speech originating in the normal manner at the 
remote control unit will be carried over the two-wire 
line to the transmitter where it will be heard in the 
headphones. This speech will not go on the air 
however, since control of the transmitter from the 
remote control unit is prevented when the handset 
at the transmitter is removed from the hang-up 
hook. 

To return the equipment to normal operation, 
throw the interlock short switch to the off posi¬ 
tion to restore the protective function of the cabinet 
door switches, unplug the headphones, close and lock 
the front cabinet door and replace the handset on 
the handset hang-up. 

(c) Operating technique. Good operating tech¬ 
nique is characterized by speaking distinctly in a 
normal voice and by keeping each transmission 
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brief. If there are several instructions to be given, 
it is better to state them one at a time and have each 
acknowledged. Avoid long one-sided discussions. 
Before calling be sure the air is clear. 

ia-3d. Maintenance and Service 

1. Radio Transmitter Type 50-UFS Ed. 7. 

(a) Maintenance, Radio transmitter type SO¬ 
UPS ed. 7 is accurately adjusted at the factory for 
the specified operating frequency but the brief tun¬ 
ing procedure given in Section 18~3b should be fol¬ 
lowed on installation. For routine maintenance 
checks however, a more thorough check-up of trans¬ 
mitter performance is desirable to locate tubes that 
might be getting weak and should be replaced. As 
has been previously explained, a large factor of 
safety exists in the output of each stage of the 
transmitter so that no drop in power output will 
result from one or more tubes depreciating to a con¬ 
siderable extent. A routine check will, moreover, 
indicate these weak tubes before any loss in per¬ 
formance is noticed. 

A meter and meter switch are located on the front 
of the transmitter chassis. They afford a complete 
check-up on the condition of the unit. The num¬ 
bering of the meter switch and r-f transformers is 
so co-ordinated that the meter switch is placed in 
position 2 to tune transformer T2, etc. The meter 
reads the grid currents of the second doubler, quad- 
rupler, third doubler, and pa respectively. The 
meter scale is 0-1 ma, and in position 5 of the 
metering switch it is shunted by a multiplier to 
read 10 ma. The p-a plate current is read on the 
meter on the front of the cabinet. It is used to 
adjust the p-a plate and antenna loading circuits 
as described in Section 18-3b. 

All tuning adjustments except for the output cir¬ 
cuit are made for maximum grid current in each 
successive stage, and the following tabic indicates 
typical readings. The values given are average at 
a line voltage of llS volts. Higher or lower volt¬ 
ages will, of course, slightly alter readings. 

Switch Trans¬ 
position former 

2 T2 

3 T3 

4 T4 

5 T5 

* With a meter 
to 0.45. 

A substantial decrease below any of these values 
will indicate a weak tube, probably in the stage 
whose plate circuit is being tuned, and that tube 
should be replaced. 

(5) Service and test. Maintenance of radio 
transmitter type SO-UFS ed. 7 will consist primarily 
of routine tube replacement when necessary. All 
components are operated under conditions which 
insure long life, and failures have proven rare in 
field service. Since every stage is metered, nearly 


all possible conditions will be reflected in the meter 
readings and servicing is reduced to simple deduc¬ 
tion. Section (a) above has covered the routine 
tuning of the transmitter. By comparison with the 
table of currents given therein, or by comparison 
with values known from experience to be normal, 
trouble may be quickly isolated in a particular tube 
or stage. 

(c) Changing frequency. In tuning radio trans¬ 
mitter type 50-UFS ed. 7, each transformer is tuned 
for maximum current in the like numbered meter 
switch position. In some cases, however, there may 
be more than one maximum current point in the 
tuning range of the capacitor, since the necessary 
range will permit the quadrupler to tune to other 
than the fourth harmonic. The transmitter tuning 
adjustments when made to the original frequency 
at the factory are marked with red lines so that no 
mistake can normally be made in making routine 
adjustments. When changing to a new frequency 
however, care should be taken to insure the proper 
selectioii of harmonics. 

Transformer T4 will very often show two tuning 
points corresponding to the fourth and either the 
third or fifth harmonics. These may readily be 
separated by observing the position of the tuning 
condenser. All condensers have stops limiting their 
rotation to 180®. Maximum capacitance is fully 
clockwise. Since the tuning range corresponds to 
30-44 me, reference to the desired operating fre¬ 
quency will fix approximately the correct position 
of the condenser. 

2. Radio Receiver Type 12-UF Ed. 6A. 

{a) Maintenance. The receivers are carefully 
tuned at the factory to the specified operating fre¬ 
quency but should be retuned upon installation as 
indicated in Section 18-3b. Routine maintenance 
checks should include realignment of these same cir¬ 
cuits. The correct settings of the transformers 
have been marked with red lines and these markings 
should be used as a guide when making any adjust¬ 
ments. It should be noted that for these adjust¬ 
ments the signal source must be accurately adjusted 
to the proper frequency. Signal generator calibra¬ 
tion charts are not accurate enough for this purpose. 
The input signal should either be obtained by direct 
pickup from a crystal-controlled transmitter or from 
a signal generator which has been adjusted to zero 
beat against a crystal controlled transmitter on the 
correct frequency. 

The frequency of the signal generator may be 
adjusted to that of a crystal controlled transmitter 
by use of the discriminator balance, as follows: 

Plug a test meter into jack J3 on the front of the 
receiver chassis. 

Apply a strong signal from a transmitter on the 
correct frequency. 

Note the reading on the meter and, if it is not 
zero, readjust the secondary tuning (bal.) con¬ 
denser on the top of the transformer T7 with a non- 


Circuit C urrent 

7C7 2nd doubler grid 0.4 ma 

7C7 Quadrupler grid 0.3 ma 

7C.S 3rd doubler grid 0..S ma 

807 PA grids *4-4.5 ma 

having a 0-1 ma scale this value is 0.4 
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metallic screwdriver to obtain a zero reading on the 
meter. 

Remove the source of signal from the receiver. 
The discriminator is now in exact adjustment, and 
may be used as a frequency indicator. 

Apply a strong signal from the signal generator 
to the receiver antenna connector (PI) and note 
the reading on the “balance” meter. As the fre¬ 
quency of the signal generator is adjusted slightly 
above and below the proper operating frequency, 
the “balance” meter should swing sharply to oppo¬ 
site sides of the zero position. When the signal 
generator is adjusted in this manner for zero meter 
reading, its output is on the correct frequency. 

The primary of the discriminator transformer 
(T7) is set at the factory and need never be re¬ 
adjusted. It will be found that this circuit is so 
band-spread and over-coupled, that there is no pos¬ 
sible change in the tuning of the primary that can¬ 
not be compensated for by readjusting the sec¬ 
ondary. When any of the tubes associated with the 
foregoing circuits are changed, those circuits should 
be retuned. The variations encountered in tubes 
may cause a marked detuning at very high 
frequencies. 

If a signal generator whose output is calibrated 
in microvolts (or one whose output can be attenu¬ 
ated to a low level) is available, the sensitivity of 
the receiver can be checked. When the receivers 
are shipped from the factory their sensitivity is such 
that a signal of one microvolt or less, when applied 
to antenna connector PI, will cau.se a meter reading 
at jack J1 of at least 40 microamperes. If a signal 
generator whose output can be attenuated but which 
is not directly calibriiled is available, it can be 
checked against a new receiver. The attenuator 
setting for some particular tuning meter reading 
can be noted and other receivers checked for sensi¬ 
tivity against this criterion. 

(b) Sennee and test. The following section is 
offered to assist the service engineer in quickly 
localizing and remedying failures that may arise 
during the operation of the receiver. 

In setting up the receiver for operation on a fre¬ 
quency in 30 to 44 me band other than that for 
which it was tuned at the factory, or if a complete 
realignment of the receiver is desired, a crystal of 
the right frequency for the new operating frequency 
is inserted into the crystal socket beside the 7AG7 
oscillator tube (V7). The o.scillator frequency is 
the difference between the signal and the 5000-kc 
intermediate freciuency. The crystal is ground to 
one-quarter the oscillator frc(iuency for signal fre¬ 
quencies below 37.5 me, and to one-fifth the oscil¬ 
lator frequency for signal frequencies above 37.5 
me. The red lines on the transformer cans should 
be used as a guide to the approximate setting. 

After the oscillator has been set roughly, r-f 
transformer T2 may be adjusted. While feeding a 
strong signal on the new signal frequency into the 


antenna, plug a tuning meter into jack J1 (marked 
LI) and tune T2 for maximum current. This 
transformer is marked with red lines in the same 
manner as the oscillator and the approximate set¬ 
ting can be arrived at in the same manner. The 
antenna transformer may next be adjusted for 
maximum current in the tuning meter. Once the 
approximate setting of the tuning controls is deter¬ 
mined in this manner, the signal input is decreased 
until only a slight indication is obtained on the tun¬ 
ing meter and the adjustments on Tl, T2, T3, T4, 
T5 and T9 set carefully for maximum current in 
the tuning meter. 

The last i-f transformer (Tfi) is past the first 
limiter grid circuit and the tuning meter will give 
no indication of proper tuning in jack Jl. To tune 
T6, plug the tuning meter into jack J2 (marked 
L2) and tune for maximum current. The discrimi¬ 
nator transformer is next adjusted by i)lugging a 
center-zero microammeter into jack J3 (marked 
balance) and adjusting the secondary of T7 for 
zero reading on the meter while receiving a strong 
signal. After the discriminator transformer has 
been balanced, the signal should be removed from 
the receiver and the balance meter reading noted. 

If this reading is not zero the indication is that 
the bandpa.ss characteri.stics are not accurately cen- 



Fig. 18-7. Color codes for mica condensers and resistors. 
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tercel on the earner freciuency A careful check on 
the tunirijj adiustments iisinj^ a weak siffiial should 
correct the difficulty The receiver is now in tune 
except for the antenna tuninjj which must be ad¬ 
justed upon installation. 

(() Recctxrr failures. With the squelch switch 
in the otF position, the receiver normally emits a 
loud hiss when no carrier is being received and the 
tiacing of this hiss through the receiver presents a 
simple method of localizing failures that might oc¬ 
cur. If the r-f, mixer and high-frequency i-f tubes 
are removed from their sockets, most of the loud 
hiss should disappear. The remaining hiss is due to 
the noise generated in the grid circuit of the con¬ 
verter. When the 7AG7 i-f amplifier (V3) is 
plugged in, the hiss should rise nearly to maximum 
level. When mixer V2 is added, the hiss will in¬ 
crease slightly, apparently indicating that most of 
the noise comes from the high-frequency i-f stage, 
"i'his is actually not true, since the noise generated 
m the grid circuit of the mixer merely overrides 
and masks the noise previously heard. When the 
r-f stage is added, a similar effect takes place but 
no increase in hiss level is normally heard since the 
second limiter is already saturated with noise. It 
IS suggested that the service engineer familiarize 
himself with the sound of a normal receiver by re¬ 
moving the mixer, then the first i-f amplifier, and 


then the converter. Thereafter if a failure should 
occur in the receiver, he will be able to localize it 
by the absence of the hiss. 

The operation of the entire receiver up to the grid 
circuit of the first limiter may be checked by noting 
the tuning meter readings with a signal applied to 
the input. Since the tuning meter at J1 measures 
the grid current of the first limiter, increase of the 
tuning meter reading with increase in signal input 
indicates that the receiver is operative up to that 
point. The gain of the receiver to the first limiter 
may be measured if a calibrated source of signal 
is available. It should require not more than one 
microvolt input to the antenna to cause a 40 micro¬ 
ampere deflection in the tuning meter. 

Vacuum tubes may vary considerably in efficiency 
at very high frequencies, therefore a check on the 
gam of the receiver should be made whenever one 
of them is changed. Tubes testers offer no sure 
method of testing tubes for operation at high fre¬ 
quencies and a much more rapid and satisfactory 
method of determining tube deterioration is by sub¬ 
stituting a tube known to be good in place of the 
suspected tube and noting the difference in receiver 
operation. 

Weakening of the squelch tube generally mani¬ 
fests itself in failure of the squelch circuit to close 
and therefore a need to change the setting of the 
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squelch control in counterclockwise direction. 
Here, too, the best criterion for judging the effi¬ 
ciency of the tube is to substitute a tube known to 
be good in place of the one suspected. 

Other failures that may arise would be of the 
well known resistor or capacitor failure type that 
should be easily localized by the service engineer 
since they manifest the same symptoms in an F-M 
receiver as in an amplitude modulated one. 

18-4. Link Remote Control Units Type 1890 
and 1938^ —Remote control units type 1890 and 
1938 are designed to furnish complete remote con¬ 
trol of any Link radio main station equipment. Re¬ 
mote control unit type 1890 is used in the 30-44 
me range and type 1938 in the 72-76 or 1S2-162 
me ranges. Both the 1890 and 1938 units may be 
supplied in either of two types, i.e., A and B. The 
1890-A or 1938-A provide complete control of a 
fixed station from a remote point. The 1890-B or 
1938-B provide selection of either of two remote 
receivers as well as complete control of a remote 
fixed station equipment. All units are capable of 
providing control of all of the functions of trans¬ 
mission and reception over a single pair of tele¬ 
phone or similar type wires at distances up to ap¬ 
proximately ten miles. A'metallic two-wire circuit 
capable of carrying d-c voltages up to 100 volts at 
10 ma is required when they are so connected. 

4 Link Radio Corporation, New York, N. Y. 
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Fig. 18-9. Control line circuits for use with Link 1890 or 
19.18 remote control unit. 


Alternate circuits including four-wire and simplex 
may also be used. These arc shown in Figure 18-9. 

In addition to the control equipment proper, a 
device for indicating the presence of the carrier 
actually radiated by the transmitter is included. 
The effective range of this circuit varies with the 
power of the transmitter with which it is used, but 
in general will operate at two to four miles with a 
50-watt transmitter and five to ten miles with a 250- 
watt set, depending to a great extent upon the type 
of pickup antenna employed. Power for either unit 
is derived from the standard 115-volt, 60-cycle 
power line. 

Remote control units type 1890 and 1938 are 
housed in a sloping front cabinet designed for desk 
mounting. A handset and hang-up box assembly, 
with six feet of cable attached, is included. Both 
models of the 1890 and 1938 series control units 
(i.e. A and B) are mechanically identical and differ 
only in slight electrical changes. The physical and 
electrical characteristics of the units are as follows: 

Line impedance: 500-600 ohms. 

Line output level: Normal, -1- 8 VU, maximum* 
-f 14 VU. 

Receiver amplifier output: 2 watts into built-in 
speaker. 

Carrier indicator frequency range: 

1890: Tunable to any frequency in 30-44 me 
range. 

1938: Tunable to any frecjuency in cither the 
72-76 me or 152-162 me ranges by the 
addition of the proper crystal. 

Carrier indicator sensitivity: Approx. 500 
microvolts for both 1890 and 1938. 

Remote control units type 1890 and 1938 can be 
considered electrically as made up of four separate 
parts, each of which performs a specific function. 
The first is the microphone amplifier, which pos- 
.ses.ses sufficient gain to amplify the output of the 
telephone handset or desk microphone to the re¬ 
quired level for application to the control line. 
The microphone amplifier includes an automatic 
volume control circuit which limits the telephone 
line level and transmitter modulation to a predeter¬ 
mined value regardless of the sound intensity enter¬ 
ing the microphone. The second is a similar cir¬ 
cuit which amplifies the signal coming over the line 
from tlie receiver to a level which may be adjusted 
to give satisfactory volume in the speaker and hand¬ 
set receiver. The third, the carrier indicator, re¬ 
ceives the signal radiated by the transmitter, ampli¬ 
fies it, and, by means of a vacuum-tube voltmeter 
circuit incorporated in the unit, actuates a meter 
on the front panel to give a visual indication of the 
presence and relative strength of a carrier. The 
fourth is the tone oscillator, which supplies a tone 
to the transmitter for attention, selective calling, or 
selective squelch signals. Correlation of the func¬ 
tions of these various subdivisions is accomplished 
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by the control relay, which is operated by means of 
the push-to-talk button in the handset. 

18-^a. Circuit Description 

1. Receiver Amplifier, In the receiving condi¬ 
tion, the telephone line is coupled to the loud-speaker 
in the control unit through a 7CS tube (V8) which 
amplifies the normal line level (— 12 to 4-8 VU) 
to a value sufficient to deliver full volume from the 
loud-speaker. The signal coming over the line 
from the receiver is connected to transformer T1 
and through IT to the grid of V8. The output of 
V8 is connected to the loud-speaker through trans¬ 
former T5 and the contacts in the hang-up box. 
Figure 18-10. If the handset is lifted from the 
hook, the unit is transferred to the stand-by condi¬ 
tion and the output of the receiver amplifier is re¬ 
moved from the loud-speaker and connected to the 
handset receiver. 

2. Microphone and Tone Amplifiers, Two tubes 
are employed in the microphone amplifier to am¬ 
plify the normal low level of the microphone to the 
required level. The handset microphone receives 
its current from the plate power supply at the junc¬ 
tion of R48 and R49 on the voltage divider com¬ 
posed of R46, R47, R48, and R49. The resultant 
audio voltage developed across R49 is coupled 
through Cl to the grid of VI. If the control unit 
is supplied with a crystal microphone, the lead from 
CT to the junction of R48-R49 is removed. 

The output of VI is fed to the grid of V2 by 
means of a conventional resistance-coupling circuit. 
V2 acts as an output amplifier for both voice input 
from VI, and tone input from V7. The gain of 
the voice amplifier is controlled by the microphone 
control potentiometer Rl, located in the grid circuit 
of the 7B7. The output of this tube is fed to the 
line through transformer Tl, 

A portion of the output voltage of V2 is capaci- 
tively coupled to V3. The positive potential on the 
cathode of V3 is determined by the setting of avc 
LEVEL control Rll. Whenever the voice peaks ap¬ 
pearing at the cathode exceed this potential, rectifica¬ 
tion occurs and the volume level at which this action 
begins can be adjusted by Rll. This rectified volt¬ 
age, applied as bias to the grid of VI, reduces the 
gain of VI so that its output remains below a pre¬ 
determined value. Reactor LI is inserted in the 
rectifier circuit to smooth out the audio frequencies 
and cause an average bias voltage to be applied to 
the grid of VI. The grid circuit of VI contains 
a timing circuit composed of R2 and C2 which is 
designed to hold the grid of VI biased for a brief 
period so that the gain of the amplifier will not 
fluctuate between speech syllables. 

Besides the voice input to V2, there is also tone 
input from the self-contained tone oscillator V7. 
The level of this voltage is adjusted by the tone 
control R37. In the standby condition, V2 is dis¬ 
abled by opening its cathode circuit. It operates 


only when the self-biasing circuit (R39-C31) is 
tranferred from the cathode of the receiver ampli¬ 
fier (V8) to the cathode of the audio amplifier 
(V2) when the relay coil is energized. In addi¬ 
tion to accomplishing this tranfer, the relay lights 
the red pilot lamp on the front panel and applies 
a d-c voltage to the telephone line for controlling 
the transmitter. This voltage is derived from the 
plate voltage source at the junction of R47-R48 
on the voltage divider. 

3. Tone Oscillator. The tone oscillator consists 
of a 7C7 tube in a phase shift circuit. Oscillation 
is produced by causing a 180 degree phase shift to 
occur in the resistor-condenser network between the 
plate and the grid of V7. I’he frequency at which 
this phase shift occurs is determined by the resistor 
and condenser values in the network. 

If it is neceessary to check the frequency of the 
tone oscillator, connect an oscilloscope across the 
audio line terminals (5 and 6 on terminal strip) and 
use an accurately calibrated audio oscillator to es¬ 
tablish the correct frequency. 

The volume of the tone output is regulated by 
the TONE control potentiometer R37, in the grid 
circuit of audio amplifier V2. 

When the tone switch (SI) is depressed, the 
cathode circuit of the tone oscillator is completed 
and relay K1 is energized; resulting in the produc¬ 
tion and transmission of an audio tone. The same 
function may be accomplished by depressing the 
handset push-switch while the handset remains on 
its hook. 

4. Carrier Indicator 

(a) Remote control unit type 1890. In remote 
control unit type 1890 the carrier indicator consi.sts 
of a two-stage r-f amplifier, a vacuum tube volt¬ 
meter and a 5-ma d-c meter mounted on the front 
panel. The signal is coupled to the grid of the first 
r-f amplifier V4 through the antenna matching 
transformer L3-L4. The output of V4 is capaci- 
tively coupled to the grid of the second amplifier 
V5 which in turn amplifies the signal and feeds it 
to the grid of the first half of the VTVM tube V6 
which acts as a diode rectifier. The resultant d-c 
voltage developed across R22 is applied to the grid 
of the second half of the 7F7 through the limiting 
resistor R23. This portion of the tube is triode- 
connected and is normally biased almost to cutoff, 
the bias being adjusted by potentiometer R26. 
Since an incoming signal causes a voltage of posi¬ 
tive polarity to be impressed on the grid, and since 
the meter is in the plate circuit of the tube, the 
meter reading will be approximately proportional to 
signal strength. 

(h) Remote control unit type 1938. In remote 
control unit type 1938 the cairier indicator consists 
of an oscillator-frequency multiplier stage, a mixer 
stage, a stage of i-f amplification, a vacuum tube volt¬ 
meter, and a 0.5 ma d-c meter mounted on the front 
panel. The signal is mixed in V4 with the output 
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of the oscillator V9. For operation in the 152-162 
me band, a 5-mc i.f. is produced in the mixer by the 
heterodyning of the carrier and the eighteenth har¬ 
monic of the crystal. (This harmonic is obtained 
by tuning the plate circuit of V9 to the sixth har¬ 
monic of the crystal and the third harmonic of the 
plate circuit is used for mixing.) For operation in 
the 72-76 me band, the oscillator-frequency multi¬ 
plier output is the tenth harmonic of the crystal 
and this fre(iuency is heterodyned with the carrier 
in V4 which also produces a S-mc i.f. The i-f fre¬ 
quency undergoes a stage of amplification in V5, 
another 7AG7, and is then fed to the grid of the 
first half of the VTVM tube V6 which acts as a 
diode rectifier. The resultant d-c voltage developed 
across R22 is applied to the grid of the second half 
of the 7F7 through limiting resistor R23. This half 
of the tube is triode-connected and normally biased 
almost to cutoff, the bias being adjusted by potenti¬ 
ometer R26. Since an incoming signal causes a 
voltage of positive polarity to be impressed on the 
grid, and since this meter is in the plate circuit of 
the tube, the meter reading will be approximately 
proportional to signal strength, 

5. Pozver Supply, A self-contained vacuum-tube 
rectifier-type power unit provides the necessary d-c 
potential to operate the amplifier and control cir¬ 
cuits. A type 5Y3GT tube is used in a full-wave 
rectifier circuit and its output is filtered by means 
of a single-section condenser input filter. A line 
fuse is provided to prevent damage to the compo¬ 
nents and is located on the rear edge of the chassis. 

6. 1890-B and 1938-B. The circuit of the B 
type unit is identical to that described in the above 
paragraphs except for the modifications required 
for the selections of either of two remote receivers. 
This is accomplished as follows: 

When the handset is lifted from its switch hook, 
a pair of contacts qn the switch hook connect the 
tap on the power supply bleeder between R46 and 
R47 to the control line through a 33,000-ohm re¬ 
sistor (R50) causing a current of 3 ma to flow in 


the line and thus operate the squelch control relay 
in the receiver located at the station equipment. 
When the handset push-button is pressed, the con¬ 
trol relay K1 short-circuits this resistor (R50) and 
applies the full voltage of the tap to the line. 

When the proper termination of 10,000 ohms is 
connected at the station equipment end of the con¬ 
trol line, voltages of 30 for the first case and 90 
for the second are normal. Automatic opening of 
the squelch and/or muting of one of the receivers 
in the station equipment (where two-frequency sig¬ 
nal monitoring is used) whenever the handset is 
lifted from its switch hook is thus provided. 

Changing from the A to B types is easily accom¬ 
plished in the field by removing the bottom plate, 
changing one connection, and adding resistor R50 
as shown in Figure 18-10. 

18-4b. Maintenance and Service —Maintenance 
of remote control units 1890 and 1938 consists 
mainly of tube replacement and relay cleaning when 
required. Tubes need not be replaced periodically 
but rather as indicated by a reduction in perform¬ 
ance of the particular part of the circuit in ques¬ 
tion. Since tubes age gradually, an indication of 
the approaching end of their useful life will be 
given by the necessity for increased gain control 
settings (in the case of the 7B7 and 7C5 audio 
amplifiers) coupled with increasing distortion and 
lower maximum output. Tubes displaying these 
symptoms to a marked degree should be replaced. 

A gradual reduction in supply voltage due to 
weakening of the rectifier tube will also cause simi¬ 
lar effects. The condition of this tube may be 
checked by replacing it and observing the results 
aurally or by measuring the control voltages ticross 
the control line by means of a d-c voltmeter. 

The tubes in the carrier indicator may be checked 
against the carrier meter reading in the following 
manner. With no signal impressed, rotate the car¬ 
rier control for maximum deflection. If the maxi¬ 
mum scale reading is below the midway mark on the 
carrier meter V6 should be replaced. If the normal 
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carrier-on reading gradually becomes lower as the 
length of time the unit is in service increases, one 
or both the r-f amplifier tubes in the 1890 unit or 
one of the 7AG7's in the carrier indicator section 
of the 1938 unit will require replacement if it is 
not possible to retain the mid-scale reading by re¬ 
tuning the amplifier circuits. This assumes that the 
transmitter output remains at its normal level. 
Noisy operation of the control unit will also result 
from dirty relay contacts. This effect will be more 
prevalent in units operating under conditions of 
high humidity or in corrosive atmospheres. Con¬ 
tact cleaning will remedy this effect, but preventive 
measures, such as installation in a dry location will 
be found more satisfactory. In case of failure of 
the control unit to operate, the tubes should first be 
checked. If the tubes are found to be satisfactory 
the relay contacts should be cleaned and lightly bur¬ 
nished. If the unit still fails to operate, invert; re¬ 
move the screws holding the bottom plate in place, 
and check the circuit for short-circuited capacitors, 
open resistors or transformers and general circuit 
continuity as shown on the circuit diagram. 

18-5. Increasing the Coverage of Police Radio 
Networks —To insure the maximum possible 
coverage, with due regard to the economics of the 
system, it frequently becomes necessary to resort to 
automatically operated relay stations located at stra¬ 
tegic points. Occasionally the use of a directive 
antenna system as the radiator at the repeater sta¬ 
tion will solve a difficult coverage problem. 

From a topographical standpoint, the problem 
encountered by the California Highway Patrol is of 
particular interest since California has great ex¬ 
tremes in elevation; Mt. Whitney towering 14,996 
feet above sea level and Death Valley 300 feet 
below sea level; the highest and lowest points in the 
Continental United States. Moreover California is 
traversed for almost its entire length by two major 
ranges of mountains, the Coastal range and the 
Cascade-Sierra Nevada range. The Coastal range 
follows quite closely the coast line and the other 
ranges located at distances varying from 100 to 300 
miles inland. A major highway extends the entire 
length of the state from the Mexican border to 
the Oregon line lying between the coast range and 
the ocean. Also, between the Coastal range and 
the Cascade-Sierra Nevada range there is still an¬ 
other major highway and both of thc.se highways 
are approximately 900 miles in length. These two 
major highways carry a large portion of the state’s 
north-south traffic, and it was necessary to give 
thorough consideration to an adequate two-way 
coverage of these routes. 

Many portions of the state, particularly the north¬ 
ern section, are almost continuous expanses of 
mountainous country with relatively small sections 
of valley territory which, in turn, are surrounded 
by high mountains ranging in elevation up to 8000 
or 9000 feet There are 117,760 miles of roads and 


highways iA the 158,693 square miles embracing the 
state. 

California is divided into 58 counties, and many 
of these county lines extend completely through one 
of the major ranges of the mountains. In every 
instance it was necessary to plan on providing for 
two-way coverage from, as nearly as possible, all 
points in a given county to a central county office 
or dispatching point. The manner in which this 
communication problem was met successfully has 
been explained by R. A. Kridler, Supervisor of 
tlie Southern part of the State of California, in 
Electronic Industries,^ 

In order to increase the coverage, fifteen auto¬ 
matic radio relay stations have been installed in vari¬ 
ous parts of the state. These stations operate on a 
freouency of 118.55 me and are located at elevations 
ranging from 2600 feet to 6150 feet. An excellent 
degree of coverage is reported; moreover, experience 
has shown that distances quite beyond the line of 
sight are obtainable witli the 118.55 me channel. 
The 118.55 me transmitters, operating with a rated 
output of ten watts from the output terminals, are 
controlled by an associated receiver tuned to a fre¬ 
quency of 39.78 which is used by the highway patrol 
throughout the state. The 118.55-mc transmitter 
antenna is a half-wave vertical coaxial type radi¬ 
ator. 'J'he receiving antenna is of the same type 
with the proper dimensions for the 3‘>.78-mc chan¬ 
nel. The need for service and maintenance of 
tliese unattended relay stations has been, on the 
average, once a month. 

18-6. Use of 60° Corner Reflector —^An oper¬ 
ating problem was encountered when rtqieater sta¬ 
tions were installed at Mt. Diablo and Blue Canyon 
to provide better reception in Sacramento from 
F-M mobile units operating on the 39.78-mc channel 
in remote areas. 

The method by which this problem was solved 
has been described by Mr. E. Stewart Naschke, 
Supervising Operator of the California Highway 
Patrol, and quoted here with his permission as well 
as the permission of Electronics, in which his origi¬ 
nal paper appeared.® 

“Repeater stations transmitting on 118,550 kc have 
recently been installed at Mt. Diablo and Blue Canyon, 
California, to provide better reception in Sacramento 
of mobile police units operating on 39,780 kc in remote 
areas. 

“Sacramento and the two repeater transmitter sites 
are nearly in a straight line with respect to each other, 
lacking only about 15 degrees of being so situated. Tlic 
city lies approximately 65 miles southwest of Blue Can¬ 
yon and 52 miles northeast of Mt. Diablo. 

“Both repeater station sites overlook the Sacramento 
Valley and this created a problem. It was found that 
transmissions from FM mobile units working in certain 
areas near the two automatic stations sometimes turned 

5 “Radio Relay Links in Police Work,” R. A. Kridler, 
California Highway Patrol, Los Angeles, Electronic In¬ 
dustries, June 1944. 

® “Police Satellite System,” E. Stewart Naschke, Elec¬ 
tronics, May, 1944. 
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Fig. 18-12. One of the two unidirectional 118-mc arrays used at Sacramento for 
receiving signals relayed by the Mt. Diablo and Blue Canyon repeater stations. Use 
of a coaxial antenna permits the entire assembly to be built around a single support- 
point, facilitating orientation. 


on both repeater transmitters. However, satisfactory 
limiter action would not always be realized in both 
control receivers and the transmission from the repeater 
station so affected would be more noise than intelli¬ 
gible signal. 

“Since the carrier strength of the 10-watt Mt. Diablo 
and Blue Canyon F-M transmitters is substantially the 
same, the ultimate signal realized at the loudspeaker 
connected to the Sacramento receiver was in many cases 
unintelligible. This fact caused no end of difficulty to 
the operators on duty at the monitoring point 

“This problem led to a search for unidirectional re¬ 
ceiving antennas for use at Sacramento, one to receive 
Mt. Diablo and block out Blue Canyon, and the other 
to receive Blue Canyon and discriminate against Mt. 
Diablo. 

Antenna Array Design. Circumstances made it de¬ 
sirable that each antenna system match the input of 
available F-M receivers; that it require little space for 
mounting and be unaffected by weather. Before the 
final design resulted, experiments were conducted with 
three-element reflector-director arrays and simple 
parabolic reflectors with little or no success. 

“First experiments with a square-corner reflector also 
left much to be desired. The chief difficulty experienced 
with experimental models was the lack of sufficiently 
high front-to-back ratio. While field strength ratios of 
two-to-one in the case of frequency-modulated signals 
are usually sufficient to cause the elimination of the 
weaker signal, reflections from nearby steel objects and 
buildings prevented realization of the desired results. 

“Later, attention was drawn to data on square-corner 
reflectors by Kraus and Terman. Accordingly, a sixty- 
degree corner reflector antenna was designed, utilizing 
this data. 

“First trials with this antenna were disappointing. 
The same difficulty as before was experienced—too low 
front-to-back ratio. However, the addition of auxiliary 
reflector and director elements placed a quarter wave 


behind and a quarter wave in front of the coaxial ele¬ 
ment gave surprising results. It was possible to elimi¬ 
nate one of the repeater transmitter signals while re¬ 
ceiving the other. 

“Later tests proved that the auxiliary reflector cle¬ 
ment was unnecessary and so it was eliminated in the 
final design. F'igurc 18-12 shows how it was ]K)ssil)le 
to build such an antenna system using a single su])i)ort, 
and Figure 18-13 shows the dimensions of the various 
elements of the system. 

**Tcst Results. Table I and Figure 18-14 illustrate 
the effect of rotating either antenna system with respect 
to the transmitter which it normally receives, together 



Fig. 18-13. Details of the receiving array pictured in 
Figure 18-12. The frame is constructed of maple and 
birch. 
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Fig. 18-14. Field-strength pattern of the 60-degree cor¬ 
ner reflector array and, for comparison, the pattern of the 
coaxial antenna alone. 

with the effect of removing the auxiliary director 
element. 

“The meter readings given were taken in the grid cir¬ 
cuit of the first 455-kc i-f amplifier of a Motorola 
FSR-16B receiver with a high-frequency converter unit 
added to the front end. 

“Initial antenna gain estimates, based on receiver 
sensitivity curves furnished by the manufacturer, indi¬ 
cated an antenna gain of 15 times, or 23 db. The indi¬ 
cated front-to-back ratio was 52.5 to 1, or approximately 
34 db. More precise measurements of the gain of the 
antenna array and front-to-hack ratio have since been 
made, utilizing a Ferris microvolter as a standard sig¬ 
nal generator. The.se measurements show a 20 db gain 
over the dipole antenna. The measured front-to-back 
ratio is 30 db. 

“It will be noticed from Figure 18-14 that the angle 
of maximum signal strength is broad, whereas the angle 
of minimum signal strength is relatively sharp. In 
adjusting the two receiving arrays at Sacramento best 
results were obtained by orienting them for minimum 
signal from the undesired station. 

“Installation of the two directional receiving arrays 
has proven well worth while. It not only has reduced 
the number of unintelligible messages caused by inter¬ 
fering signals hut has also improved the signal-to-noise 
ratio and the tone quality on signals received through 
the repeater stations. This latter fact is attributed to 
increased saturation of the limiters in the 118-mc F-M 
receivers. 

^'System Operation. The audio-frequency output 
from each of the two 118-mc receivers used at Sacra¬ 
mento is brought into the control room on separate lines 
and fed into two separate speakers through a control 
network. A 39,780-kc F-M receiver used to pick up 
transmissions direct from local cars is also fed into the 
monitoring position. 


Table I. Relative Signal Strengths for Various 
Positions of Antenna Array with Respect 
TO Distant Transmitter 


ANTtCNNA rosniov 

MKIKR READINGS (seC text) 

With Aux. 
Director 
(Ma) 

Without Aux. 
Director 
(mh) 

Maximum .signal. 

9.5 

9 

Minimum signal. 

2.0 

6 

Midway between minimum and 
maximum signal positions.... 

6 

b 


“It has been found tliat by placing the three speakers 
along the top of the operating desk and .separating them 
from 12 to 18 inches, the operator is able to tell by 
audible means which speaker is producing the best sig¬ 
nal. This being determined, the operator presses the 
lever switch at his left corresponding to the speaker 
producing the best signal. This silences the remaining 
.sjieakcrs 

“A fourth lever-type switch labeled ‘Mute,* when de¬ 
pressed, attenuates the output of all siieakcrs approxi¬ 
mately 25 db. This permits the operator to answer the 
telephone or speak over the interoffice communicating 
system. 

“Indicator lamps above the switches provide an addi¬ 
tional check. When the switches are in normal moni¬ 
toring position, all channels open, the green lamps are 
lit. Kcd lamps show which switches arc off normal 
settings.** 

1&-7. Link Mobile Radio Equipment Type 25- 
or 5CI-FMTR-7C ^ —Frequency-modulated mo¬ 
bile radio equipment type 50-FMTR-7C (or 25- 
FM1'R-7C) is a complete assembly designed for 
mobile two-way communication on the 152-162 me 
very-high-frequency band. It consists of radio 
transmitter type 2240 (or 1906 ed. 2), radio re¬ 
ceiver type 1905, and all accessories for accomplish¬ 
ing an operating two-way communication system in 
a mobile unit. The equipment is designed normally 
to derive all of its primary energy from the 6-volt, 
3-ceIl lead storage battery available in such units. 
Also available are 12- and 24-volt models. 

Frequency modulated mobile equipments tvpc 25- 
FMTR-7C and 50-FMTR-7C differ only 'in that 
the former uses radio transmitter type 1906 ed. 2 
and the latter uses radio transmitter type 2240. 
These two transmitters are identical in all respects 
except for the size and rating of the dynamotor and 
the power output rating of the transmitter. Radio 
transmitter type 1906 ed. 2 uses a 400 volt dynamo- 
tor and has a nominal output rating of 25 watts. 
Radio transmitter type 2240 uses a much larger 
(500 volt) dynamotor and has a nominal output 
rating of 50 watts. Inasmuch as the equipments 
are identical in all other respects, the following 
material will be written in terms of the higher 
powered unit and any differences to be found in the 
lower powered unit will be carried in parenthesis. 

T Link Radio Corporation, New York, N. Y. 
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Radio transmitter type 2240 (or 1906 ed. 2) is 
a 50-watt (or 25-watt) (nominal output) frequency- 
modulated unit, designed especially for mobile use. 
Its more salient characteristics are: 

Power output: 50 watts (or 25 watts). 

Frequency range: 152-162 me. 

Type of emission: Frequency modulated. 

Frequency deviation: ± 20 kc. 

System audio response: 500-3000 cycles, ± 1 db. 
350^5000 cycles, ± 2.5 db. 

Weight: 21 pounds (or 17% pounds). 

O^fer-all sise: 8 inches high, 10 inches deep, 12% 
inches long. 

Tube types: 1-7F7, 1-7AG7, 1-7W7, 2-2E26, 
1-829-B. 

Power supply: Self-contained dynamotor. 

Power input 

Standby: 6.0 v at 5 amp. 

Transmitting: 6.0 v at 43 amp. (or 32 amp). 

Mounting: Quick-release base assembly. 

Output impedance: Any—usually fed into concen¬ 
tric line. 

Control: Remote by self-contained relay.s—provi¬ 
sions for co-ordinated receiver control. 

Radio transmitter type 2240 (or 1906 ed. 2) uti¬ 
lizes the phase-shift method of obtaining the de¬ 
sired frequency deviation. This method permits 
direct crystal control of the carrier frequency and 
a simple circuit design with no critical tuning ad¬ 
justments. A carrier power considerably in excess 
of the rated output is available under normal oper¬ 
ating conditions in mobile service. The transmitter 
is entirely self-contained and utilizes a dynamotor 
to convert the six-volt input to high voltage for the 
plate supply for the tubes. Six tubes arc included 
on the chassis, three of which are of the low-drain 
receiving type. 

All tuning adjustments are straightforward, and 
small errors in making them will not affect the out¬ 
put frequency, quality, or modulation level in any 
way. 

Radio receiver type 1905 is a 13-tube, crystal- 
controlled, single-frequency frequency-modulation 
superheterodyne receiver designed particularly for 
the reception of frequency-modulated signals of the 
type generated by transmitters type 1906, and 2240. 
Some pertinent characteristics are: 

Frequency range: 152-162 me. 

Type of signal: Frequency modulated. 

Frequency deviation: ± 20 kc. 

System audio response: 500-3000 cycles, ±1 db. 
350-5000 cycles, ± 2.5 db. 

Tube complement: (2) 6AK5 (6) 7AG7 (2) 7A6 
(1) 7C7 (1) 7F7 (1) 7B5. 

Power supply: Self-contained vibrator. 

Power input: 6.0 v at approximately 6 amp. 

Output impedance: 4 ohms. 

Mounting: Quick-release base assembly. 

Control: Remote—co-ordinated with transmitter 
control. 


Weight: 23% pounds. 

Size: 8 inches high, 10 inches deep, 12% inches 
long. 

Undistorted power output: 1 watt. 

A quartz crystal is employed to insure stable re¬ 
ceiving conditions under all variations of tempera¬ 
ture and humidity as well as the severe vibration 
encountered in mobile service. The double i-f sys¬ 
tem makes possible excellent band-pass characteris¬ 
tics with a very favorable image ratio. 

Three tuning meter connections are provided. 
The first is for measuring the grid current of the 
first limiter, indicating resonance in all the preced¬ 
ing stages. The second is for measuring grid cur¬ 
rent in the second limiter and the third is to permit 
adjustment of the balance of the discriminator cir¬ 
cuit. The power supply is of the synchronous vi¬ 
brator type, providing a most efficient and economi¬ 
cal method of obtaining all B voltages for the 
receiver. 

18-7a. Circuit Description 

1. Radio Transmitter Type 2240 (or 1906 ed. 2). 
Radio transmitter type 2240 (or 1906 cd. 2) is a 
frequency-modulated unit utilizing the phase-shift 
method of obtaining frc(jucncy deviations, and as 
such exhibits considerably different characteristics 
than the usual amplitude-modulated units. Intelli¬ 
gence is conveyed in frequency variations of the 
constant-amplitude carrier wave. The use of the 
phase-shift method of frequency modulation allows 
direct crystal control of the mean carrier frequency, 
a necessity in unattended and mobile equipment. It 
necessitates, however, considerable frequency multi¬ 
plication after the modulator to generate sufficient 
frequency deviation. A number of small, low drain 
tubes are used for this function, and a total fre¬ 
quency multiplication of 48 times is effected. 

In working with F-M transmitters, certain handi¬ 
caps are encountered that make unusable many of 
the “rules-of-thumb” that have been helpful in 
servicing amplitude-modulated equipment. Oscillo¬ 
scopes are of little value in checking, since no 
change of pattern is discernible during modulation. 
In fact, modulation is accompanied by no readily 
measurable change of any kind in the r-f output of 
the transmitter. 

(a) Oscillator-modulator. The twin triode 7F7 
(V-1) acts as both crystal oscillator and phase 
modulator. The first half of the tube operates in a 
resistance-coupled aperiodic oscillator circuit. The 
crystal, which is connected between grid and plate, 
operates on the 48th sub-harmonic of the output 
frequency. Since the output frequency range is 
152-162 me, the crystal frequency will lie between 
3166.67 and 3375.0 kc. 

The second half of the 7F7 acts as a phase modu¬ 
lator. The r-f output of the crystal oscillator is 
impressed on the phase-modulator grid by means of 
the blocking condenser C4. The cathode circuit is 
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provided with a large amount of degeneration by 
unbypabsed resistor R3. Because of this degenera¬ 
tive feedback, the transconductance of the triode is 
abnormally low—so low that the plate current is 
affected about as much by the direct grid-plate 
capacitance as by the transconductancc. The two 
effects result in plate current vectors almost 180° 
apart, and the total plate current is the resultant 
of the two components. In phase it will be about 
90° removed from the phase of the voltage im¬ 
pressed on the grid. 

When audio is impressed on the grid thereby 
periodically changing the bias, and in consequence 
the transconductance, the plate current undergoes a 
periodic change in both amplitude and phase. The 
amplitude modulation is unimportant, and is re¬ 
moved in the frequency multipliers, but the phase 
modulation remains and is the essential element of 
the transmitted signal. 

The phase modulation is modified by the use of a 
frequency correcting circuit consisting of resistors 
R4 and R5 and the condenser CS. These elements 
are connected between the grid and the microphone 
transformer, which is driven directly by the external 
microphone. The frequency-correcting circuit is 
introduced because the frequency-deviation brought 
about by phase modulation is linearly proportional 
to frequency, and pure phase modulation would be¬ 
come troublesome at high audio frequencies. The 
correcting circuit causes the deviation vs. frequency 
curve to begin to flatten out above 3000 cycles. 

(b) Frequency multipliers. The frequency devi¬ 


ation which may be produced in a phase modulator 
such as described above is relatively small, usually 
not more than a value equal to the modulating fre¬ 
quency (otherwise severe distortion is encountered). 
To get sufficient deviation (±20 kc), the frequency 
of the modulated wave must be multiplied consider¬ 
ably. In the 2240 (or 1906 ed. 2) transmitter, it is 
multiplied by 48. Multiplication is accomplished 
by a 7AG7 quadrupler (V2), a 7W7 doubler (V3), 
a 2E26 tripler (V4), a 2E26 doubler (V5), and the 
power amplifier, an 829--B (V6). The grid drive 
in each case is well above saturation, so that slight 
changes in tuning or reduction in tube emission can 
have little effect on succeeding stages. 

(c) Driver and power amplifier. The 2E26 
doubler, mentioned in the paragraph above, is used 
to drive the push-pull power amplifier 829-B (V6). 
The plate circuit of the 2E26 is inductively coupled 
to the grid coil of the power amplifier, and tuning 
is effected by condenser C22 in the 2E26 plate cir¬ 
cuit. The antenna circuit is inductively coupled to 
the plate tank, which is tuned by condenser C26. 
Antenna loading is varied by means of the antenna 
loading condenser C29. 

Provision has been made in all stages to read grid 
current by means of test meter unit type 2015A. In 
addition, the cathode current of the power amplifier 
may be read on the meter to facilitate tuning the 
PA and antenna circuits. 

(d) Control and power circuits. All plate power 
for radio transmitter type 2240 (or 1906 ed. 2) is 
supplied by the 6-volt dynamotor, MGl. C28 
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serves as a high-voltafife filter condenser for the 
dynamotor. The transmitter has sufficient relay 
circuits for complete remote control and in addition 
is designed to provide all necessary relay and con¬ 
trol functions for radio receiver type 1905. The 
normal operating sequence is as follows: 

(1) Relay K4 is energized by applying “hot” 6 
volts to contact F on the control plug Jl. This is 
accomplished in the remote control head by turning 
on the volume control switch. 

(2) Relay K4 energizes the transmitter filaments, 
the receiver filaments through contact C on the re¬ 
ceiver plug J3 and the receiver power supply 
through the back contacts on relay K3 and contact 
A on the receiver plug. The receiver is now in full 
operation and the transmitter filaments are warm. 
Antenna connection is made to the receiver through 
the back contact of relay K2. 

(3) In order to transmit relay K3 is energized 
through contact B on the control plug and the 
microphone push-to-talk button. The transmitter 
may also be turned on by means of the toggle switch 
located on the front of the chassis. This switch is 
used when tuning or making other adjustments. 

(4) Relay K3 breaks the receiver power supply 
primary voltage, thus muting the receiver. It also 
applies primary energy to the dynamotor MGl 
which supplies the entire transmitter with high 
voltage; and at the same time it energizes relay K2. 
A third function is performed by this relay since 
it also keys the dynamotor high voltage return cir¬ 
cuits. This high voltage break is necessary to key 
the transmitter rapidly and allow rapid transfer 
from transmit to receive. The additional hack con¬ 
tact on this relay provides lock-in for the alarm 
relay in selector unit type 1779, when used, for 
automatic resetting of the selective calling equip¬ 
ment. Additional information on selective calling 
equipment may be procured, if desired, from the 
Engineering Dept, of Link Radio Corporation. 

(5) Relay K2 transfers the antenna from re¬ 
ceiver to transmitter. 

2. Radio Receiver Type 1905. Radio receiver 
type 1905 is designed to receive signals wherein the 
intelligence is conveyed in variations of carrier fre¬ 
quency about a mean frequency instead of in vari¬ 
ations of the amplitude of the carrier about a mean 
level as in amplitude modulation. There are only 
three fundamental differences between frequency- 
and amplitude-modulation receivers. 

The first difference is in the band-pass character¬ 
istics. Since the carrier frequency varies over a 
band of plus and minus 20 kc from the mean carrier 
frequency, the receiver has to accept a band at least 
40 kc wide. Thus the intermediate-frequency trans¬ 
formers are designed to pass a relatively wide band 
of frequencies compared to an A-M receiver. 

The second difference is that, since only variations 
in frequency are to be converted into intelligence, 
amplitude variations of the signal must be removed. 


This function is accomplished by the limiters. 
They are, in effect, saturated amplifiers so that in¬ 
creasing the input to them above a certain level 
will cause no increase in their output. Thus they 
“limit” the magnitude of the signal applied to the 
di.scriminator to a constant level. The excellent 
signal-to-noise ratio of the 1905 receiver is largely 
due to the use of two cascaded limiters. On signals 
too weak to effectively saturate the first limiter, the 
second limiter is already saturated and ironing out 
whatever amplitude noise variations the first limiter 
has permitted to pass. 

The third difference is in the method of detection; 
i.e., the conversion of frequency variations into 
audio frequencies. This function is accomplished 
by the discriminator transformer T106 and the 7A6 
detector. 

(a) R-f amplification and mixing. The antenna 
input of radio receiver type 1905 is designed to feed 
from a 50-ohm concentric line. A type 6AK5 
(Viol) serves as a high gain r-f amplifier with 
both grid and plate circuits tuned for maximum 
efficiency. The output of the r-f amplifier is con¬ 
verted to the first i-f frequency of 47.4 to 50.6 me 
in the following 6AK5 first mixer (V102) by beat¬ 
ing against the output of the 7AG7 doubler (VI13). 
The grid circuit of the doubler is inductively cou¬ 
pled to the plate circuit of the oscillator-multiplier 
(VI12), which is tuned to the sixth harmonic of 
the crystal used. The frequency of the oscillator is 
52.4 to 55.6 me, and the doubler, 104.8 to 111.2 me. 
The output of the doubler is inductively coupled 
into the first mixer, while the output of the oscillator 
is capacitively coupled into the 7AG7 second mixer 
(V104). One stage of amplifiation is provided at 
the first i-f frequency, using a 7AG7 (V103) as 
amplifier. Its output is applied to the second 
mixer, where a 5000-kc intermediate frequency is 
obtained by beating against the output of the 
oscillator-multiplier. 

A stage of amplification at 5000 kc is employed, 
using a 7AG7 tube (V105). This is followed by 
the first and second limiters, (V106 and V107) 
employing a 7AG7 and 7C7 respectively. 

{b) Limiters. The circuit and actions of the two 
limiter stages are identical. Both tubes are oper¬ 
ated at low plate and screen voltage and without 
bias except that derived from the grid leak and 
condenser combinations R117-C124 and R121-C130. 
These stages act as class C amplifiers, giving no 
increase in output current or voltage once the im¬ 
pressed grid voltage has exceeded a threshold value 
of 2 volts rms. Voltages above this value cause 
increasing rectification in the grid circuit, auto¬ 
matically setting up a bias to limit the peak plate 
current. Due to the low plate and screen voltages 
saturation occurs at a low level of grid voltage. 
The time constant of the grid leak and condenser 
is chosen to be long compared to i-f frequency 
(5000 kc.) but short enough to follow rapidly flue- 
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tuatins:, hig'h-frequency noise i)eaks. By cascading? 
two such stages, the limiting effect of one tube is 
multiplied by the limiting effect of the other and 
essentially perfect limiting is obtained. Further¬ 
more, by properly proportioning the circuit con¬ 
stants of the first limiter, the input to the second 
limiter grid is maintained at the optimum voltage 
for most effective action. 

The grid return circuits of all the r-f and i-f 
tubes contain high resistances. By this means, 
blocking of any of the stages on strong signals is 
is eliminated due to the bias developed across these 
resistors as soon as the associated grid draws cur¬ 
rent. A further advantage of this method is that 
as the incoming signal strength is increased, the 
tubes ahead of the first limiter will also act as 
limiters as soon as their grids draw current. 

Sufficient gain is incorporated in the receiver so 
that the smallest incoming signal which could be 
considered comparable with the noise generated in 
the grid circuits of the first tube causes saturation 
of the second limiter. The first limiter is in turn 
saturated by signals of 1 microvolt, or over. 

(c) Discrimifiator. The output of the second 
limiter, free of amplitude variations, is fed through 
the discriminator transformer T106 to the 7A6 bal¬ 
anced detector (V108). The primary and sec¬ 
ondary of the discriminator transformer are coupled 
both inductively and capacitively. Two voltages of 
different phase are thus applied to each half of the 


7A6. The discriminator is so adjusted that when 
a steady carrier of 5000 kc is received, the voltage 
applied to the two halves of the 7A6 cause equal 
and opposite currents to flow through the load re¬ 
sistors R125 and R126. Thus the resultant voltage 
appearing across the two resistors is zero. 

If any frequency other than 5000 kc appears at 
the discriminator, the out-of-phase components ap¬ 
plied to the 7A6 balanced detector will be unbal¬ 
anced and a positive or negative resultant voltage 
will appear across R125 and R126. The sign and 
magnitude of this voltage will be determined by the 
frequency of the impressed i-f voltage (different 
than S(X)0 kc) rather than by its amplitude vari¬ 
ations. In this manner an audio voltage (varying 
in amplitude) is derived from the frequency vari¬ 
ations of the incoming signal. Since the resultant 
d-c output voltage of the discriminator and detector 
should be zero when a carrier of the correct fre¬ 
quency is impressed, the secondary of T106 is tuned 
for zero output with the correct carrier frequency 
applied. A lead is connected through filter resistors 
R128 and R129 to the output of the 7A6 so that the 
current may be metered. 

(d) Squelch circuits and audio amplifier. The 
audio-frequency output of the discriminator is 
passed through a voltage-divider network consisting 
of R128 and R129, where the output of the dis¬ 
criminator is reduced to prevent overloading of the 
audio amplifier VIIO 2 . The audio frequency Is then 
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applied to the second grid (G2) of the 7F7. The 
first triode section of the 7F7 is used to disable 
(squelch) the second triode section when no car¬ 
rier is received. The actuating voltages for the 
squelch circuit are obtained from two sources. One 
is rectified first limiter grid current and is dependent 
on signal or noise level. The other is the high- 
frequency audio component at the output of the dis¬ 
criminator and is dependent only on signal-to-noise 
ratio. 

The negative voltage generated by the first limiter 
grid current is applied to the 7F7 first triode grid 
through the isolation resistors R119 and R133. The 
latter resistor is connected across one diode of V109 
(7A6) which acts as a noise trap to eliminate the 
rectified audio present in the limiter grid circuit. 
An appropriate time constant in the squelch circuit 
is effected by capacitors C138B and Cl 59. 

The higher audio-frequency components appear¬ 
ing at the discriminator output are selected by Cl39 
and rectified in the other half of VI09. A ground 
return is provided by resistors R131 and R132. 
Under standby or no-signal conditions, a small nega¬ 
tive voltage is applied to the squelch control circuit 
due to set noise being rectified in the first limiter 
grid circuit. At the same time the fluctuation noise 
present in the receiver causes a positive voltage to 
be generated and applied to the squelch control cir¬ 
cuit as shown above. These two voltages tend to 
balance each other under any noise condition, since 
an increase or decrease in fluctuation noise will 
cause like changes in both bucking components. 
The 7F7 squelch grid (Gl) is, then, normally 
slightly above ground potential. The corresponding 
cathode of the 7F7 is also positive by virtue of the 
divider R137 and R141, and R141 is adjusted to 
just render the squelch half of the 7F7 conducting. 

The cathode of the audio portion of the 7F7 is 
also held positive by a voltage divider R136-R139, 
but at a considerably higher potential than the 
squelch cathode. With the squelch portion conduct¬ 
ing, a voltage drop will occur through R135, placing 
the audio grid at a sufficiently negative voltage with 
respect to its cathode to cause plate current cut-off 
and blocking of the audio output. 

When a signal is received, more negative voltage 
is generated in the first limiter grid circuit, and at 
the same time the noise quieting property of the 
F-M receiver causes less audio noise to be rectified 
and consequently a less positive voltage applied to 
the squelch control circuit. These changes are aid¬ 
ing in polarity and cause the potential on the grid 
of the squelch half of the 7F7 to go in the negative 
direction and the squelch half of the 7F7 to become 
non-conducting. With no potential drop through 
R135 the audio grid assumes the potential existing 
at the junction of R136, R13S and R139 and the 
audio section of the tube acts as a normal amplifier. 
The switch in the cathode circuit of the squelch 


triode is primarily intended to render the receiver 
operative during alignment and servicing. 

The 7F7 audio amplifier is followed by a 7B5 
output pentode with the volume control (R201) in 
the grid circuit of the output tube and located on 
the remote control head. 

Due to the design of the limiters, the squelch cir¬ 
cuits and the audio amplifiers, an excellent degree 
of noise discrimination is obtained in radio receiver 
type 1905. The squelch may be set so that a signal 
of less than one-tenth microvolt will completely open 
the receiver while noise peaks of very high intensity 
will not be received. 

Resistor R127 and condenser C140 comprise a 
frequency-correcting network to correct for the 
high frequency pre-emphasis brought about by phase 
modulation. Since the deviation is proportional to 
frequency with phase modulation, the attenuation 
of the R127-C14() network is made roughly propor¬ 
tional to frequency. 'I'he sum of the frequency 
curves of the transmitter modulator and the receiver 
audio circuit gives the system audio response listed 
in Section 18-7. 

(c) Power supply. The vibrator power supply is 
designed to give economical and trouble-free service. 
Tt utilizes a synchronous-tyjic vibrator for maximum 
efficiency and longest life. Its overall efficiency is 
high, due to the efficient design of power trans¬ 
former and power components. 

The primary input to the power supply goes 
through the anti-noise filter El01 to prevent noise 
voltages from the vibrator from getting back into 
the primary leads. The primary voltage is applied 
to the center tap of the primary winding of the 
power transformer T108. The outer ends of the 
primary winding are alternately grounded by the 
vibrator contacts, causing current to flow through 
the primary first in one direction and then in the 
other. The alternating currents thus generated set 
up magnetic fields in the core which in turn induce 
voltages in the high-voltage secondary winding. 
Buffer resistors R144 and R145 on the primary, 
and buffer condenser-resistor C148-R143 on the 
secondary tend to tune the transformer windings 
and reduce arcing at the vibrator contacts. The 
alternating voltage at the transformer secondary is 
mechanically rectified by a second set of contacts on 
the vibrator, thus eliminating the need for a sepa¬ 
rate rectifier tube. 

Since the vibrator alternately grounds the oppo¬ 
site ends of the secondary winding in synchroniza¬ 
tion with the a-c voltage generated therein, the d-c 
output voltage appears at the secondary center tap. 
Both ripple and “hash” voltages are present as a-c 
components of the output voltage. C147 and L104 
act as hash filters, while L103, C145A and C145B 
reduce the ripple voltage to a very low value. 

18-7b. Inst^lation —The location of the units 
in the vehicle has considerable bearing on the subse¬ 
quent performance, and especially on the accessi- 
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Fin. 18-“17. Typical installation of Link type FMTR-7C 152~162-nic radio equipment. 


bility and serviceability of the equipment. It should 
therefore be carefully planned. A typical installa¬ 
tion is shown in Fij^ure 18-17. The tran.sniitter 
and the receiver are mounted side by side on the 
dual base, with the transmitter on the left and the 
receiver on the rijjht, since the connecting: cables are 
desijjncd with those relative positions in mind. It 
may be possible to arrange the transmitter and re¬ 
ceiver along the side of the rear compartment, keep¬ 
ing them so that they can be readily removed from 
their base when desired, and so that all tuning ad¬ 
justments may be conveniently reached when in 
place. It is wise in locating the units to try the 
plug-in cables before installing them permanently to 
make sure that the chassis are properly located for 
ready insertion and removal of all plugs. 

The control head may be mounted wherever de¬ 
sired, in a location convenient to the operator of 
the equipment. It was designed for mounting under 
the edge of the car or truck instrument panel near 
the center of the vehicle so that either the driver 
or.the person sitting with him could reach it con¬ 
veniently. A location should be chosen that will 
permit clear access to the rear of the control head 
for attaching the necessary cables. 

The primary power may be taken, directly from 
the battery or from some point such as the engine 


starter, which has a heavy direct connection to the 
battery already in place. The latter method often 
makes battery maintenance more convenient by leav¬ 
ing only one heavy lug on each post of the storage 
battery. 

18-7c. Tuning and Operation 

1. Radio Receiver Type 1^05. To turn on the 
receiver, advance the volume control on the control 
head in a clockwise direction. The first few de¬ 
grees of rotation will cause the filament relay in 
the transmitter to be energized and in turn to ener¬ 
gize both the transmitter and receiver filaments. 
The green receiver pilot lamp on the remote control 
head will light at the same time. (This light has 
been purposely made quite dim by means of a drop¬ 
ping resistor Wause experience has shown a bright 
pilot to be annoying during continued night 
driving.) 

With the volume control advanced and either 
squelch switch in the off position, a loud rushing 
noise should be heard in the loudspeaker, even with 
the antenna disconnected. If the squelch switches 
on both the control unit and the receiver chassis are 
placed in the on position, all output from the re¬ 
ceiver loudspeaker should cease because of the ac¬ 
tion of the squelch circuit. 


780 


RADIO MANUAL 


The loud noise present in the loudspeaker with 
either squelch switch off is entirely normal and 
characteristic of an F~M receiver of adequate sensi¬ 
tivity. Any amount of noise introduced into the 
receiver or picked up by the antenna will not alter 
or intensify the characteristic sound of this noise 
unless a carrier is being received. In the latter 
case, even a weak signal will greatly reduce or com¬ 
pletely suppress the noivSe. 


(ONC WAV TAANSMITTfM) 




CMASSIS CONNCCVOAS ON 

rMTM-TC TAANSMITTCM 


Fig. 18~18. Cable connections, oneway installation of 
Link radio transmitter type 2240 (or 1906 ed. 2). 


When shipped from the factory, the receiver is 
equipped with the proper tubes and crystal and is 
tuned approximately to the specified ojierating fre¬ 
quency. In addition, the approximate positions of 
the tuning adjustments are marked with red lines to 
facilitate tuning. For initial tuning, with the an¬ 
tenna connected to the receiver, plug a test meter 
unit type 201SA into the test socket on the front 
of the receiver, place the meter switch in the 1st 
L iM. (500 /ta) position and adjust the following for 
maximum current on the meter while receiving a 
weak signal on the desired frequency: Condensers 
ClOl, C104, C106, C107 and transformers TlOl, 
T102, T103, T104, and T109. Tuning must be 


made on a weak signal so that, on resonance, a de¬ 
flection of no more than 200 microamperes is ob¬ 
tained on the meter. Next, switch the meter to the 
2nd LIM. (500 fjija) position, and adjust the tuning 
controls on T105 for maximum current in the meter. 
To adjust T106, the secondary is tuned while receiv¬ 
ing a signal known to be accurately on frequency. 
Place the meter switch in the balance (100 /^a) 
position and adjust the tuning capacitor marked bal. 
for zero reading on the meter. A completely insu¬ 
lated screwdriver is needed for this adjustment, and 
the adjustment must be made so that the meter reads 
zero when the screwdriver is removed. To do this, 
it will probably be necessary to set the meter a little 
above or below zero just before the screwdriver is 
removed. The primary of T106 should then be 
adjusted for maximum no signal output (rush) as 
measured by an a-c voltmeter connected between 
pin F on J103 and ground on the receiver chassis. 
As a final adjustment the balance of the secondary 
of T106 should be rechecked while receiving a 
signal on frequency. 

With no signal being received, the discriminator 
balance .should stay within 4 fiix of center-zero read¬ 
ing. If it does not, tlie receiver r-f bandpass is not 
accurately centered and the tuning procedure should 
be carefully repeated on a weak signal. 

(a) Ignition noise. Before further adjustments 
are made, the vehicle should be examined for igni¬ 
tion and other electrical noises such as charging 
generator brush noise. Mobile radio equipment 
type FMTR~7C shows a remarkable discrimination 
against motor-noise and other man-made interfer¬ 
ences. In most cases it will be found that no 
special effort need be made in the vehicle to suppress 
ignition noise. If it is desired to receive very 
weak signals, insert the distributor suppressor sup¬ 
plied as close as possible to the distributor. It is 
assumed that voltage-regulated generators are sup¬ 
plied for maintaining the battery in condition in 
view of the added battery drain imposed by the 
radio set. The high charging currents necessary 
make these units potential sources of interference. 
In obstinate cases the only cure may be an r-f choke 
in the main charging lead directly at the generator. 
An appropriate choke may be made by close winding 
10 to 15 turns of No. 8 or larger enameled wire on 
a form 1 inch to IVi inches in diameter. Such a 
choke has a d-c drop of less than 0.1 volt and will 
not affect a voltage-regulated generator in any way. 

After the receiver has been completely tuned and 
installed in its operating position with ignition and 
generator noise reduced if necessary, the squelch 
control may be adjusted. The most sensitive posi¬ 
tion of this control is completely clockwise. With 
the adjustment in this position, and the squelch 
switch ON, advance the volume control and observe 
the output of the receiver with no signal input. In¬ 
crease the position of the squelch adjustment in a 
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counterclockwise direction until the output of the 
receiver is entirely silent. This adjustment should 
be made with the enjj^ine stopped and any normal 
battery load such as lights, etc., on. It will then 
hold for most noise conditions, no matter how se¬ 
vere, as a result of the special circuits incorporated 
in the design of the receiver. Note that in its most 
sensitive position, the squelch sensitivity is between 
0.1 and 0.2 microvolts and that this adjustment will 
prove sufficient in most cases even where the nor¬ 
mal noise level is high. 

2. Radio Transmitter Type 2240 (or 1906 Ed. 2). 
When shipped from the factory the transmitter is 
etjuipped with the proper tubes and crystal and is 
tuned correctly to the specified operating frequency. 
In addition, the approximate positions of the tuning 
adjustments are marked with red lines to facilitate 
tuning. For initial tune-up it can be assumed that 
all the circuits are in proper tunc except the pa tun¬ 
ing and ANTENNA LOADJNG adjustments. The 
transmitter may be energized by holding down the 
push-to-talk button on the handset at the control 
head, or by closing the test switch on the transmitter 
chassis. 

In order to tune the output circuit of the trans¬ 
mitter, disconnect the antenna cable from the trans¬ 
mitter chassis, place the antenna loading con¬ 
denser C2^) at minimum capacitance (fully counter¬ 
clockwise), and adjust the J‘A tuning condenser C26 
for mininium cathode current. This current should 
be approximately 120 ma (or 100 ma). Connect 
the antetina and re-resonatc the pa tuning adjust¬ 
ment for minimum current. Now increase the an¬ 
tenna tuning capacitance by turning the control in 
a clockwise direction until the pa cathode current 
is 185 ma (or 150 ma). These adjustments should 
be made with the engine running and the car battery 
under charge. 

Do not retime the pa tuning condenser after the 
loading procedure. 

18-^. “Ten Signals” —For several years prior 
to 1940, the State Police Radio Stations of Iowa, 
Illinois, Missouri, and Minnesota began to use a 
number of code signals in their radio transmissions 
in an effort to speed communication and to cut down 
the time stations were actually on the air. The 
Police departments in Wisconsin were quite active 
in attempting to arrange a uniformity of signals, 
due to the fact that there was intercommunication 
between stations and between states. 

On March 25, 1940, after a preliminary report on 
January 3rd, the State Systems Standards Com¬ 
mittee of the Association of Police Communication 
Officers adopted the “Ten Signals” as revised and 
with meanings carefully selected and proven over 
the past years use. 

A group of those signals that are most generally 
in use today are reprinted here. 


“10” Skjnals 

10-1 Receiving Poorly (cannot understand). 

10-2 Receiving Well. 

10-3 Stop Transmitting. 

10-4 Acknowledgment. 

10-5 Relay to. 

10-6 Busy (Stand-By). 

10-7 Out of Service Until.. or for. 

Minutes. 

10-8 In Service. 

10-9 Repeat. Conditions Bad. 
lC^-10 Out of Service—Subject to Call. 

10-11 Dispatching Too Rapidly. 

10-12 Officials or Visitors Present. 

10-13 Advise Weather and Road Conditions. 

10-14 Convoy or Escort. 

10-15 We Have Prisoner in Custody. 

10-16 Pick Up Prisoner at. 

10-17 Pick Up Papers at. 

10-18 Complete Present Assignment as Quickly as 
Possible. 

10-19 Return to Your Station. 

10-20 What Is Your Location? 

10-21 Call This Station by Telephone. 

10-22 Take No I'urther Action Last Information. 

10-23 Stand By Until No Interference to. 

10-25 Do You Have Contact with. 

10-28 Check Full Registration Information (Lie., 
Motor, Name, Stolen). 

10-30 Does Not Conform to Rules and Regulations. 
10-33 Emergency Traffic at This Station. 

10-34 Clear for Local Dispatch. 

10-35 Confidential Information. 

10-36 Correct Time. 

10-68 Repeat Dispatch. 

10-70 Net Message. 

10-82 Reserve Room with Bath at Hotel for Officer 


Nr. 

10-83 Have Officer Nr.call This Station 

by Telephone. 

10-84 Advise Telephone Nr.Your City 

That Officer Nr.Will Not Re¬ 

turn This Date. 


10-88 What Fone Number Shall We Call to Make 

Station to Station ('all to. 

10-94 Test. No Talking—Transmitter Only for. 

10-95 Test. Talking for. 

10- 99 EMERGENCY— All Stations and Units Copy. 

Radio Signals 

1 Contact Hqrs. by telephone. 

1- I Contact Hqrs. by telephone immediately. 

2 Contact Hqrs. by Teletype. 

2- 1 Contact Hqrs. by Teletype immediately. 

3 Report to Hqrs. in person. 

3- 1 Report to Hqrs. in person immediately. 

4 Meet complainant and get full report. 

5 Investigate vehicle at. 

6 Investigate Occupants of vehicle. 

6- 1 Investigate occupants driving drunk. 

7 Investigate suspicious person. 

7- 1 Investigate person. Caution-armed. 

8 Registration information. 

9 Auto accident: Property damage only. 

9-1 Auto accident: Personal injury. 

9-F Auto accident: Fatal. 

11 Hit and Run: Property damage only. 

11- I Hit and Run: Personal injury. 

11-F Hit and Run: Fatal. 
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12 Jail break or escape. 

13 TROOPER OR OFFICER NEEDS HELP — GO. 

13~I Trouble at Station. Units in vicinity go to 

Station at once. Use caution. 

14 Felony: Investigate. 

14-W Felony: Warrant on file. 

14-X Felony: Warrant and will extradite 

15 Unlawful assembly. 


IS-F Fight. 

IS-R Riot. 

Test 199 Yellow Air Raid Test Warning. 

Test 299 Blue Air Raid Test Warning. 

Test 399 Red Air Raid Test Warning. 

Test 499 White Air Raid Test Warning. 

Eliminate word Test and the Signals are for actual Air 
Raid. 




CHAPTER 19 


IMPORTANT EXTRACTS FROM THE COMMUNICA¬ 
TIONS ACT OF 1934, AS AMENDED BY PUBLIC 
97, APPROVED MAY 20, 1937 


1. License for Radio Communication or Trans¬ 
mission of Energy— Section 301. It is the pur- 
pose of this Act, among other things, to maintain 
the control of the United States over all the channels 
of interstate and foreign radio transmission; and 
to provide for the use of such channels, but not the 
ownership thereof, by persons for limited periods of 
time, under licenses granted by Federal authority, 
and no such license shall be construed to create any 
right, beyond the terms, conditions, and periods of 
the license. No person shall use or operate any 
apparatus for the transmission of energy or com¬ 
munications or signals by radio (a) from one place 
in any Territory or possession of the United Slates 
or in the District of Columbia to another place in 
the same Territory, possession, or District; or (6) 
from any State, Territory, or possession of the 
United States, or from the District of Columbia to 
any other State, Territory, or possession of the 
United States; or (c) from any place in any State, 
Territory, or possession of the United States, or 
in the District of Columbia, to any place in any 
foreign country or to any vessel; or (d) within any 
State when the effects of such use extend beyond the 
liorders of said State, or when interference is caused 
by such use or operation with the transmission of 
such energy, communications, or signals from 
within said State to any place beyond its borders, 
or from any place beyond its borders to any place 
within said State, or with the transmission or recep¬ 
tion of such energy, communications, or signals 
from and/or to places beyond the borders of said 
State; or (c) upon any vessel or aircraft of the 
United States; or (/) upon any other mobile sta¬ 
tions within the jurisdiction of the United States, 
except under and in accordance with this Act and 
with a license in that behalf granted under the pro¬ 
visions of this Act. 

2. Sec. 5 —Paragraph (m) of section 303 of the 
Communications Act of 1934 is hereby amended to 
read as follows: 

(m) (1) Have authority to suspend the license 
of any operator upon proof sufficient to satisfy the 
Commission that the licensee— 

(A) has violated any provision of any Act, 
treaty, or convention binding on the United 
States, which the Commission is authorized to 
administer, or any regulation made by the Com¬ 
mission under such Act, treaty, or convention; or 
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(B) has failed to carry out a lawful order of 
the master or person lawfully in charge of the 
ship or aircraft on which he is employed; or 

(C) has willfully damaged or permitted radio 
apparatus or installations to be damaged; or 

(D) has transmitted superfluous radio com¬ 
munications or signals or communications con¬ 
taining profane or obscene words, language, or 
meaning, or has knowingly transmitted— 

(1) false or deceptive signals or communica¬ 
tions, or 

(2) a call signal or letter which has not been 
assigned by proper authority to the station he is 
operating; or 

(/;) has willfully or maliciously interfered with 
any other radio communications or signals; or 
(F) has obtained or attempted to obtain, or 
has assisted another to obtain or attempt to ob¬ 
tain, an operator's license by fraudulent means. 

(2) No order of suspension of any operator’s 
license shall take effect until fifteen days’ notice in 
writing thereof, stating the cause for the proposed 
suspension, has been given to the operator licensee 
who may make written application to the Commis¬ 
sion at any time within said fifteen days for a hear¬ 
ing upon such order. The notice to the operator 
licensee shall not be effective until actually received 
by him, and from that time he shall have fifteen 
days in which to mail the said application. In the 
event that physical conditions prevent mailing of 
the application at the expiration of the fifteen-day 
period, the application shall then be mailed as soon 
as possible thereafter, accompanied by a satisfactory 
explanation of the delay. Upon receipt by the 
Commission of such application for hearing, said 
order of suspension shall be held in abeyance until 
the conclusion of the hearing which shall be con¬ 
ducted under such rules as the Commission may 
prescribe. Upon the conclusion of said hearing the 
Commission may affirm, modify, or revoke said 
order of suspension. 

3. Facilities for Candidates for Public Office— 

Sec. 315. If any licensee shall permit any person 
who is a legally qualified candidate for any public 
office to use a broadcasting station, he shall afford 
equal opportunities to all other such candidates for 
that office in the use of such broadcasting station, 
and the Commission shall make rules and regula¬ 
tions to carry this provision into effect: Prenfided, 



784 


RADIO MANUAL 


That such licensee shall have no power of censorship 
over the material broadcast under the provisions of 
this section. No obligation is hereby imposed upon 
any licensee to allow the use of its station by any 
such candidate. 

4. Lotteries and Other Similar Schemes— Sec. 
316. No person shall broadcast by means of any 
radio station for which a license is required by any 
law of the United States, and no person operating 
any such station shall knowingly permit the broad¬ 
casting of, any advertisement of or information 
concerning any lottery, gift enterprise, or similar 
scheme, offering prizes dependent in whole or in 
part upon lot or chance, or any list of the prizes 
drawn or awarded by means of any such lottery, 
gift enterprise, or scheme, whether said list contains 
any part or all of such prizes. Any person violat¬ 
ing any provision of this section shall, upon convic¬ 
tion thereof, be fined not more than $1,000 or im¬ 
prisoned not more than one year, or both, for each 
and every day during which such offense occurs. 

5. Announcement that Matter is Paid for— 
Sec. 317. All matter broadcast by any radio sta¬ 
tion for which service, money, or any other valu¬ 
able consideration is directly or indirectly paid, or 
promised to or charged or accepted by, the station 
so broadcasting, from any person, shall, at the time 
the same is so broadcast, be announced as paid for 
or furnished, as the case may be, by such person. 

6. Licensed Operator — Sec. 318. The actual 
operation of all transmitting apparatus in any radio 
station for which a station license is required by this 
Act shall be carried on only by a person holding 
an operator's license issued hereunder, and no per¬ 
son shall operate any such apparatus in such station 
except under and in accordance with an operator’s 
license issued to him by the Commission: Provided, 
however, That the Commission if it shall find that 
the public interest, convenience or necessity will be 
served thereby may waive or modify the foregoing 
provisions of this section for the operation of any 
station except (1) stations for which licensed oper¬ 
ators are required by international agreement, (2) 
stations for which licensed operators are required 
for safety purposes, (3) stations engaged in broad¬ 
casting, and (4) stations operated as common car¬ 
riers on frequencies below thirty thousand kilo¬ 
cycles : Provided further, That the Commission shall 
have power to make special regulations governing 
the grafting of licenses for the use of automatic 
radio devices and for the operation of such devices. 

7. Designation of Stations Liable to Interfere 
with Distress Signals — Sec. 320. The Commis¬ 
sion is authorized to designate from time to time 
radio stations the communications or signals of 
which, in its opinion, are liable to interfere with the 
transmission or reception of distress signals of 
ships. Such stations are required to keep a licensed 
radio operator listening in on the frequencies desig¬ 
nated for signals of distress and radio communica¬ 


tions relating thereto during the entire period the 
transmitter of such station is in operation. 

8. Ship Transmitter Adjustment— Sec. 321. 
(a) The transmitting set in a radio station on ship¬ 
board may be adjusted in such a manner as to 
produce a maximum of radiation, irrespective of the 
amount of interference which may thus be caused, 
when such station is sending radio communications 
or signals of distress and radio communications re¬ 
lating thereto. 

(b) All radio stations, including Government 
stations and stations on board foreign vessels when 
within the territorial waters of the United States, 
shall give absolute priority to radio communications 
or signals relating to ships in distress; shall cease 
all sending on frequencies which will interfere with 
hearing a radio communication or signal of distress, 
and, except when engaged in answering or aiding 
the ship in distress, shall refrain from sending any 
radio communications or signals until there is as¬ 
surance that no interference will be caused with the 
radio communications or signals, relating thereto, 
and shall assist the vessel in distress, so far as pos¬ 
sible, by complying with its instructions. 

9. Exchange of Messages and Signals— Sec. 
322. Every land station open to general public 
service between the coast and vessels or aircraft at 
sea shall, within the scope of its normal operations, 
be bound to exchange radio communications or sig¬ 
nals with any ship or aircraft station at sea; and 
each station on shipboard or aircraft at sea shall, 
within the scope of its normal operations, be bound 
to exchange radio communications or signals with 
any other station on shipboard or aircraft at sea or 
with any land station open to general public service 
between the coast and vessels or aircraft at sea: 
Provided, That such exchange of radio communica¬ 
tion shall be without distinction as to radio systems 
or instruments adopted by each station. 

10. Interference between Government and 
Commercial Stations — Skc. 323. (a) At all places 
where Government and private or commercial radio 
stations on land operate in such close proximity that 
interference with the work of Government stations 
cannot be avoided when they are operating simul¬ 
taneously, such private or commercial stations as do 
interfere with the transmission or reception of radio 
communications or signals by the Government sta¬ 
tions concerned shall not used their transmitters 
during the first fifteen minutes of each hour, local 
standard time. 

(fc) The Government stations for which the 
above-mentioned division of time is established shall 
transmit radio communications or signals only dur¬ 
ing the first fifteen minutes of each hour, local 
standard time, except in case of signals or radio 
communications relating to vessels in distress and 
vessel requests for information as to course, loca¬ 
tion, or compass direction. 



IMPORTANT EXTRACTS FROM THE COMMUNICATIONS ACT OF 1934 


785 


11. Use of Minimum Power.— Sec. 324. In all 

circumstances, except in case of radio communica¬ 
tions or signals relating to vessels in distress, all 
radio stations, including those owned and operated 
by the United States, shall use the minimum amount 
of power necessary to carry out the communication 
desired. 

12. False Distress Signals; Rebroadcasting; 
Studios of Foreign Stations— Skc. 325. (a) No 
person within the jurisdiction of the United States 
shall knowingly utter or transmit, or cause to be 
uttered or transmitted, any false or fraudulent sig¬ 
nal of distress, or communication relating thereto, 
nor shall any broadcasting station rebroadcast the 
program or any part thereof of another broadcast¬ 
ing station witliout the express authority of the 
originating station. 

(b) No person shall be permitted to locate, use, 
or maintain a radio broadcast studio or other place 
OT apparatus from which or whereby sound waves 
are converted into electrical energy, or mechanical 
or physical reproduction of sound waves produced, 
and caused to Ik* transtnitted or delivered to a radio 
station in a foreign country for the purpose of being 
broadcast from any radio station there having a 
power output of sufficient intensity and/or being so 
located geographically that its emissions may be 
received consistently in the United States, without 
first obtaining a j)ermit from the Commission upon 
proper application therefor. 

(c) Such application shall contain such informa¬ 
tion as the Commission may by regulation prescribe, 
and the granting or refusal thereof shall be subject 
to the requirements of section 309 hereof with re¬ 
spect to applications for station licenses or renewal 
or modification thereof, and the license or permis¬ 
sion so granted shall be revocable for false state¬ 
ments in the application so required or when the 
Commission, after hearings, shall find its continu¬ 
ation no longer in the public interest. 

13. Censorship; Indecent Language— Sec. 326. 
Nothing in this Act shall be understood or construed 
to give the Commission the power of censorship 
over the radio communications or signals trans¬ 
mitted by any radio station, and no regulation or 
condition shall be promulgated or fixed by the Com¬ 
mission which shall interfere with the right of free 
speech, by means of radio communication. No per¬ 
son within the jurisdiction of the United States 
shall utter any obscene, indecent, or profane lan¬ 
guage by means of radio communication. 

Title III —Provisions Relating to Radio 
Part I —General Provisions 

(6) Such title TIT is further amended by adding 
at the end thereof a new part as follows: 


Part II— Radio Equipment and Radio Operators on 
Board Ship 

Ship Radio Installations and Operations 

14. Ships Subject to Amended Act— Sec. 351. 
(a) Except as provided in section 352 hereof, it 
shall be unlawful— 

(1) For any ship of the United States, other 
than a cargo ship of less than sixteen hundred 
gross tons, to be navigated in the open sea outside 
of a harbor or port, or for any ship of the United 
States or any foreign country, other than a cargo 
ship of less than sixteen hundred gross tons, to 
leave or attempt to leave any harbor or port of 
the United States for a voyage in the open sea, 
unless such ship is equipped with an efficient radio 
installation in operating condition, in charge of 
and operated by a (jualified operator or operators, 
adequately installed and protected so as to insure 
proper operation, and so as not to endanger the 
ship and radio installation, as hereinafter pro¬ 
vided, and in the case of a ship of the United 
States, unless there is on board a valid station 
license issued in accordance with this Act; 

(2) For any passenger ship of the United 
States of five thousand gross tons, or over, to be 
navigated outside of a harbor or port, in the open 
sea, or for any such ship of the United States or 
any foreign county to leave or attempt to leave 
any harbor or port of the United States for a 
voyage in the open sea, unless such ship is 
equipped with an efficient radio direction finder 
apparatus (radio conii)ass) properly adjusted in 
operating condition as hereinafter provided, which 
apparatus is approved by the Commission; 

(b) A ship which is not subject to the provisions 
of this part at the time of its departure on a 
voyage shall not become subject to such provi¬ 
sions on account of any deviation from its in¬ 
tended voyage due to stress of weather or any 
other cause over which neither the master, the 
owner, nor the charterer (if any) has control. 

15. Exceptions —Sec. 352. (a) The provisions 
of this part shall not apply to—- 

(1) A ship of war; 

(2) A ship of the United States belonging to 
and operated by the Government, except a ship of 
the United States Maritime Commission, the In¬ 
land and Coastwise Waterways Service, or the 
Panama Railroad Company; 

(3) A foreign ship belonging to a country 
which is a party to the Safety Convention and 
which ship carries a valid certificate exempting 
said ship from the radio provisions of that Con¬ 
vention, or which ship conforms to the radio re¬ 
quirements of such Convention or Regulations 
and has on board a valid certificate to that effect; 
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(4) Yachts of less than six hundred gross 
tons not subject to the radio provisions of the 
Safety Convention; 

(5) Vessels in tow; 

(6) A vessel navigating solely on the Great 
Lakes, or on any bays, sounds, rivers, or pro¬ 
tected waters within the jurisdiction of the United 
States, or to a vessel leaving or attempting to 
leave any harbor or port of the .United States 
for a voyage solely on the Great Lakes, or on 
any bays, sounds, rivers, or protected waters 
within the jurisdiction of the United States. 

(b) The Commission may, if it considers that 
the route or the conditions of the voyage or other 
circumstances are such as to render a radio installa¬ 
tion unreasonable or unnecessary for the purposes 
of this part, exempt from the provisions of this part 
any ship, or any class of ships, which falls within 
any of the following descriptions: 

(1) Passenger ships which in the course of 
their voyage do not go more than twenty nautical 
miles from the nearest land or more than two 
hundred nautical miles between two consecutive 
ports; 

(2) Cargo ships which in the course of their 
voyage do not go more than one hundred and 
fifty nautical miles from the nearest land; 

(3) Passenger vessels of less than one hundred 
gross tons not subject to the radio provisions of 
the Safety Convention; 

(4) Sailing ships. 

16. Operators, Watches, Auto-Alarm —Sec. 353. 

(a) Each cargo ship required by this part to be 
fitted with a radio installation and which is not fitted 
with an auto-alarm, and each passenger ship re¬ 
quired by this part to be fitted with a radio installa¬ 
tion, shall, for safety purposes, carry at least two 
qualified operators. 

(b) A cargo ship, required by this part to be 
fitted with a radio installation, which is fitted with 
an auto-alarm in accordance with this title, shall, 
for safety purposes, carry at least one qualified 
operator who shall have had at least six months' 
previous service in the aggregate as a qualified 
operator in a station on board a ship or ships of 
the United States. 

(c) Each ship of the United States required by 
this part to be fitted with a radio installation shall, 
while being navigated outside a harbor or port, keep 
a continuous watch by means of qualified operators: 
Provided, however, That in lieu thereof on a cargo 
ship fitted with an auto-alarm in proper operating 
condition, a watch of at least eight hours per dajf, 
in the aggregate, shall be maintained by means of a 
qualified operator. 

(d) The Commission shall, when it finds it neces¬ 
sary for safety purposes, have authority to prescribe 
the particular hours of watch on a ship of the 


United States required by this part to be fitted with 
a radio installation. 

(e) On all ships of the United States fitted with 
an auto-alarm, said apparatus shall be in operation 
at all times while the ship is being navigated out¬ 
side of a harbor or port when the operator is not 
on watch. 

17. Technical Requirements —Sec. 354. The 
radio installation and the radio direction-finding ap¬ 
paratus required by section 351 of this part shall 
comply with the following requirements: 

(a) The radio installation shall comprise a main 
and an emergency or reserve installation: Provided, 
however. That on a cargo ship, if the main installa¬ 
tion complies also with all the requirements of an 
emergency or reserve installation, the emergency 
or reserve installation may be omitted. 

(b) The ship's radio operating room and the 
emergency or reserve installation shall be placed in 
the upper part of the ship in a position of the great¬ 
est possible safety and as high as practicable above 
the deepest load water line, and the location of such 
room or rooms shall be approved by the Bureau of 
Marine Inspection and Navigation, Department of 
Commerce. 

(c) The main and emergency or reserve instal¬ 
lations shall be capable of transmitting and receiv¬ 
ing on the frequencies and types of waves desig¬ 
nated by the Commission pursuant to law for the 
purpose of distress and safety of navigation. 

(d) The main installation shall have a normal 
transmitting and receiving range of at least two 
hundred nautical miles, that is to say, it must be 
capable of transmitting and receiving clearly per¬ 
ceptible signals from ship to ship over a range of 
at least two hundred nautical miles by day under 
normal conditions and circumstances. 

(c) Sufficient power shall be available at all times 
to operate the main radio installation efficiently 
under normal conditions over the range specified 
in subsection (d) of this section. 

(/) The emergency or reserve installation shall 
include a source of energy independent of the pro¬ 
pelling power of the ship and of any electrical sys¬ 
tem and shall be capable of being put into operation 
rapidly and of working for at least six continuous 
hours. For the emergency or reserve installation, 
the normal range as defined in subsection (d) of 
this section shall be at least one hundred nautical 
miles. 

(g) There shall be provided between the bridge 
of the ship and the radio room, and between the 
bridge and the location of the direction finding appa¬ 
ratus, when the direction finding apparatus is not 
located on the bridge, an efficient means of commu¬ 
nication independent of any other communication 
system of the ship. 

(h) The direction finding apparatus shall be effi¬ 
cient and capable of receiving clearly perceptible 
radio signals and of taking bearings from which 
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the true bearing and direction may be determined. 
It shall be capable of receiving signals on the fre¬ 
quencies prescribed for distress, direction finding, 
and radio beacons by the General Radio Regulations 
annexed to the International Telecommunication 
Convention in force and in new installations after 
the effective date of this part, such other fre¬ 
quencies as the Commission may for safety pur¬ 
poses designate. 

18. Lifeboats— Sec. 355. Every motor lifeboat, 
required to be equipped with radio by treaty or 
convention to which the United States is a party, 
by statute, or by regulation made in conformity with 
a treaty, convention, or statute, shall be fitted with 
an efficient radio installation under such rules and 
regulations as the Commission may find necessary 
to promote the safety of life. 

19. Approval of Installation— Sec. 356. (a) 
Insofar as is necessary to carry out the purposes 
and requirements of this part, the Commission shall 
have authority, for any ship subject to this part— 

(1) To approve the details as to the location 
and manner of installations of the equipment re¬ 
quired by this part or of equipment necessitated 
by reason of the purposes and requirements of 
this part. 

(2) To approve installations, apparatus, and 
spare parts necessary to comply with the pur¬ 
poses and requirements of this part. 

(3) To prescribe such additional equipment as 
may be determined to be necessary to supplement 
that specified herein, for the proper function of 
the radio installation installed in accordance with 
this part or for the proper conduct of radio com¬ 
munication in time of emergency or distress. 

20. Transmission of Information— Sec. 357. 

(a) The master of every ship of the United States 
equipped with radio transmitting apparatus, on 
meeting with dangerous ice, a dangerous derelict, 
a tropical storm, or any other direct danger to navi¬ 
gation, shall cause to be transmitted all pertinent 
information relating thereto, to ships in the vicinity 
and to the appropriate authorities, in accordance 
with rules and regulations issued by the Commis¬ 
sion, which authorities of the United States shall, 
when they consider it necessary, promptly bring the 
information received by them to the knowledge of 
those concerned and foreign authorities interested. 

(b) No charge shall be made by any ship or 
station in the mobile service of the United States 
for the transmission, receipt, or relay of the infor¬ 
mation designated in subsection (a) originating on 
a ship of the United States or of a foreign country. 

(c) The transmission by any ship of the United 
States, made in compliance with subsection (a), to 
any station which imposes a charge for the recep¬ 
tion, relay, or forwarding of the required informa¬ 
tion, shall be free of cost to the ship concerned and 
any communication charges incurred by the ship for 


transmission, relay, or forwarding of the informa¬ 
tion may be certified to the Commission for re¬ 
imbursement out of moneys appropriated to the 
Commission for that purpose. 

(d) No charge shall be made by any ship or sta¬ 
tion in the mobile service of the United States for 
the transmission of distress messages and replies 
thereto in connection with situations involving the 
safety of life and property at sea. 

(e) Notwithstanding any other provision of law, 
any station or carrier may render free service in 
connection with situations involving the safety of 
life and property, including hydrographic reports, 
weather reports, reports regarding aids to naviga¬ 
tion and medical assistance to injured or sick per¬ 
sons on ships and aircraft at sea. All free service 
permitted by this subsection shall be subject to such 
rules and regula^^ions as the Commission may pre¬ 
scribe, which rules may limit such free service to 
the cxt^'iit which the Commission finds desirable in 
the public interest. 

21. Authority of Master— Sec. 358. The radio 
installation, the operators, the regulation of their 
watches, the transmission and receipt of messages, 
and the radio service of the ship except as they may 
be regulated by law or international agreement, or 
by rules and regulations made in pursuance thereof, 
shall in the case of a ship of the United States be 
under the supreme control of the master. 

22. Certificates— Sec. 359. (a) Each vessel of 
the United States to which the Safety Convention 
applies shall comply with the Radio and communi¬ 
cation provisions of said convention at all times 
while the vessel is in use, in addition to all other 
requirements of law, and have on board an appro¬ 
priate certificate as pre.scribed by the Safety 
Convention. 

(b) Appropriate certificates concerning the radio 
particulars provided for in said convention shall be 
is.sued to any vessel of the United States which is 
subject to the radio provisions of the Safety Con¬ 
vention and is found by the Commission to comply 
therewith. Such certificates shall be issued by the 
Department of Commerce, or whatever other agency 
is authorized by law so to do, upon request of the 
Commission made after proper inspection or deter¬ 
mination of the facts. If the holder of such certifi¬ 
cate violates the provisions of the safety conven¬ 
tion, or of this Act, or the rules, regulations, or 
conditions prescribed by the Commission, and if the 
effective administration of the safety convention or 
of this part so requires, the Commission, after 
hearing in accordance with law, is authorized to 
request the modification or cancelation of such cer¬ 
tificate. Upon receipt of such request the Depart¬ 
ment of Commerce, or whatever other agency is 
authorized by law to do so, shall modify or cancel 
the certificate in accord therewith. The Commis¬ 
sion is authorized to issue, modify, or cancel such 



788 


RADIO MANUAL 


certificates in the event that no other agency is 
authorized to do so. 

23. Inspections — Sec. 360. (a) In addition to 
any other provisions required to be included in a 
radio station license, the station license of each ship 
of the United States subject to this title shall in¬ 
clude particulars with reference to the items spe¬ 
cifically required by this title. 

(b) Every ship of the United States, subject to 
this part, shall have the equipment and apparatus 
prescribed therein, inspected at least once each year 
by the Commission. If, after such inspection, the 
Commission is satisfied that all relevant provisions 
of this Act and the station license have been com¬ 
plied with, that fact shall be certified to on the sta¬ 
tion license by the Commission. The Commission 
shall make such additional inspections at frequent 
intervals as may be necessary to insure compliance 
with the requirements of this Act. 

24. Control by Commission — Sec. 361. Noth¬ 
ing in this title shall be interpreted as lessening in 
any degree the control of the Commission over all 
matters connected with the radio equipment and its 
operation on shipboard and its decision and deter¬ 
mination in regard to the radio requirements, instal¬ 
lations, or exemptions from prescribed radio re¬ 
quirements shall be final, subject only to review in 
accordance with law. 

25. Forfeitures — Sec. 362. The following for¬ 
feitures shall apply to this part, in addition to the 
penalties and forfeitures provided by title V of 
this Act: 

(a) Any ship that leaves or attempts to leave 
any harbor or port of the United States in violation 
of the provisions of this part, or the rules and regu¬ 
lations of the Commission made in pursuance 
thereof, or any ship of the United States that is 
navigated outside of any harbor or port in violation 
of any of the provisions of this part, or the rules 
and regulations of the Commission made in pursu¬ 
ance thereof, shall forfeit to the United States the 
sum of $500, recoverable by way of suit or libel. 
Each such departure or attempted departure, and 
in the case of a ship of the United States each day 
during which such navigation occurs shall constitute 
a separate offense. 

(b) Every willful failure on the part of the mas¬ 
ter of a ship of the United States to enforce or to 
comply with the provisions of this Act or the rules 
and regulations of the Commission as to equipment, 
operators, watches, or radio service shall cause him 
to forfeit to the United States the sum of $100. 

26. General Penalty—SEc. 501. Any person 
who willfully and knowingly does or causes or 
suffers to be done any act, matter, or thing, in this 
Act prohibited or declared to be unlawful, or who 
willfully and knowingly omits or fails to do any 
act, matter, or thing in this Act required to be done, 
or willfully and knowingly causes or suffers such 
omission or failure, shall, upon conviction thereof, 


be punished for such offense, for which no penalty 
(other than a forfeiture) is provided herein, by a 
fine of not more than $10,000 or by imprisonment 
for a term of not more than two years, or both. 

27. Violations of Rules, Regulations— Sec. 502. 
Any person who willfully and knowingly violates 
any rule, regulation, restriction or condition made 
or imposed by the Commission under authority of 
this Act, or any rule, regulation, restriction, or 
condition made or imposed by any international 
radio or wire communications treaty or convention, 
or regulations annexed thereto, to which the United 
States is or may hereafter become a party, shall, in 
addition to any other penalties provided by law, be 
punished, upon conviction thereof, by a fine of not 
more than $500 for each and every day during 
which such offense occurs. 

28. Ship Act —Section 602 of the Communica¬ 
tions Act of 1934 is hereby amended by adding at 
the end thereof a new subsection to read as follows: 

(e) Such part or parts of the Act entitled “An 
Act to require apparatus and operators for radio 
communication on certain ocean steamers,” ap¬ 
proved June 24, 1910, as amended, as relate to the 
ocean and to steamers navigating thereon, are 
hereby repealed. In all other respects said Act shall 
continue in full force and effect. The Commission 
is requested and directed to make a special study of 
the radio requirements necessary or desirable for 
safety purposes for ship navigating the Great Lakes 
and the inland waters of the United States, and to 
report its recommendations, and the reasons there¬ 
for, to the Congress not later than December 31, 
1939. 

29. Unauthorized Publication of Communica¬ 
tions — Sec. 605. No person receiving or assisting 
in receiving, or transmitting, or assisting in trans¬ 
mitting, any interstate or foreign communication 
by wire or radio shall divulge or publish the exist¬ 
ence, contents, substance, purport, effect, or mean¬ 
ing thereof, except through authorized channels of 
transmission or reception, to any person other than 
the addressee, his agent, or attorney, or to a person 
employed or authorized to forward such communica¬ 
tion to its destination, or to proper accounting or 
distributing officers of the various communicating 
centers over which the communication may be 
passed, or to the master of a ship under whom he 
is serving, or in response to a subpoena issued by 
a court of competent jurisdiction, or on demand of 
other lawful authority; and no person not being 
authorized by the sender shall intercept any com¬ 
munication and divulge or publish the existence, 
contents, substance, purport, effect, or meaning of 
such intercepted communication to any person; and 
no person not being entitled thereto shall receive or 
assist in receiving any interstate or foreign com¬ 
munication by wire or radio and use the same or 
any information therein contained for his own 
benefit or for the benefit of another not entitled 
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thereto; and no person having received such inter¬ 
cepted communication or having become acquainted 
with the contents, substance, purport, effect, or 
meaning of the same or any part thereof, knowing 
that such information was so obtained, shall divulge 
or publish the existence, contents, substance, pur¬ 
port, effect, or meaning of the same or any part 
thereof, or use the same or any information therein 
contained for his own benefit or for the benefit of 


another not entitled thereto: Provided, That this 
section shall not apply to the receiving, divulging, 
publishing, or utilizing the contents of any radio 
communication broadcast, or transmitted by ama¬ 
teurs or others for the use of the general public, 
or relating to ships in distress. 

30. Short Title— Sec. 609. This Act may be 
cited as the ‘Communications Act of 1934.*' 

Approved June 19, 1934. 



CHAPTER 20 

RC.C. RULES AND REGULATIONS 


PREFACE TO THE RULES AND REG¬ 
ULATIONS OF THE FEDERAL 
COMMUNICATIONS COM¬ 
MISSION 

The '*Rules and Rcg^ulations of the Federal Com¬ 
munications Commission” incorporate all the rules 
and refi:ulations of a general or permanent nature in 
force as of the effective date appearing at the be¬ 
ginning of each part. The title, “Title 47—Tele¬ 
communication,” has been adopted for all the rules 
to correspond with the codification thereof under 
the provisions of the Federal Register Act, and also 
to correspond with the title under which the Com¬ 
munications Act is printed in the United States 
Code. 

In preparing this compilation, the Commission has 
had in mind the necessity for an arrangement which 
would make the rules conveniently accessible and 
one which would also make provision for future 
amendments. To this end all the existing rules have 
been logically arranged under 33 parts, which have 
been suitably subdivided, employing nonconsecutive 
part numbers from 1 to 65, making provision for 
substitutions and additions. 

The various parts arc independently numbered, 
each part beginning with the principal section num¬ 
ber allocated for the purpose and in keeping with 
the system of numbering which has been used, and 
these section numbers run consecutively only within 
the part. The first section of each part begins with 
“.1.” Gaps are left in the numbering throughout so 
that new and amendatory provisions may be inserted 
with due regard to their relation to the compilation 
as a whole. 

Each part has been printed and bound in separate 
pamphlet form, and each contains a title page listing 
the part numbers and titles of all the Rules and 
Regulations. In addition, explanatory footnotes 
have been included referring to statutes or treaties 
applicable to particular services and, so far as prac¬ 
ticable, to other applicable parts. 

It is intended that future amendments will be 
made available in such form that the substitute or 
added pages may be readily inserted within the part. 

Provisions of the rules may be cited thus: “Sec¬ 
tion or §8.1 Federal Communications Commission 
Rules.” 

Copies of these rules may be obtained from the 
Superintendent of Documents, Government Print¬ 
ing Office, Washington, D. C. 


RULES OF PRACTICE AND 
PROCEDURE 

§ 1.401 Notice of violations, —Any licensee 
who appears to have violated any provision of the 
Communications Act of 1934 or of the rules and 
regulations of the Federal Communications Com¬ 
mission, shall be served with a notice calling the 
facts to his attention and re(iuesting a statement 
concerning the matter. Within 3 days from re¬ 
ceipt of such notice, or such other period as may 
be specified, the licensee shall send a written an- 
vswer direct to the office of the C'ommission originat¬ 
ing the official notice. If an answer cannot be sent 
nor an acknowledgment made within such 3-day pe¬ 
riod by reason of illness or other unavoidable cir¬ 
cumstances, acknowledgment and answers shall be 
made at the earliest practicable date with a satis¬ 
factory explanation of the delay. The answer to 
each notice shall be complete in itself and shall not 
be abbreviated by reference to other communica¬ 
tions or answers to other notices. Jf the notice re¬ 
lates to violations that may be due to the physical 
or electrical characteristics of transmitting appa¬ 
ratus, the answer shall state fully what steps, if 
any, have been taken to prevent future violations, 
and if any new apparatus is to be installed, the date 
such apparatus was ordered, the name of the manu¬ 
facturer, and promised date of delivery. If the in¬ 
stallation of such apparatus requires a construction 
permit, the file number of the api)lication shall be 
given, or if a file number has not been assigned by 
the Commission such identification shall be given 
as will permit ready identification thereof. If the 
notice of violation relates to lack of attention to or 
improper operation of the transmitter, the name and 
license number of the operator in charge shall be 
given. 

§ 1.404 Suspension of operator licenses.— 

Whenever it appears that grounds exist for suspen¬ 
sion of an operator license, as provided in section 
303 (m) of the act, the Bureau of Law after con¬ 
ferring with the other Bureaus of the Commission 
prepares a report and other necessary papers which 
are presented to the Commission for action. If the 
Commission concludes that suspension proceedings 
should be instituted, a suspension order will be 
issued. No order of suspension of any operator's 
license shall take effect until 15 days' notice in writ¬ 
ing thereof, stating the cause for the proposed sus¬ 
pension, has been given to the operator licensee who 
may make written application to the Commission 
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at any time within said 15 days for a hearing upon 
such order. The notice to the operator licenses 
shall not be effective until actually received by him, 
and from that time he shall have 15 days in which 
to mail the said application. In the event that 
j)hysical conditions prevent mailing of the appli¬ 
cation before the expiration of the IS-day period, 
the application shall then be mailed as soon as pos¬ 
sible thereafter, accompanied by a satisfactory ex¬ 
planation of the delay. Upon receipt by the Com¬ 
mission of such application for hearing, said order 
of suspension shall be held in abeyance until the 
conclusion of the hearing which shall be conducted 
under such rules as the Commission shall deem ap¬ 
propriate. Upon the conclusion of said hearing the 
Commission may affirm, modify, or revoke said 
order of suspension. If the license is ordered sus¬ 
pended, the operator shall send his operator license 
to the office of the Commission in Washington, 
D. C., on or before the effective date of the order, 
or, if the effective date has passed at the time no¬ 
tice is received, the license shall be sent to the 
(\)mmission forthwith. 

GENERAL RULES AND REGULATIONS 

§2.102 Nomenclature of frequencies.—Fre¬ 
quencies shall be expressed in kilocycles per second 
(kc) at and below 30,000 kilocycles per second and 
in megacycles per second (Me) above this fre¬ 
quency. 

Frequency Subdivision Frequeniy Range 

VLF (very low frf(iucncy).. . Below 30 kc. 

J.I" (low fre(iuency). 30 to 300 kc. 

MF (medium frequency). 300 to 3000 kc. 

HF (high fre(juency).1000 to 30,000 kc. 

VHF (very high frtHiuency). . 30,000 to 300 Me. 

UIJF (ultra high frequency). . 300 Me. to 3000 Me. 

.SHF (super high frcqucnc>).. 3000 Me. to 30,000 Me. 
F.HF (extremely high 

frequency). 30,000 Me. to 300,000 Me. 

SUBPART ('—EMISSIONS 

§ 2.201 Emission, modulation and transmis¬ 
sion characteristics.—1'he following system of 
designating emission, modulations and transmission 
characteristics shall be employed. 

(a) The emission characters used in connection 
with frequency assignments express: 

(1) Necessary bandwidth. 

(2) Type of modulation or emission. 

(3) Type of transmission. 

(4) Supplementary characteristics authorized. 

(b) Types of modulation and emission are sym¬ 
bolized according to the following letters: 


(1) Amplitude modulation ... A 

(2) Frequency (or phase) modulation . F 

(3) Pulsed emission . P 


(c) Types of transmission are symbolized ac¬ 
cording to the following numbers: 


(1) Absence of any modulation intended to carry 

information . 0 

(2) Telegraphy without the use of modulating 

audio frequency. 1 

(3) Telegraphy by the keying of a modulating 

audio fre(iuency or audio frequencies or by the 
keying of the modulated emission (special case: 
an unkeyed modulated emission) . 2 

(4) Telephony . 3 

(5) Facsimile . 4 

(6) Television . 5 

(7) Composite transmissions and cases not covered 

by the above . 9 


(d) Supplementary characteristics aie symbol¬ 
ized in accordance with the following letters: 

(1) Double sideband, full carrier.(None) 

(2) Single sideband, reduced carrier. a 

(3) Two independent sidebands, reduced carrier ... b 

(4) Other emissions, reduced carrier. c 

(5) Pulse, amplitude modulated. d 

(6) Pulse, width modulated . e 

(7) Pulse, phase (or position) modulated . f 

(c) The classification of emission.s is tabulated 
on page 792. 

(/) Type B emission. —As an exception to the 
above principles, damped waves are symbolized in 
the Commission’s rules and regulations as type B 
emission. 

SUBPART D—IDENTIFICATION OF RADIO 
COMMUNICATION AND ALLOCATION 
AND USE OF CALL SIGNS 

§2.301 Identification of transmissions. —For 

the purpose of identifications, wdth a view to the 
elimination of harmful interference and the general 
enforcement of applicable radio treaties, conven¬ 
tions, regulations, arrangements and agreements in 
force, and the enforcement of the Communications 
Act of 1934, as amended, and the Commission’s 
rules, each station using radio frequencies sliall 
identify its transmissions as prescribed ])y the rules 
governing such classes of stations. 

SUBPART E—DISTRESS, DISASTER AND 
EMERGENCY COMMUNICATIONS 

§2.401 Distress messages. —Each station li¬ 
censee .shall give absolute priority to radiocommuni¬ 
cations or signals relating to ships or aircraft in 
di.stress; shall cease all sending on frequencies 
which will interfere with hearing a radiocommuni¬ 
cation or signal of distress and except when en¬ 
gaged in answering or aiding the ship or aircraft in 
di.stress, shall refrain from sending any radiocom¬ 
munications or signals until there is assurance that 
no interference will be caused with the radiocom¬ 
munications or signals relating thereto; and shall 
assist the ship or aircraft in distress, so far as pos¬ 
sible, by complying with its instructions. 

§2.402 Control of distress traffic. —The con¬ 
trol of distress traffic is the responsibility of the 
mobile station in distress or of the mobile .station 
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Type of Modulation or Emission 


Type of Transmission 


Supplementary Characteristics 


Symbol 


1. Amplitude 


Absence of any modulation. 

Telegraphy without the use of modulating 
audio frequency (on-off keying). 

Telegraphy by the keying of a modulating 
audio frequency or audio frequencies or by 
the keying of the modulated emission (spe¬ 
cial case; an unkeyed modulated emission). 
Telephony. 


Double sideband, full carrier. . 
Single sideband, reduced car¬ 
rier. 

Two independent sidebands, 
reduced carrier. 


AO 

A1 

A2 

A3 

A3a 

A3b 


2 


Facsimile. 

Television. 

Composite transmissions and cases not cov¬ 
ered by the above. 

Composite transmissions. 


Reduced carrier 


A4 

A5 

A9 

A9c 


Frequency (or phase) 
modulated. 


Absence of any modulation 


FO 


3. 


Pulsed emissions 


Telegraphy without the use of modulating 
audio frequency (frequency shift keying). 
Telegraphy by the keying of a modulating 
audio frequency or audio frequencies or by 
the keying of the modulated emission (sp)e- 
cial case: an unkeyed emission modulated by 
audio frequency). 

Telephony. 

Facsimile. 

Television... 

Composite transmissions and cases not cov¬ 
ered by the above. 


FI 

F2 


F3 

F4 

F5 

F9 


Absence of any modulation intended to carry 
information. 

Telegraphy without the use of modulating 
audio frequency. 

Telegraphy by the keying of a modulating 
audio frequency or audio frequencies, or by 
the keying of the modulated pulse (special 
case: an unkeyed modulated pulse). 


Telephony 


Composite transmissions and cases not cov¬ 
ered by the above. 


Audio frequency or audio fre¬ 
quencies modulating their 

pulse in amplitude. 

Audio frequency or audio fre¬ 
quencies modulating the 

width of the pulse. 

Audio frequency or audio fre¬ 
quencies modulating the 

phase (or position) of the 
pulse. 

Amplitude modulated pulse. . . 

Width modulated pulse. 

Phase (or position) modulated 
pulse. 


PO 

PI 

P2d 

P2e 

P2f 

P3d 

P3e 

P3f 

P9 


which, by the application of the provisions of 
§2.403, has sent the distress call. These stations 
may, however, delegate the control of the distress 
traffic to another station. 

§ 2.403 Retransmission of distress message.— 
Any station which becomes aware that a mobile 
station is in distress may transmit the distress mes¬ 
sage in the following cases: 

(a) When the station in distress is not itself in 
a position to transmit the message. 

(b) In the case of mobile stations, when the 


master or the person in charge of the ship, air¬ 
craft, or other vehicles carrying this station which 
intervenes believes that further help is necessary. 

(c) In the case of other stations, when directed 
to do so by the station in control of distress traffic 
or when it has reason to believe that a distress call 
which it has intercepted has not been received by 
any station in a position to render aid. 

§2.404 Resumption of operation after dis¬ 
tress. —No station having been notified to cease 
operation shall resume operation on frequency or 
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frequencies which may cause interference until 
notified by the station issuing the original notice 
that the station involved will not interfere with 
distress traffic as it is then being routed or until 
the receipt of a general notice that the need for 
handling distress traffic no longer exists. 

§ 2.405 Communications in emergencies.— 
The licensee of any station, except amateur, may, 
during a period of emergency in which normal 
communication facilities are disrupted as a result 
of hurricane, flood, earthquake, or similar disaster, 
utilize such station for emergency communication 
service in communicating in a manner other than 
that specified in the instrument of authorization, 
provided: 

(a) That as soon as possible after the beginning 
of such emergency use, notice be sent to the Com¬ 
mission at Washington, D. C., and to the Engineer 
in Charge of the district in which the station is lo¬ 
cated, stating the nature of the emergency and the 
use to which the station is being put, and 

(b) That the emergency use of the station shall 
be discontinued as soon as substantially normal 
communication facilities are again available, and 

(r) That the Commission at Washington, D. C. 
and the Engineer in Charge shall be notified im¬ 
mediately when such special use of the station is 
terminated: provided further, 

(d) That in no event shall any station engage in 
emergency transmission on frequencies other than, 
or with power in excess of, that specified in the in¬ 
strument of authorization or as otherwise expressly 
provided by the Commission, or by law, and pro¬ 
vided further, 

(r) That the Commission may, at any time, 
order the discontinuance of any such emergency 
communication undertaken under this section. 

RULES GOVERNING COMMERCIAL 
RADIO OPERATORS 

GENERAL 

§13.1 Licensed operators required.^* 2 ,«—Un¬ 
less otherwise specified by the Commission, the 
actual operation of any radio station for which a 

1 Wherever the term “license” is used generally to denote 
an authorization from the Commission, it includes both “li¬ 
cense,” “permit” and “authorization.” 

2 By Order No. 126, dated August 21, 1945, certain 
railroad employees were authorized to operate radio trans¬ 
mitting apparatus for use in connection with railroad 
operations without an operator’s license upon compliance by 
the affected employee and the employing railroad with the 
condition of the Commission’s order. 

8 By Commission Order No. 133, dated May 10, 1946, 
effective June 1, 1946, the Commission waived the require¬ 
ments for the operation of mobile or portable radio trans¬ 
mitting apparatus by a licensed operator in the Emergency, 
Miscellaneous, Railroad and Experimental Services (Parts 
5, 10, 11 and 16 of the Commission’s Rules) subject to 
certain conditions stated in the Order. Those provisions 
of Part 13 of the Commission’s Rules that are inconsistent 
with the provisions of Order No. 133 are suspended. 


Station license is required shall be carried on only 
by a licensed radio operator of the required class.'* 

§ 13.2 Classes of licenses.^ —The classes of 
commercial operator licenses issued by the Commis¬ 
sion are: 

(a) Commercial radiotelephone group: 

(1) Radiotelephone second-class operator li¬ 
cense. 

(2) Radiotelephone first-class operator license. 

(b) Commercial radiotelegraph group: 

(1) Radiotelegraph second-class operator li¬ 
cense. 

(2) Radiotelegraph first-class operator license. 

(c) Restricted commercial group: 

(1) Restricted radiotelephone operator permit. 

(2) Restricted radiotelegraph operator permit. 

§ 13.J Dual holding of licenses. —A person 
may not hold more than one radiotelegraph operator 
license (or restricted radiotelegraph permit) and 
one radiotelephone ojierator license (or restricted 
radiotelephone operator permit) at the same time. 

§ 13.4 Term of licenses. —Commercial oper¬ 
ator licenses are normally issued for a term of 5 
years from the date of issuance. 

§ 13.5 Eligibility for new license.— (a) Under 
the provisions of Section 303(1) of the Communi¬ 
cations Act of 1934, as amended. United States citi¬ 
zens who are found qualified by the Commission are 
the only persons to whom radio operator licenses 
may be issued. 

(b) Notwithstanding any other provisions of the 
Commission\s Rules, no person otherwise eligible 
shall l)e deemed to be eligible to be examined for or 
to receive a commercial radio operator license of 
any class, (1) whose commercial radio operator li¬ 
cense is under suspension or is involved in a sus¬ 
pension proceeding, or (2) who is involved in any 
pending litigation based on an alleged violation of 
the Communications Act of 1934, as amended. 

§ 13.6 Operator license, posting of. —The 
original license of each station operator shall be 
posted at the place where he is on duty, except as 
otherwise provided in this Part of the rules or in 
the rules governing the class of station concerned. 

§ 13.7 Operators, place of duty. —(a) Except 
as may be provided in the rules governing a par¬ 
ticular class of station, one or more licensed radio 
operators of the grade specified by these rules and 
regulations shall be on duty at the place where the 
transmitting apparatus of each licensed radio sta- 

4 See section 13,61. 

6 By Order No. 136, the Commission cancelled Order No. 
97 effective June 30, 1946, provided however, that all 
Temporary Limited Radiotelegraph Second Class Operator 
Licenses outstanding at time of cancellation shall remain 
valid according to the respective terms thereof. 
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tion is located and in actual chargee thereof when¬ 
ever it is being operated; Provided, however, That: 
(1) Subject to the provisions of paragraph (h) of 
this section, in the case of a station licensed for 
service other than broadcast, where remote control 
of the transmitting apparatus has been authorized 
to be used, the Commission may modify the fore¬ 
going requirements upon proper application and 
showing being made so that such operator or op¬ 
erators may be on duty at the control point in lieu 
of the place where the transmitting apparatus is 
located. (2) In the case of two or more stations, 
except amateur and broadcast, licensed in the name 
of the same person to use frequencies above 30 
megacycles only, a licensed radio operator holding 
a valid radiotelegraph or radiotelephone first- or 
second-class license who has the station within his 
effective control may be on duty at any point within 
the communication range of such stations in lieu of 
the transmitter location or control point during the 
actual operation of the transmitting apparatus and 
shall supervise the emissions of all such stations so 
as to insure the proper operation in accordance with 
the station license. 

(fo) An operator may be on duty at a remote 
control point in lieu of the location of the trans¬ 
mitting apparatus in accordance with the provisions 
of paragraph (cr)(l) of this section, provided, that 
all of the following conditions are met: (1) The 
transmitter shall be so installed and protected that 
it is not accessible to other than duly authorized 
persons. (2) The emissions of the transmitter 
shall be continuously monitored at the control point 
by a licensed operator of the grade specified for the 
class of station involved. (3) Provision .shall be 
made so that the transmitter can quickly and with¬ 
out delay be placed in an inoperative condition by 
the operator at the control point in the event there 
is a deviation from-the terms of the station license. 
(4) The radiation of the transmitter shall be sus¬ 
pended immediately when there is a deviation from 
the terms of the station license. 

APPLICATIONS 

§ 13.11 Procedure. —(a) General .—The appli¬ 
cation in the prescribed form and including all re¬ 
quired subsidiary forms and documents, properly 
completed and signed shall be submitted in person 
or by mail to the office at which the applicant desires 
his application to be considered and acted upon, 
which office will make the final arrangements for 
conducting any required examination. If the appli¬ 
cation is for renewal of license, it must be submitted 
during the last year of the license term, and if all 
prescribed service requirements are fulfilled,^ the 
renewal license may be issued by mail. A renewal 
application shall also be accompanied by the license 
to be renewed. 

7 See .section 13.28. 


(b) Restricted rcuiiotelephone operator permit .— 
No oral or written examination is required for this 
permit. If the application is properly completed 
and signed, and if the applicant is found to be quali¬ 
fied, the permit may be issued forthwith by personal 
delivery to the applicant or by mail. 

§ 13.12 Special provisions, radiotelegraph first 
class. —An api)licant for the radiotelegraph first- 
class operator license must be at least 21 years of 
age at the time the license is issued and shall have 
had an aggregate of 1 year of satisfactory service 
as a radiotelegraph operator manipulating the key 
of a manually operated radiotelegraph station on 
board a ship or in a manually operated coastal tele¬ 
graph station. 

EXAMINATIONS 

§ 13.21 Examination elements. —Written ex¬ 
aminations will comprise questions from one or 
more of the following examination elements: 

1. Basic law. —Provisions of law and regulation 
with which every operator should be familiar. 

2. Basic theory and practice. —Technical matters 
appropriate for every class of license except re¬ 
stricted radiotelephone operator permit. 

3. Radiotelephone. —Additional matters, both legal 
and technical, including radiotelephone theory and 
practice. 

4. Advanced radioiclcphone. —Theory and prac¬ 
tice applicable to broadcast station operatioti. 

5. Radiotelegraph. —Additional matters, both legal 
and technical, including radiotelegraph theory and 
practice. 

6. Advanced radiotelegraph. —Radiotelegraph 
theory and practice of wider scope, particularly with 
respect to .ship radio matters (direction finders, .ship 
radiotelephone stations, spark transmitters, etc.). 

7. Airc7'aft radiotelegraph .—Basic theory and 
practice in the operation of radio communication 
and radio navigational systems in general use on 
aircraft. 

§ 13.22 Examination requirements. —Appli¬ 
cants for original licenses will be required to pass 
examinations as follows: 

(c) Radiotelephone second-class operator license: 

(1) Ability to transmit and receive spoken 
messages in English. 

(2) Written examination elements: 1, 2, and 3. 
(&) Radiotelephone first-class operator license: 

(1) Ability to transmit and receive spoken 
messages in English. 

(2) Written examination elements: 1, 2, 3, 
and 4. 

(c) Radiotelegraph second-class operator license: 

(1) Ability to transmit and receive spoken 
messages in English. 

(2) Transmitting and receiving code test of 
sixteen (16) code groups per minute. 
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(3) Written examination elements: 1, 2, 5, 
and 6. 

(d) Radiotelegraph first-class operator license: 

(1) Ability to transmit and receive spoken 
messages in English. 

(2) Transmitting and receiving code test of 
twenty-five (25) words per minute plain language 
and twenty (20) code groups per minute. 

(3) Written examination elements: 1, 2, 5, 
and 6. 

(r) Restricted radiotelephone operator permit: 
No oral or written examination is required for this 
permit. In lieu thereof, applicants will be required 
to certify in writing to a declaration which states 
that the applicant has need for the requested permit; 
can receive and transmit spoken messages in Eng¬ 
lish ; can keep at least a rough written log in English 
or in some other language in general use that can 
be readily translated into English; is familiar with 
the provisions of treaties, laws and rules and regu¬ 
lations governing the authority granted under the 
requested permit; and understands that it is his 
responsibility to keep currently familiar with all 
such provisions. 

(/) Restricted radiotelegraph operator permit: 

(1) Transmitting and receiving code text of 
sixteen (16) code groups per minute. 

(2) Written examination elements: 1, 2, and 5. 

§ 13.23 Form of writing. —Written examina¬ 
tion shall be in English and shall be written by the 
applicant in longhand in ink, except that diagrams 
may be in pencil. 

§ 13.24 Passing mark.—A passing mark of 75 
percent of a possible 100 percent will be required 
on each element of a written examination. 

§ 13.25 New class, additional requirements.— 
The holder of a license, who applies for another 
class of license, will be required to pass only the 
added examination elements for the new class of 
license. However, no person holding a new, dupli¬ 
cate, or replacement restricted radiotelephone oper¬ 
ator permit issued upon the basis of a declaration, 
or a renewed restricted radiotelephone operator per¬ 
mit which renews a permit issued upon the basis of 
a declaration, shall, by reason of the declaration or 
the issuance of the permit based thereon, be relieved 
of qualifying by examination on any phase of the 
subject matter of the declaration when applying for 
any other operator license or permit for which ex¬ 
amination on any subject matter is required. 

§ 13.26 Canceling and issuing new licenses.— 
If the holder of a license qualifies for a higher class 
in the same group, the license held will be canceled 
upon the issuance of the new license. Similarly, if 
the holder of a restricted operator permit qualifies 
for a first- or second-class operator license of the 
corresponding type, the permit held will be canceled 
upon issuance of the new license. 


§ 13.27 Eligibility for reexamination. —An ap¬ 
plicant for fails an examination element will be 
ineligible for 2 months ® to take an examination 
for any class of license requiring that element. 
Examination elements will be graded in the order 
listed,** and an applicant may, without further appli¬ 
cation, be issued the class of license for which he 
qualifies. 

§ 13.28 Renewal service requirements, renewal 
examinations, and exceptions. —A restricted 
radiotelephone operator permit or an aircraft radio¬ 
telephone operator authorization is not renewable 
but must always be obtained as a new permit or 
authorization in each instance. A license of any 
other class may be renewed without examination 
provided that the service record on the reverse side 
of the license shows at least two years of satis¬ 
factory service iii the aggregate during the license 
term and while actually employed as a radio oper¬ 
ator under that license. If this two year renewal 
service requireincMit is not fulfilled, but the service 
record shows at least one year of satisfactory service 
in the aggregate during the last three years of the 
license term and while actually employed as a radio 
operator under that license, the Iicen.se may be re¬ 
newed upon the successful completion of a renewal 
examination, which may be taken at any time during 
the final year of the license term or during a one 
year period of grace after the date of expiration *** 
of the license sought to be renewed, d'he renewal 
examination will consist of the highest numbered 
examination element normally required for a new 
license of the class sought to be renewed, plus the 
code test (if any) required for such a new license. 
If the renewal examination is not successfully com¬ 
pleted before expiration of the aforementioned one 
year period of grace, the license will not be renewed 
on any basis. 

CODE TESTS 

§ 13.41 Transmitting speed requirements.— 

An applicant is required to transmit correctly in 
the International Morse code for 1 minute at the 
rate of speed prescribed in this part for the cla.ss of 
license desired. 

§ 13.42 Transmitting test procedure. —Trans¬ 
mitting tests shall be performed by the use of the 
conventional Morse key except that a semi-automatic 
key, if furnished by the applicant, may be used in 
transmitting code tests of 25 words per minute. 

B A month after date is the same day of the following 
month, or if there is no such day, the last day of such month. 
This principle applies for other periods. For example, in 
the case of the 2-inonth period to which this note refers, 
an applicant examined December 1 may be reexamined h>b- 
ruary 1, and an applicant examined December 29, 30, or 
31 may be reexamined the last day of February, while one 
examined February 28 may be reexamined April 28. 

0 See section 13.21. 

10 With respect to licenses which expired between July 1, 
1948, and September 1, 1949, the renewal examination 
(where r^uired) may be taken during a period of one year 
commencing on September 1, 1949, and ending with Au¬ 
gust 31, 1950. 
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§ 13.43 Receiving speed requirements. —An 

applicant is required to receive the International 
Morse code by ear, and legibly transcribe, consecu¬ 
tive words or code groups for a period of 1 minute 
without error at the rate of speed specified in the 
rules for the class of license for which the applica¬ 
tion is made. 

§ 13.44 Receiving test procedure. —Receiving 
code tests shall be written in longhand either in ink 
or pencil except that in the case of the 25 words 
per minute code test a typewriter may be used when 
furnished by the applicant. 

§ 13.45 Computing word or code groups.— 
Each five characters shall be counted as one word 
or code group. Punctuation marks or figures count 
as two characters. 

SCOPE OF AUTHORITY 

§ 13.61 Operating authority. —The various 
classes of commercial radio operator licenses issued 
by the Commission authorize the holders thereof to 
operate radio stations, except amateur, as follows: 

(a) Radiotelegraph first-class operator license. — 
Any station except— 

(1) Stations transmitting television, or 

(2) Any of the various classes of broadcast sta¬ 
tions other than remote pickup and ST broadcast 
stations, or 

(3) On a cargo vessel (other than a vessel op¬ 
erated exclusively on the Great Lakes) required by 
treaty or statute to be ecjuippcd with a radiotele¬ 
graph installation, the holder of this class of license 
may not act as chief or sole operator until he has 
had at least 6 months’ satisfactory service in the 
aggregate as a (jualified radiotelegraph operator in 
a station on board a ship or ships of the United 
States. 

(4) On an aircraft employing radiotelegraphy, 
the holder of this class of license may not operate 
the radiotelegraph station during the course of nor¬ 
mal rendition of service unless he has satisfactorily 
completed a supplementary examination qualifying 
him for that duty, or unless he has served satisfac¬ 
torily as chief or sole radio operator on an aircraft 
employing radiotelegraph prior to February 15,1950. 
The supplementary examination shall consist of: 

(i) Written examination element: 7 

(b) Radiotelegraph second-class operator license. 
—^Any station except— 

(1) Stations transmitting television, or 

(2) Any of the various classes of broadcast sta¬ 
tions other than remote pickup and ST broadcast 
stations, or 

For temporary authority granted holders of valid first 
and second class operator licenses, either radiotelephone or 
radiotelegraph, to perform adjustments, servicing and main¬ 
tenance of ship radar stations licensed in the Ship Service, 
see footnote 71, S 8.195, of the Commission’s rules govern¬ 
ing ship service. 


(3) On a passenger vessel required by treaty 
or statute to maintain a continuous radio watch by 
operators or on a vessel having continuous hours of 
service for public correspondence, the holder of this 
class of license may not act as chief operator, or 

(4) On a vessel (other than a vessel operated 
exclusively on the Great Lakes) required by treaty 
or statute to be equipped with a radiotelegraph in¬ 
stallation, the holder of this class of license may not 
act as chief or sole operator until he has had at 
least 6 months’ satisfactory service in the aggregate 
as a qualified radiotelegraph operator in a station 
on board a ship or ships of the United States. 

(5) On an aircraft employing radiotelegraph, the 
holder of this class of license may not operate the 
radiotelegraph station during the course of normal 
rendition of service unless he is at least eighteen 
(18) years of age and has satisfactorily completed 
a supplementary examination qualifying him for 
that duty, or unless he has served satisfactorily as 
chief or sole radio operator on an aircraft employ¬ 
ing radiotelegraphy prior to February 15, 1950. 
The supplementary examination shall consist of: 

(i) Transmitting and receiving code test at twenty- 
five (25) words per minute plain language and 
twenty (20) code groups per minute. 

(ii) Written examination element: 7 

(c) Restricted radiotelegraph operator permit .— 
Any station except— 

(1) Stations transmitting television, or 

(2) Any of the various classes of broadcast sta¬ 
tions other than remote pickup and ST broadcast 
stations, or 

(3) Ship stations licensed to use telephony for 
communication with coastal telephone stations, or 

(4) Radiotelegraph stations on board a vessel 
required hy treaty or statute to be equipped with a 
radio installation, or 

(5) Ship telegraph, coastal telegraph or marine- 
relay stations open to public correspondence, or 

(6) Aircraft radio stations while employing 
radiotelegraphy; 

Provided, That in the case of equipment designed 
for and using telephone or facsimile transmissions: 
(1) Such operator is prohibited from making ad¬ 
justments that may result in improper transmitter 
operation, and (2) the equipment is so designed 
that none of the operations necessary to be per¬ 
formed during the course of normal rendition of 
service may cause ofif-frequency operation or re¬ 
sult in any unauthorized radiation, and (3) any 
needed adjustments of the transmitter which may 
aflfect proper operation of the station are regularly 
made by or in the presence of an operator holding 
a first- or second-class license, either radiotelephone 
or radiotelegraph, who shall be responsible for the 
proper operation of the equipment. 

12 A ship shall be considered a passenger ship if it carries 
or is licensed or certificated to carry more than 12 pas¬ 
sengers. A cargo ship means any ship not a passenger ship. 
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(d) Radiotelephone first-class operator license ,— 
Any station except— 

(1) Stations transmitting telegraphy by any type 
of the Morse Code, or 

(2) Ship stations licensed to use telephony and 
power in excess of 100 watts for communication 
with coastal telephone stations. 

(c) Radiotelephone second-class operator license, 
—Any station except— 

(1) Stations transmitting telegraphy by any type 
of the Mor.se Code, or 

(2) Standard broadcast stations, or 

(3) International broadca.st stations, or 

(4) FM broadcast stations, or 

(5) Non-commercial educational FM broadcast 
stations with transmitter power rating in excess of 
1 kilowatt, or 

(6) I'elevision broadcast stations licensed for 
commercial operation, or 

(7) Ship stations licensed to use telephony and 
power in excess of 100 watts for communication 
with coastal telephone stations. 

(/) Restricted radiotelephone operator permit .— 
Any station except— 

(1) Stations tran.smitting television, or 

(2) Stations transmitting telegraphy by any type 
of the Morse Code, or 

(3) Any of the various classes of broadcast sta¬ 
tions other than remote pickup and ST broadcast 
.stations, or 

(4) Coastal telephone stations or coastal harbor 
stations other than in the Territory of Alaska, or 

(5) Ship stations licensed to use telephony for 
communication with coastal telephone stations; 

Provided, That, (1) Such operator is prohibited 
from making any adjustments that may result in 
improper transmitter operation, and (2) the equip¬ 
ment is so designed that none of the operations 
necessary to be performed during the course of nor¬ 
mal rendition of service may cause off-frequency 
operation or result in any unauthorized radiation, 
and (3) any needed adjustments of the transmitter 
that may affect the proper operation of the station 
are regularly made by or in the presence of an op¬ 
erator holding a fir.sl- or second-class licen.se, cither 
radiotelephone or radiotelegraph, who shall be re¬ 
sponsible for the proper operation of the equipment. 

§ 13.62 Special privileges. —In addition to the 
operating authority granted under § 13.61, the fol¬ 
lowing special privileges are granted the holders of 
commercial radio operator licenses: 

(a) The holder of any class of commercial radio 
operator license may operate any station in the ex¬ 
perimental service while using frequencies solely 
above 300 megacycles. 

{h) The holder of any class of radiotelephone 
operator license, whose license authorizes him to 
operate a station while transmitting telephony, may 
operate the same station when tran.smitting on the 


same frequencies, any type of telegraphy under tlie 
following conditions: 

(1) When transmitting telegraphy by automatic 
means for identification, for testing, or for actuat¬ 
ing an automatic selective signaling device, or 

(2) When properly serving as a relay station 
and for that purpose retransmitting by automatic 
means, solely on frequencies above 50 megacycles, 
the signals of a radiotelegraph station, or 

(3) When transmitting telegraphy as an inci¬ 
dental part of a program intended to be received by 
the general public, either directly or through the 
intermediary of a relay station or stations. 

§ 13.63 Operator’s responsibility. —The licensed 
operator responsible for the maintenance of a trans¬ 
mitter may pcniiit other persons to adjust a trans¬ 
mitter in his prc.sence for the purpose of carrying 
out te.sts or making adjustments recpiiring special¬ 
ized knowledge or skill, provided that he shall not 
be relieverl thereby from responsibility for the 
proper o])eration of the c(iuipment. 

§ 13.64 Obedience to lawful orders. —All li¬ 
censed ladio ojjerators .shall obey and carry out the 
lawful orders of the master or persoti lawfully in 
charge of the ship or aircraft on which they are 
employed. 

§ 13.65 Damage to apparatus. —No licensed 
radio operator shall willfully damage, or cause or 
permit to be damaged, any radio apparatus or instal¬ 
lation in any licensed radio station. 

§ 13.66 Unnecessary, unidentified, or super¬ 
fluous communications. —No licensed radio oj)er- 
ator shall transmit unneces.sary, unidentified, or 
superfluous radio communications or signals. 

§ 13.67 Obscenity, indecency, profanity.—No 
licensed radio operator or other person shall trans¬ 
mit communications containing obscene, indecent, 
or profane words, language, or meaning. 

§ 13.68 False signals. —No licensed radio oper¬ 
ator shall transmit false or deceptive signals or 
comunications by radio, or any call letter or sign.'d 
which has not been assigned by proper authority to 
the radio station he is operating. 

§13.69 Interference. —No licensed radio oper¬ 
ator shall willfully or maliciously interfere with or 
cause interference to any radio communication or 
signal. 

§ 13.70 Fraudulent licenses. —No licensed ra¬ 
dio operator or other person shall obtain or attempt 
to obtain, or assist another to obtain, an operator’s 
license by fraudulent means. 

MISCELLANEOUS 

§ 13.71 Issue of duplicate or replacement li¬ 
censes. —(a) An operator whose license, permit or 
authorization has been lost, mutilated or destroyed 
shall immediately notify the Commission. A prop¬ 
erly executed application for duplicate should be 
submitted to the office of issue, embodying a state¬ 
ment of the circumstances involved in the loss, 
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mutilation or destruction of the license or permit 
for which a duplicate is desired. If the license or 
permit has been lost, the applicant must state that 
reasonable search has been made for it, and further, 
that in the event it be found either the original or 
the duplicate will be returned for cancellation. The 
applicant should also submit documentary evidence 
of the service that has been obtained under the 
original license or permit, or a statement under 
oath or affirmation embodying that information. 

(b) The holder of any license, permit or authori¬ 
zation whose name is legally changed may make ap¬ 
plication for replacement document to indicate the 
new legal name, by submitting a properly executed 
application to the office of issue, accompanied by the 
license, permit or authorization affected and by 
documentary evidence of the legality of the name 
change. 

§ 13.72 Exhibiting signed copy of application. 

—When a duplicate or replacement operator license 
or permit has been requested, or request has been 
made for renewal upon service or for an endorse¬ 
ment or a verification card, the operator shall ex¬ 
hibit in lieu of the original document a signed copy 
of the application which has been submitted by him. 

§ 13.73 Verification card. —The holder of an 
operator license or permit of the diploma form 
(as distinguished from such document of the card 
form) may, by filing a properly executed applica¬ 
tion accompanied by his license or permit, obtain a 
verification card.^-* This card may be carried on 
the person of the operator in lieu of the original 
license or permit when operating any station at 
which posting of an operator license is not re¬ 
quired: Provided, That the license is readily ac¬ 
cessible within a reasonable time for inspection 
upon demand by an authorized Government repre¬ 
sentative. 

§ 13.74 Posting requirements for operator.— 

(a) Performing duties other than, or in addition 
to, service or maintenance, at two or more stations. 
The holder of any class of radio operator license or 
permit of the diploma form (as distinguished from 
the card form) who performs any radio operating 
duties, as contrasted with but not necessarily exclu¬ 
sive of service or maintenance duties, at two or 
more stations at which posting of his license or 
permit is required shall post at one such station his 
operator license or permit and shall post at all 
other such stations a duly issued verified statement.^^ 

(b) Performing service or maintenance duties 
at one or more stations. The holder of a radio¬ 
telephone or radiotelegraph first- or second-class 
radio operator license who performs, or supervises, 
and is responsible for service or maintenance work 
on any transmitter of any station for which a sta¬ 
tion license is required, shall post his license at the 
transmitter involved whenever the transmitter is in 

18 Form 758-F. 

14 Form 759. 


actual operation while service or maintenance work 
is being performed: Provided, That in lieu of post¬ 
ing his license, he may have on his person either his 
license or a verification card.^^ And provided fur¬ 
ther, That if he performs operating duties in addi¬ 
tion to service or maintenance duties he shall, in 
lieu of complying with the foregoing provisions of 
this paragraph, comply with the posting require¬ 
ments applicable to persons performing such op¬ 
erating duties, as set forth in paragraph (a) of 
this section, and in the rules and regulations appli¬ 
cable to each service. 

§ 13.75 Record of service and maintenance 
duties performed. —In every case where a sta¬ 
tion log or service and maintenance records are re¬ 
quired to be kept and where service or maintenance 
duties are performed which may affect the proper 
operation of a station, the responsible operator shall 
sign and date an entry in the log of the station con¬ 
cerned, or in the station maintenance records if no 
log is required, giving: 

(a) Pertinent details of all service and main¬ 
tenance work performed by him or under his super¬ 
vision ; 

{b) His name and address; and 

(c) The class, serial number and expiration date 
of his license; 

Provided, That the responsible operator shall not 
be subject to requirements {b) and (c) of this sec¬ 
tion in relation to a station, or stations of one li¬ 
cense at a single location, at which he is regularly 
employed as an operator on a full time basis and at 
which his license is properly posted. 

SERVICE 

§ 13.91 Endorsement of service record. —A 

station licensee, or his duly authorized agent, or the 
master of a ves.sel acting as the agent of a licetisee, 
.shall endorse the service record api)earing on said 
operator license, showing the call letters and types 
of emission of the station operated, the nature and 
period of employment, and quality of performance 
of duty. 

§ 13.92 Aviation service endorsement.-— If the 

operator has operated more than three stations in 
the aviation service, the service may be shown by 
giving the name of the aviation chain or company 
in lieu of listing the call letters of the several 
stations. 

§ 13,93 Service acceptability. —Credit will be 
allowed only for satisfactory service obtained under 
conditions that required the employment of licensed 
operators, or when obtained at United States Gov¬ 
ernment stations, 

§ 13.94 Statement in lieu of service endorse¬ 
ment. —The holder of a radiotelegraph license or 
a restricted radiotelegraph operator permit desiring 
an endorsement to be placed thereon attesting to an 
aggregate of at least 6 months* satisfactory service 
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as a qualified operator on a vessel of the United 
States, may, in the event documentary evidence can¬ 
not be produced, submit to any office of the Com¬ 
mission a statement under oath accompanied by the 
license to be endorsed, embodying the following: 

(fl) Names of ships at which employed; 

(b) Call letters of stations: 

(c) Types of emission used; 

(d) Type of service performed as follows: 

(1) Manual radiotelegraph operation only; and 

(2) Transmitter control only; or 

(3) Combination of (1) and (2) running 
concurrently; 

(c) Whether service was satisfactory or un- 
j>atis factory; 

(/) Period of employment; 

(g) Name of master, employer, licensee, or his 
July authorized agent. 

Commercial Radio Operators Examination 
Procedure —The examination for radio operators 
license of various classes, as defined in Rules gov¬ 
erning commercial operators as explained in Chapter 
20, is divided into seven elements. Each element, 
except Element one (1), comprises 10 or 20 pages 
of five questions each, totaling 50 or 100 questions. 
No credit is allowTd if a question is unanswered, or 
if more than one solution is given hy the applicant, 
or if a solution is only partially correct. 

In all computations a slide rule may be used, and 
normal slide-rule accuracy in the solutions will be 
accepted. The scope of the examinations is not 
such as to require a slide rule but one may use it in 
solving a problem to gain time and obviate the use 
of side paper. All paper for writing examinations 
is furnished. Books or other reference material arc 
not permitted to be held in the possession of the 
applicant while writing the examination. All work 
performed or side paper must be turned in with the 
other material associated with the examination. 

The examination questions in Element 1 are de¬ 
voted to the Communications Act of 1934, The In¬ 
ternational Radio Regulations (Cairo Revision, as 
shown in Chapter 20) and the Rules and Regula¬ 
tions of the Federal Communications Commission 
(Chapter 20). 

The questions comprising the Elements 2 to 7, 
inclusive, are of the multiple choice and hence do 
not require or permit an essay or explanatory type 
of answer. The applicant must select the one and 
only one answer that he considers the correct answer 
to the question. The applicant may find (jnestions 
in the examination that require a simple mathemati¬ 
cal problem, hence the use of slide rule may be 
helpful. Also, the applicant may be required to 
draw a simple diagram of some fundamental radio 
circuit, complete a diagram, or make corrections to 
an incorrect hook-up. In making corrections, any 
connection which is eliminated must be crossed out 


by means of a wavy line or by short diagonal cross- 
lines. 

The following is a sample of a multiple choice 
question similar to those emplciyed in the commercial 
operators examination: 

A Hexode tube has: 

1. A cold cathode 

2. Five elements 

3. Six elements 

4. Six grids 

5. Two plates. 

.3 

Applicants preparing for the commercial oper¬ 
ators examination should obtain a copy of the book¬ 
let entitled, “Study Guide and Reference Material 
for Commercial Radio Operator Examination," 
which can be piocured from the Superintendent of 
Documents, Washington, D. C., at a cost of twenty- 
five ceiit.^. 

Examinations are conducted by field representa¬ 
tives of the C'ommission at their headquarters and 
many examining points throughout the nation on 
schedule. Arrangements for examination may be 
completed by corresponding with the nearest field 
office to the applicant or by writing the Secretary, 
Federal Communications ( ommission, Washington, 
D. C. 

RULES GOVERNING SHIP SERVICE 

DEFINITIONS 

The following definitions shall apjily to the pro¬ 
visions of this part: 

AUTHORITY 

§8.1 Communications Act. —The term “Com¬ 
munications Act" means the Communications Act 
of 1934, as amended. 

§8.2 Ship Act.—The term ‘^Ship Act” means 
the act approved June 24, 1910, as amended, requir¬ 
ing apparatus and operators for radio communica¬ 
tion on certain Great Lakes steamers. 

§8.3 Conventions. —(a) The term “Safety 
Convention” means the International Convention 
for the Safety of Life at Sea in force and the 
regulations referred to therein. 

(b) The term “International General Radio Reg¬ 
ulations” means the General Radio Regulations of 
Cairo, 1938, annexed to the International Telecom¬ 
munications Convention of Madrid, 1932. 

§8.4 Commission. —The term “Commission” 
means the Federal Communications Commission. 

§ 8.5 Standards of Good Engineering Practice 
for Ship Stations. —The term “Standards of Good 
Engineering Practice for Ship Stations" as used in 
this part means a supplemental publication bearing 

1 ® The International Convention for the Safety of Life 
at Sea, London, 1929, became effective for the United 
States on November 7. 1936. 
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this title as approved and promulgated by the 
Commission. 

CKKT1FICATE8 

§8.6 Exemption certificate. —The term “Ex¬ 
emption Certificate” means a certificate issued to a 
ship which is granted exemption from applicable 
provisions of the Safety Convention.^® 

§8.7 Safety certificate. —The term “Safety 
Certificate” means a certificate issued upon applica¬ 
tion, after inspection and survey by proper authori¬ 
ties, to a passenger ship which complies in an effi¬ 
cient manner with the requirements of the Safety 
Convention.^® 

§ 8.8 Safety radiotelegraphy certificate. —The 

term “Safety Radiotelegraphy Certificate” means a 
certificate issued upon application, after inspection 
by proper authorities, to any ship, other than a pas¬ 
senger ship, which complies in an efficient manner 
with the requirements of the Safety Convention.’® 

INSTALLATIONS 

§8.9 Main installation. —The term “main in¬ 
stallation” means a radio installation on board a 
vessel, including a main transmitter and a main re¬ 
ceiver, capable of being used for transmitting and 
receiving signals to and from other stations in the 
maritime mobile service; independent of the emer¬ 
gency or reserve installation on a passenger or cargo 
ship; or under specified conditions independent of 
the emergency power supply on a cargo ship. 

§8.10 Emergency or reserve installation.— 
The term “emergency or reserve installation” or 
“emergency installation” means a radio installation 
on board a vessel, including an emergency trans¬ 
mitter, an emergency receiver, emergency electric 
lights and an emergency power supply, capable of 
being used for transmitting and receiving signals to 
and from other stations in the maritime mobile 
service when energized solely by the emergency 
power supply. 

§8.11 Emergency power supply. —The term 
“emergency power supply” means an immediately 
available source or sources of power on board a 
ship, independent of the propelling power of the 
ship and any other electrical system, capable of 
simultaneously energizing all components of the 
emergency or reserve installation. 

§8.12 Direction finder. —The term “direction 
finder” means a radio receiving device which per¬ 
mits determination of the line of travel of radio 
waves at the point of reception. 

§8.13 Energize. —The term “energize,” as ap¬ 
plied in these regulations, to transmitters, receivers, 
and other component equipment of ship radio instal¬ 
lations, means to supply with power as necessary to 
provide normal and effective operation of this 
equipment. 

See sec. 354 (a) of the Communications Act. 


TRANSMITTERS 

§8.14 Emergency transmitter. —The term 
“emergency transmitter” means a transmitter im¬ 
mediately available in a ship station for emergency 
communication and capable of being energized solely 
by the emergency power supply. 

§8.15 Main transmitter.*— The term “main 
transmitter” means a radio transmitter regularly 
available in a ship station for routine communication 
which ordinarily is energized by a source of power 
other than the emergency power supply. 

RECEIVERS 

§8.16 Automatic alarm receiver. —^The term 
“automatic alarm receiver” means a complete re¬ 
ceiving, selecting, and warning device capable of 
being actuated automatically by intercepted radio¬ 
frequency waves forming the international auto¬ 
matic alarm signal, as this signal is specified by the 
International General Radio Regulations. 

§8.17 Direction finder receiver. —The term 
“direction finder receiver” means a receiver which 
is a component of a radio direction finder. 

§8.18 Emergency receiver. —The term “emer¬ 
gency receiver” means a receiver immediately avail¬ 
able in a ship station for emergency communication 
and capable of being energized solely by the emer¬ 
gency power supply. 

§8.19 Main receiver. —The term “main re¬ 
ceiver” means a receiver regularly available in a 
ship station for routine communication which ordi- 
marily is energized by a source of power other than 
the emergency power supply. 

SERVICE OF A SHIP STATION 

§ 8.20 Maritime mobile service.’^ —The general 
term “maritime mobile service” means a radio serv¬ 
ice carried on between maritime mobile stations 
and land stations, and by maritime mobile stations 
communicating among themselves. 

§8.21 Ship service.’^ —The term “ship service” 
means a radio communication service of public cor¬ 
respondence carried on between ship stations and 
coastal stations or between ship stations and mari¬ 
time mobile stations. 

§8.22 Antenna resistance. —“Antenna resist¬ 
ance” means the total resistance of the transmitting 
antenna system at the operating frequency and at 
the point at which the antenna current is measured. 

§8.23 Final radio stage.— “Final radio stage” 
means the oscillator or radio-frequency-power am¬ 
plifier stage which supplies power to the antenna. 

§8.24 Emergency communication. —The term 
“emergency communication” with respect to ship 
stations means the transmission or reception of dis¬ 
tress, alarm, urgent, or safety signals, or messages 
relating thereto, or any matter relating to the safety 
of life or property, or occasional operation of equip- 

17 The term does not apply to the use of radar installa¬ 
tions on board ship except where radar is specifically 
mentioned. 
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ment for determining whether or not the radio in¬ 
stallation is in good working condition. 

§ 8.25 Routine communication. —The term 
“routine communication” with respect to ship sta¬ 
tions means all operation authorized for such sta¬ 
tions which is not included in tlie definition of 
“emergency communication.” 

§ 8.26 Hours of service. —The term “hours of 
service” or “duration of service” means the time 
during which a ship station is held open for the 
exchange of message traffic with other stations in 
the maritime mobile service. 

STATIONS 

§ 8.27 Ship station. —The term “ship station” 
means a radio station licensed for ship service which 
is located on board a ship actually afloat and not 
permanently moored. 

§ 8.28 Ship telegraph station.—Tlie term “ship 
telegraph station” means a ship station licensed to 
use, and capable of using, type A-1, A-2, or B 
emission. 

§8.29 Ship telephone station. —The term 
“ship telephone station” means a .ship station li¬ 
censed to use, and capable of using, type A~3 emis¬ 
sion for speech transmission. 

§8.30 Maritime mobile station. —The general 
term “maritime mobile station” means a ship station, 
or an aircraft station at sea. 

MIHCEI.I.ANKOITS 

§ 8.31 Radio watch. —The term “radio watch” 
or “watch” means the service performed by a quali¬ 
fied operator when on duty in the radio room of a 
vessel listening for signals of other stations on the 
international calling and distress frequency, 500 
kilocycles, and at all other times when such operator, 
in conformity with the International General Radio 
Regulations and subject to authority of the master, 
is engaged in transmitting or receiving signals or 
messages on any authorized frequency, to or from 
any station in the maritime mobile service, or in 
receiving from any station time signals, weather 
reports, hydrographic reports, reports regarding 
aids to navigation, authorized press material, or 
information regarding the safety of life or property 
at sea. 

§ 8.32 Day operation. —For the purpose of 
this part, where the word “day” occurs in reference 
to a specific frequency or to a specific operating 
power, such use of the word shall be construed to 
mean that period of time included between two 
hours after local sunrise and two hours before 
local sunset. 

§ 8.33 Automatic-alarm-signal keying device. 

—The term “automatic-alarm-signal keying device” 
means a device capable of automatically keying the 
radiotelegraph transmitter(s) on board a ship so 

Type B emission is not authorized for ship stations of 
United States registry, except in case of distress. See sec. 
8 . 80 . 


as to transmit the international automatic-alarm 
signal, as this signal is specified by the International 
General Radio Regulations. 

SCOPE OF SHIP SERVICE 

§ 8.35 Scope of ship service. —(a) In addition 
to signals, communications and messages relating to 
the safety of life and property at sea and the safety 
of navigation, a ship station shall, within the scope 
of its normal operations, without discrimination 
and upon reasonable demand, transmit any messages 
which originate with passengers or members of the 
crew on board that relate solely to the personal or 
business affairs of those on board or to the Imsiness 
of the particular ship as a medium of transportation 
or as a carrier of passengers or goods. Other 
communications, except as provided in subsection 
(c) of this section, may be transmitted only in ac¬ 
cordance with special authority granted by the 
Commission. 

(fe) A ship station shall, within the scope of its 
normal operations and without discrimination, ac¬ 
knowledge all calls directed to it and receive from 
maritime mobile .stations and from public coastal 
.stations all messages and communications which are 
addressed to the ship or to any person(s) on board 
and which are for termination on such ship. 

(r) At the request of any other station in the 
maritime mobile .service, a ship station may, within 
the .scope of its normal operations, accept messages 
or communications from such station for retran.^- 
mission to any other station in the maritime mobile 
service. Whenever such messages or communica¬ 
tions have been received and acknowledged by a 
ship .station for this purpose, it .shall be incum!)ent 
upon that station to retransmit the message as di¬ 
rected with the least possible delay. 

{d) No charge shall be made for .ship service 
except by ship stations having tariffs duly filed with 
the Commission setting forth the charges for .such 
service. 

{e) Except as it may be regulated by law or in¬ 
ternational agreement or by rules of this Commis¬ 
sion, the radio .service of a .ship station shall be 
under the supreme control of the master, as provided 
in section 358 of the act. 

(/) Each ship .station shall be responsible for the 
payment of all charges accruing to any other station 
or facilities for the handling or forwarding of mes- 
.sages or communications transmitted by the ship 
station concerned. 

§8.36 Percentage modulation (amplitude).— 

“Percentage modulation” with respect to an ampli¬ 
tude modulated wave means the ratio of half the 
difference between the maximum and minimum 
amplitudes of the amplitude modulated wave to the 
average amplitude, expressed in percentage.^® 

10 In linear modulation the average amplitude of the en¬ 
velope is equal to the amplitude of the unmodulated wave, 
provided there is no zero-frequency component in the modu- 
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§8.37 Station licensee. —‘'Station licensee” 
means the holder of a radio station license. 

§ 8.38 Operator, place of duty. —One or more 
licensed operators of the grade specified by these 
rules and regulations shall be on duty at the place 
where the transmitting apparatus of each station is 
located and in actual charge thereof whenever it is 
being operated. 

§ 8.39 Maximum rated carrier power. —^“Maxi¬ 
mum rated carrier power” is the maximum power 
at which the transmitter can be operated satisfac¬ 
torily and is determined by the design of the trans¬ 
mitter and the type and number of vacuum tubes 
used in the final radio stage. 

§ 8.40 Plate input power. —“Plate input power” 
means the product of the direct plate voltage ap¬ 
plied to the tubes in the final radio stage and the 
total direct current flowing to the plates of these 
tubes, measured without modulation. 

OPERATING PROCEDURE 

§ 8.41 Interference to be minimized. —(a) Be¬ 
fore transmitting a ship station shall make sure that 
it will not produce harmful interference with com¬ 
munications being carried on within its range. If 
such interference is likely, the station shall wait 
until the existing communications, which it may 
disturb, have been concluded; with due regard, 
nevertheless, for the priority of communications 
designated by section 8.42. The transmission of 
unnecessary or superfluous communications is 
forbidden. 

(b) Whenever a radiocommunication is already 
in progress between two ship stations or between a 
ship and a coastal station and it appears to be inter¬ 
fered with by a subsequent transmission from an¬ 
other ship station, the latter must cease transmitting 
at the first request of either of the other two, except 
as priority may be otherwise determined by section 
8.42. The station ‘ requesting this cessation must 
indicate the approximate length of the wait imposed 
upon the ship station whose transmission is 
suspended. 

§ 8.42 Order of priority of communications.— 

The order of priority of radiotelegraph and radio¬ 
telephone communications in the maritime mobile 
service on any frequency used for this service shall 
he as follows : 

(a) Distress calls, distress messages, and distress 
traffic. 

lating signal wave (as in telephony). For modulating sig¬ 
nal waves having unequal positive and negative peaks, posi¬ 
tive and negative mcHlulation factors may be dedned as the 
ratios of the maximum departures (positive and negative) 
of the envelope from its average value, to its average value. 

20 A station licensee may hold more than one license. 
The provisions of any rules of the Commission imposing 
r^uirements on licensees shall be considered to apply only 
with respect to the particular class of station to which the 
rule relates unless the context otherwise clearly requires. 

21 “Distress,” “urgent,” and “safety” simals are de¬ 
scribed in art. 24 of the International General Radio 
Regulations. 


(b) Communications preceded by an urgent 
signal. 

(c) Communications preceded by a safety signal. 

(d) Communications relative to radio direction¬ 
finder bearings. 

(e) Government radiotelegrams for which pri¬ 
ority right has not been waived. 

(/) All other communications. 

§8.43 Mobile station in distress. —No provi¬ 
sion of these rules or of any regulations shall pre¬ 
vent a mobile station in distress from using any 
means available to it for drawing attention, signal¬ 
ling its position, and obtaining help. 

§8.44 Transmission of alarm signal. —When 
a distress call has been transmitted and was not pre¬ 
ceded by the international automatic alarm signal, 
a station in the maritime mobile service within the 
general vicinity of the station which transmitted the 
distress call, may transmit the alarm signal (using 
type A-2 or B emission) on the frequency 500 kilo¬ 
cycles upon authorization of the master or other 
person responsible for the station, provided every 
reasonable precaution is observed not to interfere 
with the acknowledgment of receipt of the distress 
call nor with distress traffic already in progress. 

§8.45 Repetition of distress call. —If a ship 
station has heard a distress call or distress message 
for which acknowledgment of receipt has not been 
given promptly, and the ship station itself is not in 
a position to render assistance, the ship station, 
subject to authority of the master, shall make every 
effort possible to attract the attention of any station 
in the maritime mobile service which appears to be 
in a position to render assistance, and for this pur¬ 
pose transmission of the distress call and distress 
message may be repeated on 500 and 8280 kilocycles 
and on such other frequencies as may be deemed 
necessary. The ship station, if authorized by the 
master, may transmit, for this purpose, the inter¬ 
national automatic alarm signal on the frcciuency 
500 kilocycles (using type A-2 or B emission) 
prior to repetition of the distress call and message. 
In the event tlie alarm signal is transmitted, a suffi¬ 
cient period of time to allow operators warned by 
the alarm signal to go on watch shall be observed 
after transmission of the alarm signal and before 
retransmission of the distress message. 

§ 8.46 Repetition of alarm signal. —A ship sta¬ 
tion intercepting an international automatic alarm 
signal which appears to be not duly effective by 
reason of improper timing, improper type of emis¬ 
sion, insufficient signal strength, interference, or ex¬ 
cessive deviation from 500 kilocycles, if authorized 
by the master, may repeat the transmission of this 
signal on the frequency 500 kilocycles (using type 
A-2 or B emission) to be followed by a repetition 
of the distress call and distress message provided all 
reasonable precaution is taken by such station not 
to interfere with acknowledgment of receipt of the 
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distress call nor with distress traffic already in 
progress. 

§ 8.47 Limitations relative to A-2 emission.— 

(a) Beginning January 1, 1941, the use of A~2 
emission, which is generated by abrupt interrup¬ 
tions or reductions of the carrier wave, at an audible 
frequency or frequencies, without reference to the 
usual interruptions caused by ordinary telegraphic 
keying, shall be prohibited for ship stations on fre¬ 
quencies below 30,000 kilocycles except when neces¬ 
sary for emergency communication. 

(b) The use of A-2 emission, which is generated 
by keying the audible frequency or frequencies used 
to modulate the carrier wave, without interruption 
of this carrier wave, is prohibited for ship tele¬ 
graph stations on radio fre(iueticies below 30,000 
kilocycles except when necessary for emergency 
communication. 

§ 8.48 Priority of operation of ship station.— 

P'roni the standpoint of interference, the oi)eration 
of a ship radio station, including receiving equip¬ 
ment, auto-alarm, and direction finder, installed on 
board a vessel for safety purposes in compliance 
with law, shall have priority over the operation of 
any other radio apparatus on board the same vessel. 

§8.49 Special provisions for apparatus em¬ 
ploying alternating plate supply (self-rectifying 
plate supply). —In the application of these rules 
to equipment authorized and designed for the use 
of alternating current or voltage, as plate supply 
for the final radio stage, the terms ^‘direct current” 
and “direct voltage” shall be considered as referring 
to the equivalent effective alternating current and 
voltage, and terms having possible application only 
to equipment designed for the use of direct current 
shall not apply whenever these terms are used hi 
these rules. 

§ 8.50 Communication with coastal-harbor 
stations. —All ship telephone stations when oper¬ 
ating on a frequency below 3500 kilocycles or above 
30,000 kilocycles for communication with a coastal- 
harbor station in the United States which is open to 
public correspondence, shall communicate with the 
nearest station of this class whenever practicable 
under the prevailing conditions of transmission and 
reception. 

§8.51 Identification of ship station. —(a) The 

complete name of the vessel on which the ship sta¬ 
tion is located shall be announced at the beginning 
and upon completion of any radiotelephone com¬ 
munication carried on by such station. 

(b) The name, the call lettters, and the class of 
station (portable-mobile), of a portable-mobile sta¬ 
tion authorized to be operated on board ships shall 
be transmitted at the beginning and upon comple- 

22 This section relates in particular to the electro¬ 
mechanical transmitting device commonly known as a “chop¬ 
per," employed mainly in connection with arc transmitters 
and electron-tube transmitters of early design. 


tion of any communication carried on by such 
station. 

§ 8.52 Monitoring before transmitting.— Be¬ 
fore any signals or communications are transmitted 
on any frequency, the licensed operator attending the 
ship station shall first listen on the associated re¬ 
ceiving frequency to determine whether transmission 
by the station will interfere with communication 
already in progress. 

§ 8.53 Control by coastal station. —A ship sta¬ 
tion, when communicating with a coastal station, 
shall comply with instructions given by that station 
in all questions relating to the order and time of 
transmission, to the choice of authorized frequency 
and to the suspension of communication. This pro¬ 
vision does not apply in the event of emergency or 
distress. 

§ 8.54 Operating procedure for ship radio¬ 
telephone stations in the Great Lakes area^'*^ 
only. — (a) Except in the event of emergency or 
distress a ship telephone station shall call the par- 
ticulai station with which it is intended to 
communicate. 

(b) Each ship telephone station licensed to trans¬ 
mit on one or more frequencies within the bands 
2000-2200 kilocycles and 2734-2742 kilocycles shall 
maintain, during its hours of service, an efficient 
watch for the reception of A-3 emission (te¬ 
lephony) on the fre(]ucncy 2182 kilocycles when¬ 
ever it is not engaged in communication on other 
frequencies. 

(c) The frequency 2182 kilocycles jihall be used 
by ship telephone stations in the Great 1-akcs area 
only for: 

(1) Initially calling. (Calling any one station 
shall not exceed one minute in duration.) 

(2) Acknowledging calls received on this fre¬ 
quency. 

(3) Exchanging operating signals with ship and 
coastal stations to establish communication on an¬ 
other frequency within the band 2000 to 3000 
kilocycles. 

(4) Exchanging “distress”and “safety” 
communications. 

If the called station has not answered at the end of 
the 1-minute period, that station shall not «'igain be 
called until at least 15 minutes have elapsed. Any 
one exchange of communications on this frequency, 
including calls, answers, operating signals, and con- 

28 As used herein, the term “Great Lakes area” includes 
the St. Lawrence River west of Montreal, Province of 
Quebec. 

24 For this purpose, “distress” communications are con¬ 
strued to be any communications relative to immediate a.s- 
sistance needed by a ship in distress; i.c., a vessel is threat¬ 
ened by serious and imminent danger and immediate assist¬ 
ance is necessary. 

2 r» For this purpose, “safety” communications are con¬ 
strued to mean communications concerning the safety of a 
ship as distinguished from distress, or concerning the safety 
of a person or persons on board or sighted from on board, 
and communications concerning the safety of navigation or 
important meteorological warnings. 
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versation pertaining to safety shall not exceed 5 
minutes in duration. In the event of distress, these 
time limitations are waived. 

(d) Before transmitting on the frequency 2003 
kilocycles or 2738 kilocycles, ship stations shall first 
establish communication with each other on the 
frequency 2182 kilocycles by initially calling and 
answering on the latter frequency. 

(^) 26 Whenever a ship station intends to com¬ 
municate with a coastal harbor station by trans¬ 
mitting on any working frecjuency within the band 
2100-2200 kilocycles, the ship station shall initially 
call or answer the coastal harbor station on the fre¬ 
quency 2182 kilocycles. Except as hereinafter pro¬ 
vided, the ship station may transmit on 2118 or 
2158 kilocycles only when directed to do so by the 
coastal harbor station. Without regard to the fore¬ 
going limitation, a ship station may initially call 
on the fre(juency 2158 kilocycles a coastal harbor 
station in the United States which has been au¬ 
thorized by the Commission to answer calls from 
ship stations transmitted initially on 2158 kilocycles. 
Calling any one station on 2158 kilocycles shall not 
exceed one minute in duration. If the called sta¬ 
tion has not answered at'the end of the one minute 
period, that station shall not again be called until 
at least 15 minutes have elapsed. The foregoing 
requirements shall in no way limit or delay the 
handling of distress or emergency communications. 

(/) Unless otherwise directed by a coastal-harbor 
station, any one exchange of communications by a 
ship station transmitting on the frequency 2118, 
2158, 4422.5, 6660 or 8820 kilocycles shall not exceed 
15 minutes in duration. Subsequent to any one ex¬ 
change of communications, the same frequency shall 
not again be used by that .ship station until 15 min¬ 
utes have elapsed, provided that this limitation shall 
not apply to distress or emergency communication 

§8.55 Operating procedure for ship radio¬ 
telephone stations on the Mississippi River and 
connecting inland waters. — (a) Except in the 
event of emergency or distress, a ship telephone 
station shall call the particular station with which 
it intends to communicate. Calling any one station 
on the frequency 2738, 2782, 4162.5, 6455, 8840, or 
11,090 kilocycles shall not exceed 3 minutes in 
duration. If the called .station has not answered at 
the end of the 3-niinute period, that station shall not 
again be called until at least 15 minutes have elapsed. 

(b) Unless otherwise directed by a coastal-harbor 
station, any one exchange of communications by a 
ship station transmitting on the frequency 2782, 
4162.5, 6455, 8840, or 11,090 kilocycles shall not ex¬ 
ceed 15 minutes in duration.-® Subsequent to any 
one exchange of communications, the same fre- 

26 See also section 7.38 (c), 

27 See section 8.52. 

28 The Commission will notify ship station licensees of 
authorizations which are issued to coastal harbor stations 
for this purpose. 

26 See also sec. 8.94. 


quency shall not again be used by that ship station 
until 15 minutes have elapsed, provided that this 
limitation shall not apply to distress or emergency 
communication. 

(c) When communicating on the frequency 2782, 
4162.5, 6455, 8840, or 11,090 kilocycles, the trans¬ 
mitter carrier wave of a ship telephone station shall 
be either automatically “voice controlled’^ or con¬ 
trolled manually by the person whose speech is 
being transmitted, in order to avoid the tran.smis- 
sion of an unmodulated carrier wave and to facili¬ 
tate the Operation of a simplex circuit.-^® 

§8.56 Maintenance tests of licensed stations. 
—Station licensees are authorized to carry on such 
routine tests as may be required for the proper 
maintenance of the stations under the rules gov¬ 
erning the class of station concerned, provided that 
the tests shall be so conducted as not to cause in¬ 
terference with the .service of other stations. 

§ 8.57 National defense; naval instructions 
regarding ship radio service. —No provision of 
the Commission’s rules and regulations shall, in 
time of war, prevent the master of any vessel of 
the United States from taking any action whatso¬ 
ever in regard to the radio installation, the opera¬ 
tors, the transmission and receipt of messages, and 
the radio service of the ship whenever in his discre¬ 
tion such action is necessary to carry out the in¬ 
structions of United States naval control officers 
and other instructions issued by the Department of 
the Navy. 

§8.61 License period. —For all ship stations 
in the Ship Service, the license period shall be as 
follows: 

(a) Each station license will be issued for a 
term of from one to five years from the effective 
date of grant, the term varying as may be iieces- 
.sary to permit the orderly scheduling of renewal 
applications. 

(b) Each station license normally will be re¬ 
newed, upon proper application, for a term of four 
years from the effective date of renewal. 

§8.62 Classes of ship stations. —Ship stations 
will be licensed by classes according to their hours 
of service, as follows: 

(tf) First class ,—These stations shall carry on a 
continuous service whenever the vessel is being 
navigated or is outside a harbor or port. 

(b) Second class. —The.se stations shall carry on 
a designated service of limited duration whenever 
the vessel is being navigated or is outside a harbor 
or port; at least during the period designated for 
ship stations of the second category in the appendix 
of the International General Radio Regulations, or 
as otherwise designated by the station license. 

(c) Third class .—These stations, when operated, 
shall carry on a service the duration of which is 
undetermined or which is determined by the master 
of the vessel. 

86 See also sec. 8.93. 
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§8.63 Posting of licenses—The original ship 
radio station license, and the original license of each 
operator of the ship station while he is employed 
or designated as radio operator on the vessel, shall 
he posted in a conspicuous place in the associated 
radio operating room on board the ship, except when 
any operator license has been submitted to the Com¬ 
mission in accordance with relevant provisions of 
part 13: Provided, That the foregoing requirement 
shall not apply to portable-mobile stations operated 
on board small boats where posting of licenses is 
impracticable, upon the express condition that the 
original portable-mobile station license or a photo¬ 
copy thereof shall be retained at all times on board 
the mobile vessel on which the station is currently 
located, and that the radio operator license of the 
person operating the station shall be kept in his 
personal possession on board such vessel whenever 
the station is being operated: Provided further, 
however, that any operator who holds a restricted 
radiotelephone operator permit of the card form 
(as distinguished from the diploma form), and who 
is employed or designated as radio operator of a 
ship station, shall not j)ost that permit, but when¬ 
ever on duty shall keep it in his personal possession. 

§ 8.64 Lifeboat stations.—Proi)erly licensed 
lifeboat radio transmitting equipment may be oper¬ 
ated for maintenance tests and emergency communi¬ 
cation under authority of the regular license of the 
ship station without a separate license posted in the 
lifeboat. 1'he call signals to be used by a lifeboat 
operating under this section shall be the regularly 
assigned call of the ship station to which the life¬ 
boat is regularly attached, to be followed by the 
international break sign, BT, and the number of 
the lifeboat. 

§ 8.66 Authority to communicate with ama¬ 
teur stations.—Upon formal application being 
made and duly executed, including a supplemental 
statement in reference to conditions (a) and (b) 
hereinafter specified, the Commission may grant a 
license, modification of license, renewal of license 
or special temporary authority, permitting a ship 
telegraph station, on board a noncommercial vessel 
or on board a vessel to be used for .scientific re¬ 
search or expedition, to transmit on ship telegraph 
frequencies above 4000 kilocycles designated in the 
license of such ship station, for the secondary pur¬ 
pose of exchanging radiotelegraph communications 
directly with licensed amateur stations, on condition 
that transmission for this purpose shall not inter¬ 
fere with the primary use of these freciuencies for 
normal ship service, and provided the applicant 
makes a satisfactory showing that: 

(a) The messages to be exchanged with amateur 
stations will contain no material relating directly or 
indirectly to a commercial transaction. 

31 Operation of the lifeboat radio transmitting equipment 
will be specifically authorized by the regular ship station 
license when it has been described in the application for 
.such license. 


(ft) Unusual circumstances will be encountered 
during the contemplated voyage(s) which will make 
direct communication with amateur stations ex¬ 
tremely beneficial to persons on board the vessel 
or to the person(s) responsible for the scientific 
research or expedition for which the vessel is to 
be used. 

§8.67 Communication with foreign amateur 
stations. —Under the provisions of section 8.66, 
communication with amateur stations of foreign 
countries shall be limited to communications with 
such stations as are authorized to communicate with 
the .ship station concerned: in addition, the nature 
of the communications exchanged with foreign ama¬ 
teur stations shall be in accordance with the Inter¬ 
national General Radio Regulations and in con¬ 
formity with the regulations of the foreign ad¬ 
ministration having jurisdiction over the amateur 
station ('s) involved. 

§8.68 Authorized emission. — (flf) Ship tele¬ 
phone stations are authorized to use A-3 emission 
for the transmission of speech only; in addition, 
the.se stations may use types A-1 and A-2 emission 
for calling, for brief testing, for the transmission 
of brief service messages, and for communication 
in an emergency involving the safety of life and 
property. 

(b) A-2 or A-3 emission ("amplitude modula¬ 
tion) may be used on any authorized operating fre¬ 
quency.”'* Frequency modulation, corresponding to 
A-2 or A-3 emission may be used on any au¬ 
thorized operating frequency within the band 30,000 
to 40,000 kilocycles only. 

(c) When frequency modulation is used, the total 
frequency swing arising from modulation shall not 
exceed 75 percent of the frequency separation band 
width. 

§8.69 Use of A-4 or special emission. —Upon 
application, a ship station may be granted authority 
to use type A-4 or special emission ”” or type A-3 
emission for the transmission of addressed program 
material, on a secondary basis: Provided, The appli¬ 
cant makes a satisfactory showing of the need for 
such type of emission and upon condition that no 
increase in interference to the service of other sta¬ 
tions wall re.sult. 

§ 8.70 Points of communication. —Unless oth¬ 
erwise specified in the license, a ship station is au¬ 
thorized to communicate with coastal stations and 
maritime mobile stations, without regard to the 
country to which these stations belong. 

82 See sec. 2.201, pt. 2, General Rules and Regulations. 

38 See sec. 2.1, pi. 2, (jcneral Rules and Regulations. 

84 See sec, 2.201, pt. 2, General Rules and Regulations. 

85 Special emis.sion for the purpose of this section means 
any emission not meeting the definition of A-1, A-2, A-3, 
A-4, or B emission given in art. 5, sec. 1, of the Inter¬ 
national General Radio Regulations. See sec. 2.201 of 

pt. 2, 
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§ 8.71 Operating power.— (a) 0perating power, 
computaHon of. —The operating power shall be 
computed by one of the following methods: (1) 
By indirect measurement from the plate input 
power of the final radio stage, by multiplying the 
plate voltage by the total plate current of the final 
radio stage, and by a factor which is specified in 
the regulations governing the class of station con¬ 
cerned. (2) By direct measurement of the antenna 
input power. (3) By measurements of field in¬ 
tensity as specified by the regulations governing the 
class of station concerned. 

(b) Operating power tolerance. —The operating 
power of all radio stations shall be maintained 
within the following tolerance of the authorized or 
licensed power: (1) When the maximum power 
only is specified, the operating power shall not be 
greater than necessary to carry on the service and 
in no event more than 5 percent above the maxi¬ 
mum power specified. (2) When an exact power 
is specified, the operating power shall at all times 
he within the limits of 105 percent and 90 percent 
of the maximum power specified. 

§8.72 Portable-mobile stations.— Upon for¬ 
mal application being nuide and duly executed, in¬ 
cluding a supplemental statement in reference to 
conditions (a) and (b) hereinafter specified, the 
Commission may grant a license, modification of 
license, renewal of license, or special temporary au¬ 
thority, permitting operation of a portable-mobile 
station on board a ship or ships of the United 
States provided the applicant makes a satisfactory 
showing that: 

{a) The services to be rendered will be ship 
service and the station will be operated as a ship 
station in conformity with all rules of the Commis¬ 
sion which are applicable to the ship service. 

{b) Unusual circumstances exist whereby a 
portable-mobile station license is necessary to elimi¬ 
nate the necessity of frequently filing applications 
for special temporary authority, licenses, or modifi¬ 
cations of license in order to permit on short notice 
the temporary operation of specified equipment on 
board a designated ship or ships of the United 
States. 

§8.73 Special provisions for portable-mobile 
stations. —Advance notice in writing shall be 
given by the licensee of a portable-mobile station 
authorized to be operated on board a ship or ships 
to the Commission prior to any operation contem¬ 
plated on board a particular vessel and shall state 
the call letters of the station, name of licensee, ap¬ 
proximate date(s) of intended operation on board 
the designated ship, and the geographical area in 
which the ship is intended to be navigated. A 
portable-mobile station authorized to be operated on 
board ships shall not be retained on board any one 

3® Sec sec. 8.21, which defines the term “ship service.” 

Telegraphic notice may be made where circumstances 
require. 


vessel during any continuous period exceeding three 
months without giving further notice to the Secre¬ 
tary of the Commission: Provided, That the fore¬ 
going requirements shall not apply to operation of 
a portable-mobile station on board small boats (ten¬ 
ders, dories, lifeboats, etc.), which are regularly as¬ 
sociated with a larger vessel, when such portable- 
mobile station is specifically identified in the license 
of such larger vessel. 

§ 8.74 License, simultaneous modification and 
renewal. —When an application is granted by 
the Commission necessitating the issuance of a 
modified license less than 60 days prior to the ex¬ 
piration date of the license sought to be modified, 
and an application for renewal of said license is 
granted subsequent or prior thereto (but within 30 
days of expiration of the present license) the modi¬ 
fied license as well as the renewal license shall be 
issued to conform to the combined action of the 
Commission. 

§8.80 Type B emission prohibited. —No li¬ 
cense shall be issued for the operation of any sta¬ 
tion using, or proposing to use, transmitting appa¬ 
ratus employing damped wave (Type B) emission, 
except for the operation of lifeboat apparatus for 
routine tests and emergency communication in the 
open sea. 

§8.82 Calling and distress frequencies— {a) 

The international calling and distress frequency is 
500 kilocycles. The provisions of the International 
General Radio Regulations pertaining to the inter¬ 
national calling and distress frequency 500 kilo¬ 
cycles shall apply in the Great Lakes region. 

(b) The interim United States high frequency 
calling and distress frequency is 8280 kilocycles. 
The provisions governing the use of 8280 kilocycles 
shall apply to all areas. 

§8.83 Use of distress frequencies. —(a) The 
international calling and distress frequency 500 
kilocycles shall be used by ship stations and air¬ 
craft stations in requesting help from the maritime 
service. Ship stations and aircraft stations which 
are either unable to use this frequency effectively 
or wish to obtain further assistance, shall use the 
interim United States distress frecjuency 8280 kilo¬ 
cycles. These frequencies may be used only for 
calls and replies, for distress traffic, urgent and 
safety messages, and for operating signals. 

{b) Transmission on these frequencies with the 
exception of urgent and safety messages and sig¬ 
nals, must cease twice each hour, for 3 minutes, be¬ 
ginning at x:15 and x:45 o'clock, Greenwich Civil 
Time (GCT). 

§ 8.84 Use of other frequencies for distress.-— 

In case of distress, if it is not possible to use the 
international distress frequency, any station of the 
maritime mobile service may use any other fre¬ 
quency available to it to call attention, report the 
position of the ship or aircraft in distress, and ob¬ 
tain help. 
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§8.85 Use of 143 kilocycles and other calling 
frequencies. —In no case shall the calling fre¬ 
quencies 143, 500 and 8280 kilocycles be used for 
working purposes except as may be necessary for 
the handling of distress, urgent, or safety mes¬ 
sages. Other radiotelegraph calling frequencies 
shall be used primarily for calling and answering; 
however, they may be used for working purposes 
subject to the condition that interference is not 
caused to calls from maritime mobile stations and 
coastal stations. 

§ 8.86 Use of working frequencies. —Frequen¬ 
cies above 1500 kilocycles designated in a ship tele¬ 
graph station license as “working'^ may also be used 
for all purposes for which ship telegraph calling 
frequencies above 1500 kilocycles are authorized. 

§ 8.91 Additional frequencies. — (a) In addi¬ 
tion to the frequencies designated in the license of 
a ship station, such station, when communicating 
with a coastal station, may transmit; 

(1) On any working frequency between 110 and 
194 kilocycles when directed to do so by a coastal 
telegraph station operating in this band, provided 
no interference results to the service of any other 
land or fixed station, and provided that on frequen¬ 
cies below 160 kilocycles the emission shall be A-l 
only. 

(2) On a working frequency within the band 
385 to 23,000 kilocycles used by a coastal telegraph 
station when directed to do so by the coastal station 
to which the frequency is assigned. 

(b) In addition to the frefiuencies designated in 
the license of a ship station, such station when com¬ 
municating with a mobile or coastal station of the 
United States Government, may transmit on a 
United States Government frequency when au¬ 
thorized or directed to do so by the Government 
station concerned or by the Government department 
to which the frequency is assigned. The ship sta¬ 
tion operating frequency, the type of emission, and 
the class of traffic on this frequency shall be desig¬ 
nated by the Government station: Provided, 1'hat on 
frequencies below 160 kilocycles the emission shall 
be A~1 only. 

§8.92 Record of frequency adjustments,— In 

ship stations licensed to operate on frequencies 
within the band 365 to 515 kilocycles, a written 
record shall be maintained of the adjustments of the 
transmitting and receiving equipment for operation 
on the frequencies 375 and 500 kilocycles and at 
least one working frequency in this band. This 
record of adjustments shall be posted at all times in 
a conspicuous place on or near the particular equip¬ 
ment involved. 

§ 8.93 Control of carrier wave in telephony.— 

When communicating on 2003, 2182, 2638, 2738, 
35,860, or 37,660 kilocycles, the transmitter carrier 
wave of all ship telephone stations shall be either 
automatically ‘‘voice controlled” or controlled 
manually by the person whose speech is being trans¬ 


mitted, in order to avoid the transmission of an un¬ 
modulated carrier wave. 

§ 8.94 Shared use of 2003, 2638 and 2738 kilo¬ 
cycles. —(fl) Any one exchange of communications 
between any two .ship stations on 2003, 2638 or 2738 
kilocycles, or between a ship and a coastal station on 
the frequency 2003 kilocycles or on 2738 kilocycles, 
shall not exceed 5 minutes in duration after the two 
stations have established contact by calling and an¬ 
swering. Subsequent to such exchange of com¬ 
munications, neither the frequency 2638 kilocycles 
nor 2738 kilocycles shall again he used for com¬ 
munication between the same two stations until 15 
minutes have elapsed: Provided^ That this re(|uire- 
ment shall in no way limit or delay the transmission 
of distress or emergency communications. 

(b^ The alternate transmission on 2003 kilo¬ 
cycles, 2638 kilocycles or 2738 kilocycles by each of 
two ship stations, engaged in any one exchange of 
signals or communications with each other, shall 
take place on only one of these frequencies and for 
this purpose, both stations shall transmit and re¬ 
ceive on the same frequency: Provided, That this 
requirement is waived in the event of emergency 
w’hen by reason of interference or limitation of 
equipment this method of communication cannot be 
used. 

§8.95 Authorized use of 2003, 2638 and 2738 
kilocycles. — (a) The frequencies 2003 and 2738 
kilocycles shall be used by .ship radio stations solely 
for the exchange of “distress” and “safety” 
communications and communications relating di¬ 
rectly to the operation of the ship, subject to the 
priority of communications designated by section 
8.42. 

(b) The frequency 2638 kilocycles .shall be used 
by ship radio .stations primarily for the exchange of 
communications relating to the safety of navigation 
and to the ship’s business. The exchange of any 
other communications on this freciuency is au¬ 
thorized upon the express condition that interference 
shall not be caused to the handling of messages 
relating to the safety of navigation and the ship’s 
business, with due regard to the priority of commu¬ 
nications designated by section 8.42. 

§ 8.97 Frequency measurement.^*^ —The li¬ 

censee of each ship station shall provide for meas- 

38 For this purpose, “distress’* communications are con¬ 
strued to be any communications relative to immediate as¬ 
sistance needed by a ship in distress; i.e., a vessel is 
threatened by serious and imminent danger and immediate 
assistance is necessary. 

3» For this purpose, “safety” communications are con¬ 
strued to mean communications concerning the safety of a 
ship as distinguished from distress, or concerning the 
safety of a person or persems on board or sighted from on 
board, and communications concerning the safety of naviga¬ 
tion or important meteorological warnings. 

♦0 Par. 6 (3), art. 9, of the International General Radio 
Regulations provides that all ship stations transmitting on 
frequencies in the band 100 to 160 kilocycles and on fre¬ 
quencies above 4000 kilocycles must be equipped with a 
wavemeter (frequency meter) having a precision at least 
equal to 0.005 (0.5 percent) when the transmitter itself is 
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urement of each operating frequency of the station 
and shall establish a procedure for regular measure¬ 
ment of these frequencies. These measurements 
shall be made by means independent of the fre¬ 
quency control of the ship station transmitter and 
shall be of an accuracy sufficient to detect deviations 
from the assigned frequency within one-half the 
authorized tolerance. 

LIFEBOAT INSTALLATIONS 

RKQUIRBMENTA FOR ALI. C0MI>UI^80RY 

LIFEBOAT RADIO INSTALLATIONS 

§8.201 Inspection and maintenance of life¬ 
boat radio installation. — (a) The lifeboat radio 
installation shall be inspected and tested by a 
qualified representative of the licensee within 24 
hours prior to departure to sea from each port (ex¬ 
cept not necessarily more than once each week) 
and at least once each year with the lifeboat afloat 
in a harbor or port of the United States. The re¬ 
sults of any inspections and tests not made in the 
inspector’s presence shall be made known to the 
master of the vessel and shall be entered in the 
ship’s radio station log or recorded in the ship’s 
log if the ship is not provided with a radiotelegraph 
station. The records of all inspections and tests 
shall be made available to duly authorized repre¬ 
sentatives of the Commission upon request. The 
inspection afloat shall include an actual test of the 
transmitter (and receiver when required) con¬ 
nected to the regular lifeboat antenna erected to 
determine that each is in effective operating condi¬ 
tion. When testing with the lifel)oat not afloat, 
the transmitter may be connected to an artificial an¬ 
tenna. 

(b) When the vessel is under way, provision shall 
be made for adeciuate charging of the storage bat¬ 
teries and the routine inspection of all batteries used 
to supply the power to lifeboat radio installations. 
The charging and routine inspection of such bat¬ 
teries shall not require their removal from the life¬ 
boats in which they are installed. The necessary 
charging equipment shall be arranged so as not to 
interfere with the launching of the lifeboats, and for 
this purpose shall be easily and quickly removable. 
Inspection of the batteries shall be made at least 


once every seven days by a qualified representative 
of the licensee, and a statement in regard to the con¬ 
dition and specific gravity in the case of a lead-acid 
battery, or voltage under normal load in the case 
of Edison batteries (or dry batteries when such bat¬ 
teries are permitted) shall be reported to the master 
and entered in the ship’s radio station log. Any 
storage battery provided as a power supply or as a 
spare power supply shall be kept fully charged at 
all times. 

REGULATION OF WATCH 

§8.211 Report to bridge. —On board a cargo 
vessel of the United States subject to title III, part 
II of the Communications Act which is fitted with 
an auto-alarm, the operator, when going off watch, 
shall report to the officer on watch on the bridge 
whether or not the auto-alarm has been placed in 
use and adjusted for effective operation. 

§ 8.212 Use of auto-alarm. — (a) The auto¬ 
alarm shall be in operation, connected to the main 
antenna, and adjusted for normal efficiency, accord¬ 
ing to prevailing conditions of radio reception, at 
all times while the ship is being navigated outside a 
harbor or port when the operator is not on watch, 
and shall not be rendered inoperative when a radio 
direction finder, on board the same ship, is being 
used. 

(b) The auto-alarm shall be in operation, con¬ 
nected to the antenna and adjusted for normal effi¬ 
ciency according to prevailing conditions of radio 
reception, when the ship is being navigated outside 
a harbor or port and while the operator, when on 
watch and subject to authority of the master, is 
engaged over an extended period in receiving time 
signals, weather reports, hydrographic reports, re¬ 
ports regarding aids to navigation or authorized 
press material. 

§8.213 Auxiliary antenna. —On a vessel re¬ 
quired by law to maintain a watch by a qualified 
operator or operators, an effective auxiliary antenna 
or other approved arrangement shall be provided 
whenever deemed necessary by the Commission, to 
avoid unauthorized interruption of this watch during 
use of a radio direction finder on board the same 
vessel. 


incapable of being adjusted with this preci.sion or better. 
For this purpose, the Commission will accept a master- 
oscillator of a ship station electron tube transmitter in lieu 
of the frequency meter prescribed by this international regu¬ 
lation, provided the calibration of the said transmitter and 
of the circuit as a whole is such as to permit the convenient 
adjustment of the transmitter to its licensed frequencies 
within the tolerance for ship stations prescribed by section 
8.96. 


Subject to such limitations as may be imposed by 
United States Naval Authority or by foreign governments 
at foreign ports. It is necessary that each lifeboat trans¬ 
mitter be licensed by the Commission to insure compliance 
with the Rules and Regulations of the Commission, during 
the required tests with an actual antenna. Operation of a 
lifeboat transmitter is ordinarily authorized by the regular 
ship station license when it has been described in the appli¬ 
cation for such license and the authorization has been ap¬ 
proved by the Commission. 


RADIO LOG 

§ 8.221 Radio log for safety purposes. —Each 
ship station operating on frequencies within the 
band 100 to 515 kilocycles, when required by law 
to keep a watch for safety purposes by means of a 
qualified operator, shall maintain an accurate radio 
log, as follows: 

(a) Each sheet of the log shall be numbered in 
sequence, for each voyage, and shall include official 
call letters of the ship station and the name of the 
operator on watch. 

(b) The entry “on watch” shall be made by the 
operator beginning a watch, followed by his signa- 
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ture. The entry “off watch” shall be made by the 
operator being relieved or terminating a watch, fol¬ 
lowed by his signature. All log entries shall be 
currently completed at the end of each watch by 
the operator responsible for the entries. The use 
of initials or signs is not authorized in lieu of the 
operator’s signature. 

(c) During the period a watch is maintained by 
an operator, all calls transmitted to or from the ship 
station and all replies transmitted or received shall 
be entered, stating the time and frequencies, and the 
call letters of the station communicated with or 
heard. In addition, a notation of any messages 
exchanged shall be entered, stating the time, the fre¬ 
quency in kilocycles,’ and the call letters "*** of the 
station(s) heard, or communicated with. Insofar 
as possible, a positive entry with respect to recep¬ 
tion on 500 kilocycles shall be made at least once in 
each IS minutes. The entries required by para¬ 
graph (r) hereof shall be acceptable, as positive 
entries provided operating conditions are such as to 
prevent additional entries being made. 

((/) The time of making an entry shall be shown 
opposite the entry and shall be expressed in Green¬ 
wich mean time (GMT), except that in the Great 
Lakes region the time shall be expressed in eastern 
standard time (EST) (counted from 00:00 to 24:00 
o’clock, beginning at midnight).'*'* The first entry 
in each hour shall consist of four figures; additional 
entries in the same hour may be expressed in two 
figures by omitting the hour designation. I'he ab- 
bieviation “GMT” (EST in the Great Lakes re¬ 
gion) shall be marked at the head of the column in 
which the time is entered. 

(r) During the period a watch is maintained by 
an operator, an entry shall be made twice per hour 
stating whether or not the international silent period 
was observed. In addition, entries shall be made 
indicating any signals or communications heard on 
500 kilocycles during this period. If no signals are 
heard on 500 kilocycles an entry to that effect shall 
be made. The use of rubber stamps for making 
entries to show observation of the silent period is 
not authorized. 

(/) All distress calls, automatic alarm signals, 
urgent and safety signals made or intercepted, the 
complete text, if possible, of distress messages and 
distress communications, and any incidents or occur¬ 
rences which may appear to be of importance to 
safety of life or property at sea, shall be entered, 
together with the time of such observation or occur¬ 
rence, and the position of the ship or other mobile 
unit in need of assistance, if it can be determined. 

42 If de.sired, the names of the .stations or ships also may 
be entered. 

43 As amended by the Commission, effective November 14, 
1939. 

44 For example, 8:01 p.m. eastern standard time would 
be entered as 0001 GMT; 8:30 a.m. easitern standard time 
would be entered as 1230 GMT; 7 :45 p.m. eastern standard 
time would be entered as 2345 GMT. 


(ff) Whenever harmful interference is experi¬ 
enced, an entry shall be made to that effect, stating 
the source of the interference, if known. 

(/i) The approximate geographical location of 
the ship, preferably the noon position, shall be 
entered each day of each voyage, cither in terms of 
latitude and longitude, or as the distance in nauti¬ 
cal miles and the direction from a known fixed point. 
For this purpo.se, the master of the ship shall fur¬ 
nish this information to the radio operator. The 
position report so furnished shall correspond to any 
entry of the same position made in other official 
records of the ship. 

(i) An entry shall be made of the time of depar¬ 
ture and arrival of the vessel at each port, including 
in each entry the name of the port. 

(j) On a cargo vessel equipped with an auto- 
alarni, the entry “auto-alarm on,” “.sensitivity set 

at .” and the entry “auto-alarm 

off.” rc.spectively, .shall be made whenever the 
operator places the auto-alarm in and out of opera¬ 
tion. Results of the recjuired auto-alarm tests shall 
be entered daily, including the sensitivity-control 
setting and the minimum number of 4-second dashes 
from the testing device which were necessary to 
properly operate the alarm. 

(A‘) On a cargo vessel equipped with an auto¬ 
alarm, an entry shall be made in the radio station log 
whenever the visual indicator installed on the bridge 
(to indicate when the alarm becomes inoperative 
due to prolonged atmospherics or other interfer¬ 
ence), remains actuated for a continuous period of 
5 minutes. A statement .shall be included giving 
particulars as to the time the operator was called to 
make the necessary repairs or adjustments; any rea- 
.son for the failure; the names of any parts re¬ 
moved, added, or substituted; repairs effected; and 
the time the alarm was restored to proper operating 
conditions. 

(/) On a cargo vessel equipped with an auto¬ 
alarm, an entry shall be made in the radio .station 
log whenever the auto-alarm becomes inoperjitive 
due to causes not indicated by the audible warning 
or the visual indicator, or whenever the audible 
warning is actuated. The entry shall include a 
statement showing the time the operator was called 
to make any necessary repairs or adju.stments; the 
reason for the audible alarm being actuated or 
failing to be actuated, any parts removed, added, or 
substituted; repairs effected; and the time the auto¬ 
alarm was restored to proper operating condition. 

(w) Entries shall be made of the results of tc.sts 
of the emergency installation including tran.smitter 
antenna current, hydrometer readings of lead-acid 
storage batteries, voltage readings of other types 
of batteries, and quantity of fuel available for 
engine generators. 

45 The actual setting of the sensitivity control at the time 
the auto-alarm is placed in operation should be designated. 
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(n) An entry shall be made each time the emer¬ 
gency power supply is used (when the vessel is in 
the open sea) to carry on routine communication 
(other than a watch for safety purposes), stating 
the approximate period of time of such use. 

(o) Results of inspections and tests of lifeboat 
radio equipment, when installed in compliance with 
requirements of law, prior to departure of the vessel 
from a harbor or port and the results of weekly 
inspections of such lifeboat equipment shall be 
entered. 

(/>) A daily entry shall be made regarding com¬ 
parison of the radio station clock with standard 
time, including an indication of any errors observed 
and corrections made. For this purpose, authentic 
radio time signals received from land or fixed sta¬ 
tions shall be acceptable as standard time. 

(q) Any failure of equipment to operate as re¬ 
quired, any failure of power supply, any inability 
to obtain sufficient power to charge storage batteries 
or to properly operate the radio installation and 
any incidents tending to unduly delay communication 
shall be entered. 

(r) All test transmissions shall be entered, to¬ 
gether with the time of such transmissions and the 
approximate geographical location of tlie vessel, 
without regard to whether two-way communication 
with any other station is established. 

§8.222 Radio log during hours of service.— 
(a) Each ship station, not required by law to keep a 
watch for safety purposes, but authorized to oper¬ 
ate on frequencies within the band 100 to 515 kilo¬ 
cycles, shall maintain an accurate radio log in ac¬ 
cordance with paragraphs (a) to (t), inclusive, of 
section 8.221, during its hours of service when oper¬ 
ating on frequencies within this band. The radio 
log of such stations shall also contain the entries 
prescribed by paragraphs (/>) and (r) of section 
8 . 221 . 

(b) Each ship station authorized to operate on 
any frequency or frequencies within the band 3000 
to 30,000 kilocycles (except ship stations on the 
Great Lakes and on board vessels navigated solely 
on inland waters of the United States) shall main¬ 
tain an accurate radio log, when operating on fre¬ 
quencies within this band, in accordance with para¬ 
graphs (a), (6), (d), (/), (g), (/O, (i), {p), 
(q) and (r) of section 8.221. 

(r) Each ship station (except ship stations on the 
Great Lakes and on board vessels navigated solely 
on inland waters of the United States) which is 
authorized to operate on any frequency within the 
band 1500 to 3000 kilocycles or in any band above 
30,000 kilocycles, shall maintain an accurate log, 
when operating on any frequency within these 
bands, as follows: 

(1) Each sheet of the log shall be numbered in 
sequence and shall include official call letters of the 

*8 Sec sec. 8.201, 


ship station and the name of the licensed operator 
in attendance at the time communication is effected. 

(2) An entry shall be made for each complete 
exchange of communications with any station, stat¬ 
ing the approximate geographical location of vessel, 
the call letters and the name of the station com¬ 
municated with, the time of the communication, and 
the nature of the messages or signals exchanged. 

(3) All test transmissions shall be entered, to¬ 
gether with the time of such transmissions and the 
approximate geographical location of the vessel, 
without regard to whether two-way communication 
with any other station is established. 

(4) All distress calls, urgent and safety signals 
made or intercepted; the complete text, if possible, 
of distress messages and distress communications; 
and any incidents or occurrences which may appear 
to be of importance to safety of life or property at 
sea, shall be entered, together with the time of such 
observation or occurrence, and the position of the 
ship or other mobile unit in need of assistance, if 
it can be determined. 

(5) The time of making an entry shall be shown 
opposite the entry and shall be expressed in Green¬ 
wich mean time (GMT) (counted from 00:00 to 
24:00 o'clock, beginning at midnight).^^ The first 
entry in each hour shall consist of four figures; 
additional entries in the same hour may be expressed 
in two figures by omitting the hour designation. 
The abbreviation “GMT” shall be marked at the 
head of the column in which the time is entered. 

(6) Any failure of equipment to operate as re¬ 
quired, any failure of power supply, any inability 
to obtain power to charge storage batteries or to 
properly operate the radio installation and any inci¬ 
dents tending to unduly delay communication shall 
be entered. 

((/) Each ship station on the Great Lakes and on 
board a vessel navigated solely on inland waters of 
the United States which is authorized to operate 
on any frequency or freciuencies above 550 kilo¬ 
cycles shall maintain an accurate log when operating 
on such frequencies, as follows: 

(1) Each sheet of the log shall be numbered in 
sequence and shall include official call letters of the 
ship station and the signature of the licensed opera¬ 
tor in attendance at the time communication is ef¬ 
fected. 

(2) An entry shall be made for each complete 
exchange of communications with any station, stat¬ 
ing the approximate geographical location of the 
vessel, the call letters and the name of the station 
communicated with, the time of the communication, 
and the nature of the messages or signals ex¬ 
changed, and the designation of the transmitting 
frequencies. 

For example, 8:01 p.m. eastern standard time would 
be entered as 0001 GMT; 8 :30 a.m. eastern standard time 
would be entered as 1230 GMT; 7 :45 p.m. eastern standard 
time would be entered as 2345 GMT. 
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(3) All test transmissions shall be entered, in¬ 
cluding designation of the transmitting frequency, 
together with the time of commencement and com¬ 
pletion of such transmissions and the approximate 
geographical location of the vessel, without regard 
to whether two-way communication with any other 
station is established. 

(4) All distress calls, urgent and safety signals 
made or intercepted; the complete text, if possible, 
of distress messages and distress communication; 
and any incidents or occurrences which may appear 
to be of importance to safety of life or property at 
sea, shall be entered, together with the time of such 
observation of occurrence, and the position of the 
ship or other mobile unit in need of assistance, if it 
can be determined. 

(5) Any failure of equipment to operate as re¬ 
quired, any failure of power supply, any inability 
to obtain power to charge storage batteries or to 
properly operate the radio installation and any inci¬ 
dents tending to unduly delay communication shall 
be entered. 

(6) The time of making an entry shall be shown 
opposite the entry and shall be expressed as follows; 

For vessels navigated on the Great Lakes: 

Eastern standard time (EST) counted from 
00:00 to 24:00 o'clock, beginning at midnight. The 
first entry in each hour shall consist of four figures; 
additional entries in the same hour may be expres.sed 
in two figures by omitting the hour designation. 
The abbreviation '‘EST" shall be marked at the head 
of the column in which the time is entered. 

For vessels navigated on inland waters of the 
United States, other than the Great Lakes: 

Local standard time (EST, CST, etc.) (counted 
from 00:00 to 24:00 o'clock, beginning at mid- 
niglit).^” The first entry in each hour .shall consist 
of four figures; additional entries in the same hour 
may be expressed in two figures by omitting the hour 
designation. The abbreviation “EST" or “CST,” 
etc., shall be marked at the head of the column in 
which the time is entered. However, this provision 
shall not prohibit the use of time entries expres.sed 
in GMT (and so indicated) in lieu of local standard 
time. 

§8.223 Disposition of logs. —Ship station logs 
shall be fully completed at the end of each voyage 
and before the operator (s) responsible leave(s) the 
ship. The radio log currently in use shall be kept 
by the licensed operator (s) of the station and during 
use shall be located in the radio operating room of 
the vessel. At the conclusion of each voyage termi¬ 
nating at a port of the United States,^^ the original 

^8 For example, 7 :01 p.m. eastern standard time would 
be entered as 1901 EST; 7:30 a.m. eastern standard time 
would be entered as 0730 EST; 6:45 p.m, eastern standard 
time would be entered as 1845 EST. 

♦9 Includes Hawaii, Alaska, Puerto Rico, and the Virgin 
Islands. 


radio log (or a duplicate thereof) dating from the 
last departure of the vessel from a United States 
port shall be retained under proper custody on board 
the vessel for a sufficient period of time (not re¬ 
quired to be retained for more than 24 hours) to be 
available for in.spection by duly authorized repre¬ 
sentatives of the Commission. Thereafter, the 
original log (and the duplicate log, if provided) 
may be filed at an established shore office of the ship 
station licensee, and shall be retained as stipulated 
by section 8.224. 

§ 8.224 Retention of radio station logs. —Logs 
of a radio station shall be retained by the licensee 
for a period of one year: Proi'ided, hmvcver. That 
logs involving communications incident to a dis¬ 
aster or which include communications incident to 
or involved in an investigation by the Commission 
and concerning which the licensee has been notified, 
shall be retained by the licensee until he is spe¬ 
cifically authorized in writing by the Commission 
to destroy them; Provided, further, That logs inci¬ 
dent to or involved in any claim or complaint of 
which the licensee has notice shall be retained by 
the licensee until such claim or complaint has been 
fully satisfied or until the same has been barred by 
statute limiting the time for the filing of suits upon 
such claims. 

AUXILIARY EQUIPMENT, TOOLS, AND 
SPARE PARTS 

§8.231 General. —On board all vessels subject 
to title III, part II of the Communications Act, .suffi¬ 
cient tooLs to make any minor adjustments of the 
main and emergency radio installation shall be pro¬ 
vided, together with spare parts and auxiliary 
equipment sufficient to maintain the installation in 
efficient working condition. These spare parts and 
this auxiliary e(|uii)ment shall be located so as to 
be readily accessible to the radio operator in an 
emergency. 

§8.232 Necessary spare parts. —The following 
spare parts (for radio eciuipment, other than auto¬ 
alarm and radio-e(|uipped lifeboats) are considered 
indispensable for the maintenance of the appropriate 
installations in efficient working condition on board 
vessels subject to title III, part II of the Communi¬ 
cations Act: 

(a) Sufficient wire of good electrical conductivity 
and suitable insulators for the erection of a single¬ 
wire antenna of the same configuration and linear 
dimensions as the main transmitting antenna but 
not less than 300 feet of such wire and not less than 
two .such insulators; or an as.sembled single-wire 
transmitting antenna (including suitable insulators) 
of the same linear dimensions as the main trans¬ 
mitting antenna. 

(b) One sleeve bearing of each type used by all 

50 Duplicate logs are not required by the provisions of 
this section, unless the original log is removed prior to 
opportunity for official inspection, as explained. 
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rotating machinery which is a component part of 
the radio installation required by law. 

(c) One complete .set of brushes for each unit of 
rotating machinery which utilizes brushes. 

((f) Renewable fuse-cartridges of each type used 
in connection with units of the radio installation in 
the amount of at least one-half the number of each 
size and type in actual use. For each renewable 
fuse-cartridge in actual use, there shall be available 
six spare fuse links of appropriate capacity. For 
each nonrenewable fuse in use, there shall be avail¬ 
able six spare fuses of the same type and of appro¬ 
priate capacity. 

(e) One spare electric light bulb for each emer¬ 
gency light required by section 8.115 (j). 

§8.233 Necessary auxiliary equipment. —The 
following auxiliary equipment (for radio installa¬ 
tion, other than auto-alarm and radio-equipped life¬ 
boats) is considered indispensable for the mainte¬ 
nance of the appropriate installations in efficient 
working condition on board vessels subject to title 
III, part 11 of the Communications Act. 

(a) One 1- to 2-inch screwdriver with approxi¬ 
mately %-inch blade. 

(b) One 4- to 6-inch screwdriver. 

(c) One set of assorted end wrenches or socket 
wrenches, or one adjustable end wrench. 

(d) One pair 5- to 8-inch side-cutting pliers. 

(e) One high-resistance direct-current voltmeter 
having a resistance of at least 1000 ohms per volt 
and capable of measuring 2, 6, and 110 volts with 
an accuracy of at least 3 percent except that on 
ships where the normal radio room power supply 
voltage is higher than 110 to 120 volts direct cur¬ 
rent, the voltmeter shall be capable of measuring 
this line voltage and 2 and 6 volts with an accuracy 
of at least 3 percent. 

(/) One electric flashlight, two-cell or larger, 
complete with bulb- and battery, or one portable 
emergency electric lamp (protected from mechani¬ 
cal injury) with at least 10 feet of flexible cord and 
means for rapid connection to the emergency source 
of power. One spare bulb of the type used shall 
be provided. 

(g) One hydrometer for use with lead-acid bat¬ 
teries when this type of battery is used. 

(h) One gallon of distilled water or other water 
suitable for use in storage batteries. 

(i) Instruction book(s) and circuit diagrams, 
including modifications, covering transmitter(s), 
receiver (s), and direction finder, if a direction 
finder is required. 

§ 8.234 Additional spare parts for specific 
equipment. —In addition to the spare parts re¬ 
quired by section 8.232, and the auxiliary equipment 
required by section 8.233, spare parts as are specifi¬ 
cally designated in special lists promulgated by 

61 Lists of spare parts required for specific types of equip¬ 
ment approved by the Commission arc furnished to its in- 


the Commission pursuant to the provisions of sec¬ 
tion 356 (a) (2) of the Communications Act shall 
be provided for transmitters, receivers, and direction 
finders which have been given type approval by 
the Commission. 

§8.235 Addit;ional spare parts in general.— 

Prior to the Commission’s approval of a particular 
type of marine transmitter, receiver, or direction 
finder, and prior to the issuance of associated specific 
lists of required spare parts and auxiliary equip¬ 
ment, the following spare parts and auxiliary equip¬ 
ment shall be required in addition to those stipu¬ 
lated in sections 8.232 and 8.233. 

(a) Tube transmitters {spare parts only). —(1) 
One radio-frequency oscillator tube, one tube for 
each radio-frequency amplifier stage, and, if used 
to provide A-2 emission, one audio-frequency oscil¬ 
lator tube. One tube for a main transmitter or two 
tubes for an emergency transmitter intended for use 
in the radio-frequency circuit of transmitters of the 
.self-rectified, simple oscillator type. Two anode 
power-supply rectifier tubes, if used. 

(2) One resistor of each tyi)e used as a grid leak; 
one resistor of each type as used in voltage divider 
of grid-blocking keying circuit: one resistor of each 
type as used in series with keying relay winding. 
The value of each resistor shall be clearly indicated 
thereon. 

(b) Receivers {spare parts). — (1) One complete 
set of tubes for the receiver (s). 

(2) One pair of head telephones complete with 
connecting cord and, if u.sed, a cord-terminal plug. 

(r) Direction finders {spare parts). — (1) One 
complete set of tubes for the receiver associated with 
the direction finder, if a direction finder is required. 

(d) Radio-equipped lifeboats {auxiliary equip¬ 
ment). — (1) One screwdriver. 

(2) One pair of side-cutting pliers. 

{e) Radio-equipped motor lifeboats of passenger 
vessels navigated in the open sea {spare parts ).— 
(1) At least 35 feet of insulated wire suitable for 
use as antenna wire. 

(2) Two antenna insulators. 

(3) One artificial antenna capacitor. 

(4) Two tubes for radiotelegraph transmitters, 
except when transmitter employs a single trans¬ 
mitting tube, in which case one tube is required. 

(5) One complete set of tubes for the radiotele¬ 
graph receiver. 

(6) One panel electric light bulb, if used. 

(7) Renewable fu.se-cartridges of each type used 
in connection with the units of the lifeboat radio 
installation in the amount of at least one-half the 
number of each size and type in actual use. For 
each renewable fuse-cartridge in actual use, there 
shall be available six spare fuse links of appropriate 
capacity. For each renewable fuse-cartridge in 
actual use, there shall be available six spare fuse 

spectors in charge at principal ports and are available to 
others upon request. 
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links of appropriate capacity. For each nonrenew¬ 
able fuse in use, there shall be available six spare 
fuses of the same type and of appropriate capacity. 
It fuse wire is used, sufficient wire shall be pro¬ 
vided to permit six complete fuse replacements. 

(f) Optional lifeboat radio installations provided 
in accordance with Section 8.205 for use in lifeboats 
(spare parts). —(1) One electron tube of each type 
used for normal operation of the radio installation 
in accordance with the requirements governing the 
installation, including neon or any other type of 
tube or lamp employed as resonance indicator (s). 

(2) Six fuses of each type used which shall be 
of the same rating and interchangeable therewith; 

(3) Where a kite and balloon are used for an 
antenna support, one spare 300-foot length of an¬ 
tenna wire of the type used which shall be of the 
same rating and interchangeable therewith. 

§8.236 Spare parts and auxiliary equipment 
for auto-alarm, if auto-alarm is required.— 

(а) Radiomarine Corporation of America Model 
AR-860() and Model AR-^W)0-X.— 

(1) Tubes: One type 6H6, one type 6A8, t\io 
type 6K7, five type 1611. 

(2) Two bridge warning-light bulbs. 

(3) One 30-ohni resistor. 

(4) One 9-volt dry cell bias battery. 

(5) Nine glass-enclosed 6-ampere fuses, six 
glass-enclosed %-anipere fuses, six 10-ampere fuse 
links for cartridge-type fuses, two cartridges for 
10-ampere fuse links. 

(б) One relay contact burnishing tool. 

{b) Radiomarine Corporation of America Model 
AR-860R— 

(1) 'J'ubes: One type 6H6, one type 6A8, two 
types 6K7, five type 1611. 

(2) Two bridge w^arning-light bulbs. 

(3) One 80-ohni resistor. 

(4) One 9-volt dry cell bias battery. 

(.S) Six glass-enclosed i/^-aniperc fuses, 6 glass- 
enclosed 6-ampcrc fuses, twelve 6-anipere fuse links 
for cartridge-type fuses, one cartridge for 6-ampere 
fuse links, twelve 10-ampere fuse links for cartridge- 
type fuses, one cartridge for 10-ampere fuse links. 

(6) One relay contact burnishing tool. 

(7) One spare charging resistor. 

(c) Mackay Radio & Telegraph Co., types 101-A 
and 101-H .— 

fl) Tubes: For the type 101-A alarm: One type 
6D6, one type 89, three type 76. 

For the type 101-B alarm: One type 6D6, one 
type 89, one type 75, and two type 76. 

(2) Two bridge w'arning-light bulbs. 

(3) Two commutating brushes, two governor 
brushes, and two brush springs for selector motor. 

(4) Six 1-ampere fuses for receiver power sup¬ 
ply unit, three cartridges for 6-ampere fuse links, 
one cartridge for 3-ampere fuse links, nine 6-ampere 
fuse links for cartridge-type fuses, three 3-ampere 
fuse links for cartridge-type fuses. 


(5) One 4%-volt dry cell bias battery. 

(6) One relay contact burnishing tool. 

(d^ Mackay Radio and Telegraph Company, 
Type 5001-A .— 

(1) Electron tubes: One type 6D6, one type 
6SR7, one type 89, two type 76 and one type 
OA3/VR7S. 

(2) One 60 watt 120 volt ballast lamp. 

(3) Two bridge warning-light bulbs. 

(4) Two pilot lamps. 

(5) Nine 2 ampere fuses. 

(6) Two motor commutator brushes, two gov¬ 
ernor brushes, and four brush springs for selector 
motor. 

(7) One relay contact burnishing tool. 

(8) One sct-.screw wrench. 

(9) One 4l^ volt dry cell bias battery. 

§8.237 Location of spare parts.— (a) Spare 
parts for the direction linder receiver as required by 
section 8.235, paragraph (c), shall be kept in the 
same compartment or room in which this receiver is 
located. 

(b) Spare parts and auxiliary etjuipment for the 
radio-equipped lifeboat, as rec|uired by section 8.235, 
paragraph (r), shall be kept in the lifeboat cabin 
housing the radio equipment. 

(c) The spare emergency light bulb(s) as re¬ 
quired by section 8.232, paragraph (e), shall be 
mounted in close proximity to the corresponding 
emergency light socket(s). 

(d) The antenna wire, antenna insulators, and 
distilled water, as required by sections 8.232, para¬ 
graph (a), and 8.233, paragraph (/i), respectively, 
may be retained in the radio operating room or else¬ 
where, provided the antenna material is readily ac¬ 
cessible to the radio operator in an emergency. 

(e) All other spare parts and auxiliary equip¬ 
ment shall be securely retained preferably in a single 
space, readily accessible to the radio operator in 
an emergency, in the main radiotelegraph operating 
room, or, if desired, in any associated room adjacent 
to and connected with the main radiotelegraph oper¬ 
ating room by an interconnecting doorway. 

(/) The space(s) allocated for the location of 
spare parts and auxiliary equipment in accordance 
with paragraph (e) herein shall be used only for 
this purpose, and such space(s) shall be appropri¬ 
ately and conspicuously marked. 

(g) All required spare parts and auxiliary equip¬ 
ment shall be available for ob.servation by authorized 
representatives of the Commission at the time of 
inspection of the ship radio installation. 

INSPECTIONS 

§ 8.251 Station available for inspection. —Pur¬ 
suant to section 303 (n) ot the Communications 
Act, the radio installation on board any ship of 
United States registry, or on board any foreign 
ship within the territorial jurisdiction of the United 
States, shall be available for inspection by duly au- 
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thorized representatives of the Commission at any 
reasonable time and at such frequent intervals as 
within the discretion of the Commission will insure 
compliance with applicable regulations, laws, and 
treaties. 

§8.252 Application for inspection. —Pursuant 
to section 360 (b) of the Communications Act, the 
vessel owner, vessel operator, ship station licensee, 
and master of a vessel of United States registry 
which is subject to the provisions of title III, part 
II of the Communications Act shall be jointly re¬ 
sponsible for the submission of a formal application 
to the Commission at least once in each 12-month 
period for a detailed inspection of the ship radio 
installation. This application shall be filed at least 
10 days prior to the date on which the radio installa¬ 
tion of the vessel will be ready for inspection at the 
location specified in the application. A service rep¬ 
resentative of the ship station licensee and sufficient 
personnel to lower and raise the antenna(s) and to 
launch the radio-equipped lifeboat(s) shall be on 
board at the time inspection of the radio installation 
is desired. 

RULES GOVERNING STANDARD AND 
HIGH-FREQUENCY BROADCAST 
STATIONS 

Rules Governing Standard Broadcast Stations 
DEFINITIONS 

§3.1 Standard broadcast station. —The term 
^^standard broadcast station” means a station li¬ 
censed for the transmission of radiotelephone emis¬ 
sions primarily intended to be received by the gen¬ 
eral public and operated on a channel in the band 
SSO-1600 kilocycles, inclusive. 

§ 3.2 Standard broadcast band. —The term 
‘‘standard broadcast band” means the band of fre¬ 
quencies extending from 550--1600 kilocycles, inclu¬ 
sive, both 550 kilocycles and 1600 kilocycles being 
the carrier frequencies of broadcast channels. 

§3.3 Standard broadcast channel. —The term 
“standard broadcast channel” means the band of 
frequencies occupied by the carrier and two side 
bands of a broadcast signal with the carrier fre¬ 
quency at the center. Channels shall be designated 
by their assigned carrier frequencies. Carrier fre¬ 
quencies assigned to standard broadcast stations 
shall begin at 550 kilocycles and be in successive 
steps of 10 kilocycles. 

§ 3.4 Dominant station. —The term “dominant 
station” means a class I station, as hereinafter de¬ 
fined, operating on a clear channel. 

02 Applications should be filed with the Engineer in 
charge, Federal Communications Commission, at the Field 
Division office nearest the desired port of inspection of the 
vessel. 

00 Other definitions which may pertain to standard broad¬ 
cast stations are included in section 2.1 and the Communi¬ 
cations Act of 1934, as amended. 


§3.5 Secondary station. —The term “second¬ 
ary station” means any station except a class I sta¬ 
tion operating on a clear channel. 

§ 3.6 Da 3 rtime.—The term “daytime” means 
that period of time between local sunrise and local 
sunset. 

§3.7 Nighttime. —The term “nighttime” means 
that period of time between local sunset and 12 
midnight local standard time. 

§ 3.8 Sunrise and sunset. —The terms “sunrise 
and sunset” mean, for each particular location and 
during any particular month, the average time of 
sunrise and sunset as specified in the license of a 
broadcast station. (For tabulation of average sun¬ 
rise and sunset times for each month at various 
points in the United States, see “Average Sunrise 
and Sunset Times.”) 

§ 3.9 Broadcast day. —The term “broadcast 
day” means that period of time between local sun¬ 
rise and 12 midnight local standard time. 

§3.10 Experimental period. —The term “ex¬ 
perimental period” means that time between 12 mid¬ 
night and local sunrise. This period may be used 
for experimental purposes in testing and maintain¬ 
ing apparatus by the licensee of any standard broad¬ 
cast station on its assigned frequency and with its 
authorized power, provided no interference is caused 
to other stations maintaining a regular operating 
schedule within such period. No station licensed 
for “daytime” or “specified hours” of operation may 
broadcast any regular or scheduled program during 
this period. 

§3.11 Service areas. — (a) The term “primary 
service area” of a broadcast station means the area 
in which the ground wave is not subject to objec¬ 
tionable interference or objectionable facling. 

(b) The term “secondary service area” of a 
broadcast station means the area served by the sky 
wave and not subject to objectionable interference. 
The signal is subject to intermittent variations in 
intensity. 

(c) The term “intermittent service area” of a 
broadcast station means the area receiving service 
from the ground wave but beyond the primary serv¬ 
ice area and subject to some interference and 
fading. 

§3.12 Main studio. —The term “main studio” 
means, as to any station, the studio from which the 
majority of its local programs originate, and/or 
from which a majority of its station announce¬ 
ments are made of programs originating at remote 
points. 

§3.13 Portable transmitter.— The term “port¬ 
able transmitter” means a transmitter so constructed 
that it may be moved about conveniently from place 
to place, and is in fact so moved about from time 
to time, but not ordinarily used while in motion. 
In the standard broadcast band, such a transmitter 
is used in making field intensity measurements for 
locating a transmitter site for a standard broadcast 
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station. A portable broadcast station will not be 
licensed in the standard broadcast band for regular 
transmission of programs intended to be received 
by the public. 

§ 3.14 Auxiliary transmitter.— The term **aux- 
iliary transmitter” means a transmitter maintained 
only for transmitting the regular programs of a 
station in case of failure of the main transmitter. 

§3.15 Technical definitions. — (a) Combined 
audio harmonics. —The term “combined audio har¬ 
monics” means the arithmetical sum of the ampli¬ 
tudes of all the separate harmonic components. 
Root sum square harmonic readings may be ac¬ 
cepted under conditions prescribed by the Commis¬ 
sion. 

(b) Effective field. —The term “effective field” 
or “effective field intensity” is the root-mean-square 
(RMS) value of the inverse distance fields at a 
distance of 1 mile from the antenna in all directions 
in the horizontal jilane. 

(r) Operating power. —“Operating power” is the 
power that is actually supplied to the radio station 
antenna. 

(d) Maximum rated carrier pozver. —“Maximum 
rated carrier power” is the maximum power at 
which the transmitter can be operated satisfactorily 
and is determined by the design of the transmitter 
and the type and number of vacuum tubes used in 
the last radio stage. 

(c) Plate input power. —“Plate input power” 
means the product of the direct plate voltage ap¬ 
plied to the tubes in the last radio stage and the 
total direct current flowing to the plates of these 
tubes, measured without modulation. 

(/) Antenna power. —“Antenna input power” or 
“antenna power” means the product of the s(juare 
(ff the antenna current and the antenna resistance 
at the point where the current is measured. 

{g) Antenna current. —“Antenna current” means 
the radio-frequency current in the antenna with no 
modulation. 

(h) Antenna resistance. —“Antenna resistance” 
means the total resistance of the transmitting an¬ 
tenna system at the operating frequency and at the 
point at which the antenna current is measured. 

(f) Modulator stage. —“Modulator stage” means 
the last amplifier stage of the modulating wave 
which modulates a radio-frequency stage. 

(;) Modulated stage. —“Modulated stage” means 
the radio-frequency stage to which the modulator is 
coupled and in which the continuous wave (carrier 
wave) is modulated in accordance with the system 
of modulation and the characteristics of the modu¬ 
lating wave. 

(k) Last radio stage.—**Last radio stage” means 
the oscillator or radio-frequency-power amplifier 
stage which supplies power to the antenna. 

(l) Percentage modulation (amplitude). —“Per¬ 
centage modulation” with respect to an amplitude 
modulated wave means the ratio of half the differ¬ 


ence between the maximum and minimum ampli¬ 
tudes of the amplitude modulated wave to the av¬ 
erage amplitude expressed in percentage. 

(ni) Maximum percentage modtdation. —“Maxi¬ 
mum percentage of modulation” means the greatest 
percentage of modulation that may be obtained by 
a transmitter without producing in its output har¬ 
monics of the modulating fre(juency in excess of 
those permitted by these regulations. 

(n) High let*el modulation. —“High level modu¬ 
lation” is modulation produced in the plate circuit 
of the last radio stage of the system. 

(o) Loiv level modulation. —“Low level modula¬ 
tion” is modulation produced in an earlier stage 
than the final. 

(/>) Plate modulation. —“Plate modulation” is 
modulation produced by introduction of the modula¬ 
ting wave into the plate circuit of any tube in which 
the carrier frequency wave is prc.sent. 

(q) Grid modulation. —“Grid modulation” is 
modulation produced by introduction of the modu¬ 
lating wave into any of the grid circuits of any 
tube in which the carrier frequency wave is pre.sent. 

EQUIPMENT 

§3.41 Maximum rated carrier power; toler¬ 
ances. —The maximum rated carrier power of a 
standard broadcast transmitter shall not be less than 
the authorized pow^r nor shall it be greater than the 
value specified in the following table: 


Cla.sb ut Stutiuu 

Mdximuiii IN>wcr Autliori/cd 
to Station 

Maximum 
Rated Carriet 
Power Per* 
milled to be 
In-stalled* 

Cla.ss IV. 

100 or 250 watts 

Watts 

250 

Class III. 

.SOO or 1,000 watts 

1,000 


5,000 watts 

5,000 

Class II... 

250, 500, or 1,000 watts 

1,000 


5,000 or 10,000 watts 

10,000 


25,000 or 5(),000 watts 

50,000 

Class I . 

10,000 watts 

10,000 


25,000 or 50,000 watts 

50,000 


♦ The maximum rated carrier power must be distinguished 
from the operating power. (See .section 3.15.) 


§ 3.42 Maximum rated carrier power; how de¬ 
termined. —The maximum rated carrier power of 
a standard broadcast transmitter shall be determined 
as the sum of the applicable power ratings of the 
vacuum tubes employed in the last radio stage. 

(a) The power rating of vacuum tubes shall ap¬ 
ply to transmitters employing the different classes 
of operation or systems of modulation as specified 
in Power Rating of Vacuum Tubes prescribed by 
the Commission. 

(b) If the maximum rated carrier power of any 
broadcast transmitter, as determined by paragraph 
(a) of this section, does not give an exact rating as 
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recognized in the Commission's plan of allocation, 
the nearest rating thereto shall apply to such 
transmitter. 

(c) Authority will not be granted to employ, in 
the last radio stage of a standard broadcast trans> 
mitter, vacuum tubes from a manufacturer or of a 
type number not listed until the manufacturer’s rat¬ 
ing for tlie class of operation or system of modu¬ 
lation is submitted to and approved by the Com¬ 
mission. These data must be supplied by the 
manufacturer in accordance with Requirements for 
the Approval of the Power Rating of Vacuum 
Tubes, prescribed by the Commission. 

§ 3.43 Changes in equipment; authority for.— 
No licensee shall change, in the last radio stage, the 
number of vacuum tubes to vacuum tubes of dif¬ 
ferent power rating or class of operation, nor shall 
it change system of modulation without the author¬ 
ity of the Commission.”** 

§ 3.44 Other changes in equipment. —Other 
changes except as provided for in these rules or 
Standards of Good Engineering Practice, prescribed 
by the Commission, which do not affect the maxi¬ 
mum power rating or operating power of the trans¬ 
mitter or the operation or precision of the frequency 
control equipment may be made at any time without 
authority of the Commission, but in the next suc¬ 
ceeding application for renewal of license such 
changes which affect the information already on file 
shall be shown in full. 

TECHNICAL OPERATION 

§3.51 Operating power; how determined.— 

The operating power of each standard broadcast 
station .shall be determined by: 

(a) Direct measurement of the antenna power in 
accordance with section 3.54.”” 

(1) Each new standard broadcast station. 

(2) Each existing standard broadcast station 
after June 1, 1941.- 

(b) Indirect measurement by means of the plate 
input power to the last radio stage on a temporary 
basis in accordance with sections 3.52 and 3.53. 

(1) In the case of existing standard broadca.st 
stations and pending compliance with paragraph (a) 
(2) of this section. 

(2) In case of an emergency where the licensed 
antenna has been damaged or destroyed by storm or 
other cause beyond the control of the licensee or 
pending completion of authorized changes in the 
antenna system. 

Formal applicatioti required. See Standards of Good 
Engineering Practice for form number. 

06 Program tests on equipment, including a new or differ¬ 
ent antenna system, will not be authorized unless application 
for authority to determine power by the direct method has 
been granted, or is submitted simultaneously with the appli¬ 
cation for license to cover the construction permit and the 
application for license will not be granted until such time 
as the application for direct measurement is approved. 

66 Changes shall not be made except upon making proper 
request and obtaining approval thereof in accordance with 
sections 3.45 and 3.58. 


(c) Upon making any change”” in the antenna 
system, or in the antenna current measuring instru¬ 
ments, or any other change which may change the 
characteristics of the antenna, the licensee shall 
immediately make a new determination of the an¬ 
tenna resistance (see section 3.54) and shall submit 
application for authority to determine power by the 
direct method on the basis of the new measurements. 

§3.52 Operating power; indirect measure¬ 
ment. —The operating power determined by indi¬ 
rect measurement from the plate input power of the 
last radio stage is the product of the plate voltage 
(Ep), the total plate current of the last radio stage 
(/p), and the proper factor (F) given in the follow¬ 
ing tables: that is 

Operating Power EpX Ip X F 

A, Factor to he used for stations employing plate modulation 
in the last radio stage* 

Factor (F) to be used 
in determtninn the 
operattnR pimerfrotn 
the plate input power 


Maximum rated carrier power of 
transmitterif 

100-1,000 watts. 0.70 

5,000 and over watts . .80 


B, Factor to be used for stations of all powers using low level 
modulation* 

Factor (/•') to he uied 
in determining the 
operating power from 
the plate input pirner 

Class of power amplifier in the last 


radio stage: 

Class B. 0.35 

Class BCt.65 


C, Factors to he used for stations of all powers employing 
grid modulation in the last radio stage* 

Fat tor (/'*) to he used 
in determining the 
operating pimer from 
the plate input power 

Type of tube in the last radio stage: 


Table C*.0.25 

Table D*.35 


* See Power Rating of Vacuum Tubes, 
t The maximum rated carrier power must be di.stinguished 
from the operating power. (See section 3.15.) 

t All linear amplifier operation where efficiency ap¬ 
proaches that of class C operation. 

§3.53 Application of efficiency factors. —In 

computing operating power by indirect measurement 
the above factors shall apply in all cases, and no dis¬ 
tinction will be recognized due to the operating 
power being less than the maximum rated carrier 
power. (See Plate Efficiency of Last Radio 
Stage.) 

§ 3.54 Operating power; direct measurement. 

—The antenna input power determined by direct 
measurement is the square of the antenna current 
times the antenna resistance at the point where the 
current is measured and at the operating frequency. 
Direct measurement of the antenna input power will 
be accepted as the operating power of the station, 
provided the data on the antenna resistance measure- 
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ments are submitted under oath giving detailed de¬ 
scription of the method used and the data taken. 
The antenna current shall be measured by an am¬ 
meter of accepted accuracy.®^ These data must be 
submitted to and approved by the Commission be¬ 
fore any licensee will be authorized to operate by 
this method of power determination.^** The antenna 
ammeter shall not be changed to one of different 
type, maximum reading, or accuracy without the 
authority of the Commission. If any change is 
made in the antenna system or any change made 
which may affect the antenna system, the method of 
determining operating power shall be changed im¬ 
mediately to the indirect method. (See Further 
Requirements for Direct Measurements of Power.) 

§ 3.55 Modulation. —(a) A licensee of a broad¬ 
cast station will not be authorized to operate a trans¬ 
mitter unless it is capable of delivering satisfactorily 
the authorized power with a modulation of at least 
85 percent. When the transmitter is operated with 
85 percent modulation, not over 10 percent combined 
audio frequency harmonics shall be generated by 
the transmitter. 

(b) All broadcast stations shall have in operation 
a modulation monitor approved by the Commission. 

(c) The operating percentage of modulation of 
all stations shall be maintained as high as possible 
consistent with good quality of transmission and 
good broadcast practice and in no case less than 85 
percent on peaks of frequent recurrence during any 
selection which normally is transmitted at the high¬ 
est level of the program under consideration. 

(d) The Commission will, from time to time, 
publish the specifications, re(juirenients for approval, 
and a list of approved modulation monitors. (See 
Approved Modulation Monitors and also Require¬ 
ments for Apjiroval of Modulation Monitors.) 

§ 3.56 Modulation; data required. —A licensee 
of a broadcast station claiming a greater percentage 
of modulation than the fundamental design indicates 
can be procured shall submit full data showing the 
antenna input power by direct measurement and 
complete information, either oscillograms or other 
acceptable data, to show that a modulation of 85 
percent or more, with not over 10 percent combined 
audio harmonics, can be obtained with the trans¬ 
mitter operated at the maximum authorized power. 

§ 3.57 Operating power; maintenance of,— 
The licensee of a broadcast station shall mainUiin 
the operating power of the station within the pre¬ 
scribed limits of the licensed power at all times 
except that in an emergency when, due to causes 
beyond the control of the licensee, it becomes im¬ 
possible to operate with the full licensed power, the 
station may be operated at reduced power for a 
period of not to exceed 10 days, provided that the 

07 See Indicating Instruments pursuant to section 3.58. 

08 Formal application required. See Standards of Good 
Engineering Practice for form number. 


Commission and the Engineer in Charge shall be 
notified in writing immediately after the emergency 
develops. (See Operating Power Tolerance.) 

§ 3.58 Indicating instruments. —Each broad¬ 
cast station shall be equipped with suitable indicating 
instruments of accepted accuracy to measure the 
antenna current, direct plate circuit voltage, and the 
direct plate circuit current of the last radio stage. 
These indicating instruments shall not be changed 
or replaced, without authority of the Commission, 
except by instruments of the same type, maximum 
scale reading, and accuracy. (See Indicating In¬ 
struments Pursuant to section 3.58.) 

§ 3.59 Frequency tolerance. —The operating 
frequency of each broadcast station shall be main¬ 
tained within So cycles of the assigned frequency 
until January 1, 1940, and thereafter the frequency 
of each new station or each station where a new 
transmitter is installed shall be maintained within 
20 cycles of the assigned frequency, and after 
January 1, 1942, the freciucncy of all stations shall 
be maintained within 20 cycles of the assigned 
frequency. 

§ 3.60 Frequency monitor. —The licensee of 
each standard broadcast station shall have in opera¬ 
tion at the transmitter a frequency monitor inde¬ 
pendent of the frequency control of the trans¬ 
mitter. The frequency monitor shall be approved 
by the Commission. It shall have a stability and 
accuracy of at least 5 parts per million. (See Ap¬ 
proved Frequency Monitors and also Requirements 
for Approval of Frequency Monitors.) 

General Rules Applicable to Standard Broad¬ 
cast Stations 

§3.164 Station license; posting of. —The sta¬ 
tion license and any other instrument of authoriza¬ 
tion or individual order concerning construction of 
the equipment or the manner of operation of the 
station shall be posted in a conspicuous place in the 
room in which the transmitter is located in such 
manner that all terms thereof are visible and the 
license of the station operator shall be posted in the 
same manner. (See sec. 13.6.) 

§3.165 Licensed operator required. —(j) The 
licensee of each station shall have a licensed opera¬ 
tor or operators of the grade specified by the Com¬ 
mission on duty during all periods of actual opera¬ 
tion of the transmitter at the place where the trans¬ 
mitting equipment is located. (See sec. 13.7.) 

(b) The licensed operator on duty and in charge 
of a standard transmitter may, at the di.scretion of 
the licensee, be employed for other duties or for the 
operation of another radio station or stations in 
accordance with the class of operator’s license 
which he holds and by the rules and regulations 
governing such other stations: Prmnded, hozvever. 
That such duties shall in nowise interfere with the 

f*® See Field Offices of the Commission. 
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proper operation of the standard broadcast trans¬ 
mitter. 

§3.170 Station inspection. —The licensee of 
any radio station shfill make the station available 
for inspection by representatives of the Commis¬ 
sion at any reasonable hour. 

§3.181 Logs. —The licensee of each standard 
broadcast station shall maintain program and op¬ 
erating logs and shall require entries to be made as 
follows: 

(a) In the program log: 

(1) An entry of the time each station identifica¬ 
tion announcement (call letters and location) is 
made. 

(2) An entry briefly describing each program 
broadcast, such as ^‘music,** “drama,” “speech,” etc., 
together with the name or title thereof, and the 
sponsor’s name, with the time of the beginning and 
ending of the complete program. If a mechanical 
record is used, the entry shall show the exact nature 
thereof, such as “record,” “transcription,” etc., and 
the time it is announced as a mechanical record. If 
a speech is made by a political candidate, the name 
and political affiliations of such speaker shall be 
entered. 

(3) An entry showing that each sponsored pro¬ 
gram broadcast has been announced as sponsored, 
paid for, or furnished by the sponsor. 

(4) An entry showing, for each program of net¬ 
work origin, the name of the network originating 
the program. 

(b) In the operating log: 

(1) An entry of the time the station begins to 
supply power to the antenna, and the time it stops. 

(2) An entry of the time the program begins and 
ends. 

(3) An entry of each interruption to the carrier 
wave, its cause, and duration. 

(4) An entry of the following each 30 minutes: 

(i) Operating constants of last radio stage (total 
plate current and plate voltage). 

(ii) Antenna current. 

(m)Frequency monitor reading. 

(i 7 ') Temperature of crystal control chamber if 
thermometer is used. 

(5) Log of experimental operation during ex¬ 
perimental period. (If regular operation is main¬ 
tained during this period, the above logs shall be 
kept.) 

(/) A log must be kept of all operation during 
the experimental period. If the entries required 
above are not applicable thereto, then the entries 
shall be made so as to fully describe the operation. 

(c) Where an antenna or antenna supporting 
structure(s) is required to be illuminated the li¬ 
censee shall make entries in the radio station log 
appropriate to the requirements of section 2.82 (a), 
(b), and (r) as follows: 

(1) The time the tower lights are turned on and 
off if manually controlled. 


(2) The time the daily visual observation of the 
tower lights was made. 

(3) In the event of any ob.served failure of a 
tower light. 

(i) Nature of such failure. 

(m) Time the failure was observed. 

(m) Time and nature of the adjustments, repairs 
or replacements made. 

(hf) Airways Communication Station (C. A. 
A.) notified of the failure of any tower light not 
corrected within 30 minutes and the time such notice 
was given. 

(rO Time notice was given to the Airways Com¬ 
munication Station (C. A. A.) that the required 
illumination was resumed. 

(4) Upon completion of the periodic inspection 
required at least once each 3 months. 

(f) The date of the inspection and the condition 
of all tower lights and associated tower lighting 
control devices. 

(u) Any adjustments, replacements, or repairs 
made to insure compliance with the lighting re¬ 
quirements. 

§3.182 Logs, retention of.®® —Logs of stand¬ 
ard broadcast stations shall be retained by the li¬ 
censee for a period of two years: Provided, how¬ 
ever, That logs involving communications incident 
to a disaster or which include communications inci¬ 
dent to or involved in an investigation by the Com¬ 
mission and concerning which the licensee has been 
notified, shall be retained by the licensee until he is 
specifically authorized in writing by the Commission 
to destroy them: Provided, further. That logs inci¬ 
dent to or involved in any claim or complaint of 
which the licensee has notice shall be retained by 
the licensee until such claim or complaint has been 
fully satisfied or until the same has been barred by 
statute limiting the time for the filing of suits upon 
such claims. 

§ 3.183 Logs, by whom kept. —Each log shall 
be kept by the person or persons competent to do 
so, having actual knowledge of the facts required, 
who shall sign the log when starting duty and again 
when going off duty. The logs shall be made avail¬ 
able upon request by an authorized representative 
of the Commission. 

§ 3.184 Log form. —The log shall be kept in 
an orderly manner, in suitable form, and in such 
detail that the data required for the particular class 
of station concerned are readily available. Key let¬ 
ters or abbreviations may be used if proper meaning 
or explanation is contained elsewhere in the log. 

§3.185 Correction of logs. —No log or por¬ 
tion thereof shall be erased, obliterated, or willfully 
destroyed within the period of retention provided 
by the rules. Any necessary correction may be 

^ «« Attention is called to the fact, however, that applica¬ 
tion forms for licenses and other authorizations require that 
certain operating program data be supplied. It is suggested 
that these application forms be kept in mind in connection 
with maintenance of station program and operating records. 
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made only by the person originating the entry who 
shall strike out the erroneous portion, initial the 
correction made, and indicate the date of correction. 

§3.186 Rough logs. —Rough logs may be 
transcribed into condensed form, but in such case 
the original log or memoranda and all portions 
thereof shall be preserved and made a part of the 
complete log. 

§kl87 Station identification. — (a) A licensee 
of a standard station shall make station identifica¬ 
tion announcement (call letters and location) at the 
beginning and ending of each time of operation and 
during operation (1) on the hour and (2) either 
on the half hour or at the quarter hour following 
the hour and at the quarter hour preceding the next 
hour: Provided, 

(h) Such identification announcement need not 
be made on the hour when to make such announce¬ 
ment would interrupt a single consecutive speech, 
play, religious service, symphony concert, or oper¬ 
atic production of longer duration than 30 minutes. 
In such cases the identification announcement shall 
be made at the beginning of the program, at the first 
interruption of the entertainment continuity, and at 
the conclusion of the program. 

(r) Such identification announcement need not 
be made on the half hour or quarter hours when to 
make such announcement would interrupt a single 
consecutive speech, play, religious service, symphony 
concert, or operatic production. In such cases an 
identification announcement shall be made at the 
first interruption of the entertainment continuity and 
at the conclusion of the program. Provided, That an 
announcement within 5 minutes of the time specified 
in subdivision (2) of paragraph (a) of this section 
will satisfy the requirements of identification 
announcements. 

(d) In the case of variety show programs, base¬ 
ball game broadcasts, or similar programs of longer 
duration than 30 minutes, the identification an¬ 
nouncement shall be made within 5 minutes of the 
hour and of the times specified in subdivision (2) 
of paragraph (a) of this section. 

(e) In the case of all other programs the identi¬ 
fication announcement shall be made within 2 min¬ 
utes of the hour and of the times specified in sub¬ 
division (2) of paragraph (a) of this section. 

(/) In making the identification announcement 
the call letters shall be given only on the channel 
of the station identified thereby, except as otherwise 
provided in § 3.287 of the Commission's rules gov¬ 
erning FM broadcast stations. 

§3.188 Mechanical records.®^ —Each program 

61 During the annual periods in which daylight ^ saving 
time will be effective the reciuirements of this Section are 
waived with respect to network programs, transcribed and 
rebroadcast one hour later because of the time differential 
resulting from the adoption of daylight saving time in some 
areas, this waiver being applicable whether the off-the-Iine 
recording is made by the network itself at one of its k^ 
stations or by an individual station, but only when the off- 
the-line recording is for broadcast one hour later by those 
stations which operate on standard time. Furthermore, 


broadcast which consists in whole or in part of 
one or more mechanical reproductions shall be an¬ 
nounced in the manner and to the extent set out 
below. 

(а) Each such program of longer duration than 
30 minutes, consisting in whole or in part of one or 
more mechanical reproductions, shall be identified by 
appropriate announcement at the beginning of the 
program, at each 30-minutc interval and at the con¬ 
clusion of the program: Provided, hozvcvcr. That 
the identifying announcement at each 30-minute in¬ 
terval is not required in case of a mechanical re¬ 
production consisting of a continuous uninterrupted 
speech, play, religious service, symphony concert, or 
operatic production of longer than 30 minutes. 

{h) Each such program of a longer duration 
than 5 minutes and not in excess of 30 minutes, con¬ 
sisting in whole or in part of one or more mechani¬ 
cal reproductions, shall be identified by an appropri¬ 
ate announcement at the beginning and end of the 
program. 

(c) Each such program of 5 minutes or less, 
consisting in whole or in part of mechanical re¬ 
productions, shall be identified by a])propriate an¬ 
nouncement immediately preceding the use thereof: 
Provided, howci^er, that each such program of one 
minute or less need not be announced as such. 

((/) In case a mechanical reproduction is used 
for background music, sound effects, station identifi¬ 
cation, program identification (theme music of .short 
duration) or identification of the sponsorship of the 
program proper, no announcement of the mechani¬ 
cal reproduction is required. 

(e) The exact form of identifying announcement 
is not prescribed, but the language shall be clear 
and in terms commonly used and understood. A 
licensee shall not attempt affirmatively to create the 
impression that any program being broadcast by 
mechanical reproduction consists of live talent. 

§3.189 Sponsored programs, announcement 
of. —(a) In the case of each program for the 
broadcasting of which money, services, or other 
valuable consideration is either directly or indirectly 
paid or promised to, or charged or received by, any 
radio broadcast station, the station broadcasting 
such program shall make, or cause to be made, an 
appropriate announcement that the program is spon¬ 
sored, paid for, or furnished, either in whole or in 
part. 

(б) In the case of any political program or any 
program involving the discussion of public contro¬ 
versial issues for which any records, transcriptions, 
talent, scripts, or other material or services of any 

each station which broadcasts network programs one hour 
later in accordance with this waiver shall make an appro- 
riate announcement at least once each <lay between the 
ours of 10 a.m. and 10 p.m., stating that some or all of 
the network programs which are broadcast by that station 
are delayed broadcasts by means of transcription, and indi¬ 
cating whether the transcriptions have been made by the 
network or the individual station. A network organization 
or individual station taking advantage of this waiver should 
so advise the Commission. 
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kind are furnished, either directly or indirectly, to 
a station as an inducement to the broadcasting of 
such program, an announcement shall be made both 
at the beginning and conclusion of such program on 
which such material or services are used that such 
records, transcriptions, talent, scripts, or other mate¬ 
rial or services have been furnished to such station 
in connection with the broadcasting of such pro¬ 
gram: Froznded, however, That only one such an¬ 
nouncement need be made in the case of any such 
program of five minutes' duration or less, which an¬ 
nouncement may be made either at the beginning or 
the conclusion of the program. 

(c) The announcement required by this section 
shall fully and fairly disclose the true identity of 
the person or persons by whom or in whose behalf 
such payment is made or promised, or from whom 
or in whose behalf such services or other valuable 
consideration is received, or by whom the material 
or services referred to in subsection (b) hereof are 
furnished. Where an agent or other person con¬ 
tracts or otherwise makes arrangements with a sta¬ 
tion on behalf of another, and such fact is known 
to the station, the announcement shall disclose the 
identity of the ])erson or persons in whose behalf 
such agent is acting instead of the name of such 
agent. 

(d) In the case of any program, other than a 
program advertising commercial products or serv¬ 
ices, which is sponsored, paid for or furnished, 
either in whole or in part, or for which material 
or services referred to in subsection (b) hereof are 
furnished, by a corporation, committee, association 
or other unincorporated group, the announcement 
required by this section, shall disclose the name of 
such corporation, committee, association or other 
unincorporated group. In each such case the sta¬ 
tion shall require that a list of the chief executive 
officers or members of the executive committee or 
of the board of directors of the corporation, com¬ 
mittee, association or other unincorporated group 
shall be made available for public inspection at one 
of the radio stations carrying the jirogram. 

(c) In the ca.se of programs advertising commer¬ 
cial products or services, an announcement stating 
the sponsor’s corporate or trade name or the name 
of the sponsor’s product, shall be deemed sufficient 
for the purposes of this section and only one such 
announcement need be made at any time during the 
course of the program. 

§3.191 Rebroadcast. —(a) The term “rebroad¬ 
cast” means reception by radio of the program®- 
of a radio .station, and the simultaneous or subse¬ 
quent retransmission of such program by a broad¬ 
cast station.®*' 

«2 As used in sec. 3.191, program includes any complete 
progrmn or part thereof, or any signals if other than A-3 
emission. 

«» In case a program is transmitted from its point of 
origin to a broadcast station entirely by telephone facilities 


(b) The licensee of a standard broadcast station 
may, without further authority of the Commission, 
rebroadcast the program of a United States stand¬ 
ard or high frequency broadcast station, provided 
the Commission is notified of the call letters of 
each station rebroadcast and the licensee certifies 
that express authority has been received from the 
licensee of the station originating the program.®^ 

(c) (1) The licensee of a standard broadcast 
station located within a state or the District of Co¬ 
lumbia may, without further authority of the Com¬ 
mission, rebroadcast on a noncommercial basis a 
noncommercial program of a United States inter¬ 
national broadcast station. 

(2) The licensee of a standard broadcast station 
located in any territory or insular pos.session of the 
United States may, without further authority of the 
Commission, rebroadcast any program of a United 
States international broadcast station. 

(3) In the case of any rebroadcast under the 
provisions of this paragraph, the Commission .shall 
be notified of the call letters of each station whose 
programs are rebroadcast and the licen.see shall 
certify that express authority has been received 
from the licensee of the station originating the 
program. 

{d) No licensee of a standard broadcast station 
shall rebroadcast the program of any other class of 
United States radio station without written au¬ 
thority having first been obtained from the Com¬ 
mission upon application accomi)anied by written 
consent or certification of consent of the licensee 
of the station originating the program.®"’* ®®» 

(r) In case of a program rebroadcast by several 
standard broadcast stations, such as a chain rebroad¬ 
cast, the person legally responsible for distributing 
the program or the network facilities may obtain 
the necessary authorization for the entire rebroad¬ 
cast both from the Commission and from the person 
or licensee of the station originating the program. 

Attention is directed to section 325 {b) of the 
Communications Act of 1934, which reads as 
follows: 

No person shall be permitted to locate, use, or 
maintain a radio broadcast studio or other place or 

in which a section of such transmission is by radio, the 
broadcasting of this program is not considered a rcbroadcast. 

The notice and certification of consent .shall be given 
within three (3) days of any single rcbroadcast, but in case 
of tile regular practice of rebroadcasting certain programs 
of a standard or high frequency broadcast station several 
times during a license period, notice and certification of 
consent shall be given for the ensuing license period with 
the application for renewal of license, or at the beginning 
of such rcbroadcast practice if begun during a license period. 

The broadcasting of a program relayed by a relay 
broadcast station (sec. 4.401) is not considered a 
rebroadcast. 

Informal application may be employed. 

By Order No. 82, dated and effective June 24, 1941, 
until further order of the Commission, .section 3.191 (d) 
suspended only insofar as it requires prior written authority 
of the Commission for the rcbroadcasting of programs origi¬ 
nated for that express purpose by United States Government 
radio stations. 
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apparatus from which or whereby sound waves are 
converted into electrical energfy, or mechanical or 
physical reproduction of sound waves produced, and 
caused to be transmitted or delivered to a radio sta¬ 
tion in a foreign country for the purpose of being 
broadcast from any radio station there, having a 
power output of sufficient intensity, and/or being so 
located geographically that its emissions may be re¬ 
ceived consistently in the United States, without first 
obtaining a permit from the Commission upon 
proper application therefor.**^ 

Rules Governing FM Broadcast Stations 

§ 3.239 Use of common antenna site. —No ¥M 

broadcast station license or renewal of an FM 
broadcast station license will be granted to any per¬ 
son who owns, leases, or controls a particular site 
which is peculiarly suitable for FM broadcasting 
in a particular area and (a) which is not available 
for use by other FM licensees; and (b) no other 
comparable site is available in the area; and (r) 
where the exclusive use of such site by the appli¬ 
cant or licensee would unduly limit the number of 
FM stations that cjin be authorized in a particular 
area or would unduly restrict competition among 
I'M stations. 

§3.240 Multiple ownership. — (a) No person 
(including all persons under coniinon control) 
shall, directly or indirectly, own, operate or control 
more than one FM broadcast station that would 
serve substantially the same service area as another 
FM broadcast station owned, operated, or coijtrolled 
by such person. 

(b) No person (including all persons under com¬ 
mon control) shall, directly or indirectly, own, oper¬ 
ate, or control more than one FM broadcast station, 
except upon a showing (1) that such ownership, 
operation, or control would foster competition 
among FM broadcast stations or provide an FM 
broadcasting service distinct and separate from ex¬ 
isting services, and (2) that such ownership, opera¬ 
tion, or control would not result in the concentration 
of control of FM broadcasting facilities in a manner 
inconsistent with public interest, convenience, or 
necessity; Provided, however, That the Commission 
will consider the ownership, operation, or control of 
more than six FM broadcast stations to constitute 
the concentration of control of FM broadcasting 
facilities in a manner inconsistent with public in¬ 
terest, convenience, or necessity. 

RULES RELATING TO EQUIPMENT 

§3.251 Transmitter power. —The rated power 
and operating power range of transmitters shall be 
in accordance with the Standards of Good Engineer¬ 
ing Practice concerning FM broadcast stations. 

Formal application required. Sec Standards of Good 
Engineering Practice for form number. 

80 The word “control” as used herein i.s not limited to 
majority stock ownership, but includes actual working con¬ 
trol in whatever manner exercised. 


§ 3.252 Frequency monitor. —The licensee of 
each FM broadcast station shall have in operation 
at the transmitter an approved frequency monitor 
independent of the frequency control of the trans¬ 
mitter. For detailed requirements thereof see 
Standards of Good Engineering Practice concern¬ 
ing FM broadcast stations. 

§ 3.253 Modulation monitor. —The licensee of 
each FM broadcast station shall have in operation 
at the transmitter an approved modulation monitor. 
For detailed requirements thereof see Standards of 
Good Engineering Practice concerning FM broad¬ 
cast stations. 

§ 3.254 Required transmitter performance.— 

The construction installation, operation, and per¬ 
formance of the FM broadcast transmitting system 
shall he in accordance with the Standards of Good 
Engineering Practice Concerning FM Broadcast 
Stations (sections 8 and 13). The licensee of each 
FM broadcast station shall make the following 
equipment performance measurements at least at 
yearly intervals. (One such set of measurements 
shall be made during the four-month period preced¬ 
ing the date of filing application for renewal of sta¬ 
tion license. ^‘0 

(fl) Audio frequency response from 50 to 15,000 
cycles for approximately 25, 50 and 100 pei'cent 
modulation. Measurements shall be made on at 
least the following audio frecjuencies: 50, 100, 400, 
1000, 5000, 10,000, and 15.000 cycles. The fre¬ 
quency response measurements should normally be 
made without deemphasis; however, standard 75 
microsecond deemphasis may be employed in the 
measuring equipment or system provided the ac¬ 
curacy of the deemphasis circuit is sufficient to in¬ 
sure that the measured response is within the pre¬ 
scribed limits. 

{h) Audio frequency harmonic distortion for 25, 
50 and 100 percent modulation for the fundamental 
frequencies of 50, 100, 400, 1000, and 5000 cycles. 
Audio frequency harmonics for 100 percent modu¬ 
lation for fundamental frequencies of 10,000 and 
15,000 cycles. Measurements shall normally include 
harmonics to 30,000 cycles. The distortion meas¬ 
urements shall be made employing 75 microsecond 
deemphasis in the measuring equipment or system. 

(r) Output noise level (frequency modulation) 
in the band of 50 to 15,000 cycles in decibels below 
the audio frequency level representing a frecjuency 
swing of 75 kilocycles. The noise measurements 
shall be made employing 75 microsecond deemphasis 
in the measuring equipment or system. 

(d) Output noise level (amplitude modulation) 
in the band of 50 to 15,000 cycles in decibels below 
the level representing 100 percent amplitude modu¬ 
lo Applications for renewal of license.^ expiring prior to 
February 1, 1950 are not required to indicate that these 
measurements have been made; applications for renewal of 
licenses expiring on or after February 1, 1950 shall indi¬ 
cate that the measurements have been made. 
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lation. The noise measurements shall be made em¬ 
ploying 75 microsecond deemphasis in the measur¬ 
ing equipment or system. All measurements shall 
be made with the equipment adjusted for normal 
program operation and shall include all circuits be¬ 
tween the main studio microphone terminals and the 
antenna output, including telephone lines, preempha¬ 
sis circuits and any equalizers employed except for 
microphones, and without compression if a com¬ 
pression amplifier is installed. 

The above data, diagrams and appropriate graphs 
together with a description of measurement pro¬ 
cedures and instruments, signed by the engineer 
making the measurements, shall be kept on file at 
the transmitter and shall be made available upon 
reciuesl to any duly authorized representative of the 
Federal Communications Commission. 

§ 3.255 Auxiliary transmitter. —Upon showing 
that a need exists for the use of an auxiliary trans¬ 
mitter in addition to the regular transmitter of a 
broadcast station, a license therefor may be issued 
provided that: 

(а) An auxiliary transmitter may be installed 
either at the same location as the main transmitter 
or at another location. 

(б) A licensed operator shall he in control when¬ 
ever an auxiliary transmitter is placed in operation. 

(r) The auxiliary transmitter shall be maintained 
so that it may be jnit into immediate operation at 
any time for the following purposes: 

(1) The transmission of the regular programs 
upon the failure of the main transmitter. 

(2) The transmission of regular programs dur¬ 
ing maintenance or modification work on the main 
transmitter, necessitating discontinuance of its oper¬ 
ation for a period not to exceed 5 days. 

(3) Upon re(iucst by a duly authorized repre¬ 
sentative of the Commission. 

{d) The auxiliary transmitter shall be tested at 
least once each week to determine that it is in proper 
operating condition and that it is adjusted to the 
proper frequency, except that in case of operation 
in accordance with paragraph (c) of this section 
during any week, the test in that week may be omit¬ 
ted provided the operation under paragraph (r) is 
satisfactory. A record shall be kept of the time 
and result of each test operating under paragraph 
(f). Tests shall be conducted only between mid¬ 
night and 6 a.m., local standard time. 

(e) The auxiliary transmitter shall be equipped 
with satisfactory control equipment which will 
enable the maintenance of the frequency emitted by 
the station within the limits prescribed by these 
regulations. 

ri This includes the equipment changes which may be 
made without authority as set forth elsewhere in the Rules 
and Regulations and the Standards of Good Engineering 
Practice or as authorized by the Commission by letter or by 
construction permit. Where such operation is required for 
periods in excess of 5 days, request therefor shall be in 
accordance with section 1.324. 


(/) The operating power of an auxiliary trans¬ 
mitter may be less than the authorized power of the 
main transmitter, but in no event shall it be greater 
than such power. 

§3.256 Alternate main transmitters. —The li¬ 
censee of a FM broadcast station may be licensed 
for alternate main transmitters provided that a 
technical need for such alternate transmitters is 
shown and that the following conditions are met: 

(a) Both transmitters are located at the same 
place. 

(/;) Both transmitters shall have the same power 
rating. 

(c) Both transmitters shall meet the construc¬ 
tion, installation, operation, and performance re¬ 
quirements of the Standards of Good Engineering 
Practice concerning FM broadcast stations. 

§3.257 Changes in equipment and antenna 
system. —Licensees of FM broadcast stations 
shall observe the following provisions with regard 
to changes in equipment and antenna system: 

(а) No changes in equipment shall be made: 

(1) That would result in the emission of signals 
outside of the authorized channel. 

(2) That would result in the external perform¬ 
ance of the transmitter being in disagreement with 
that prescribed in the Standards of Good Engineer¬ 
ing Practice concerning FM broadcast stations. 

(h) Specific authority, upon filing formal appli¬ 
cation (Form FCC No. 301) therefor, is required 
for a change in service area or for any of the fol¬ 
lowing changes: 

(1) Changes involving an increase or decrease 
in the power rating of the transmitter. 

(2) A replacement of the transmitter as a whole. 

(3) Change in the location of the transmitting 
antenna. 

(4) Change in antenna system, including trans¬ 
mission line. 

(5) Change in location of main studio, if it is 
proposed to move the main studio to a different city 
from that specified in the license. 

(б) Change in the power delivered to the antenna. 

(7) Change in frequency control and/or modula¬ 
tion system. 

(c) Specific authority, upon filing informal re¬ 
quest therefor, is required for a change in the indi¬ 
cating instruments installed to measure transmitter 
power output, except by instruments of the same 
maximum scale reading and accuracy. 

{d) Other changes, except as above provided for 
in this section or in Standards of Good Engineering 
Practice concerning FM broadcast stations pre¬ 
scribed by the Commission may be made at any time 
without the authority of the Commission, provided 
that the Commission shall be promptly notified 

72 Such as licensees maintaining 24-hour schedule and 
needing alternate operation for maintenance, or where de¬ 
velopmental work requires alternate operation. 
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thereof and such changes shall be shown in the next 
application for renewal of license. 

RULES RELATING TO TECHNICAL 
OPERATION 

§ 3.261 Time of operation. —All FM broadcast 
stations will be licensed for unlimited time opera¬ 
tion. Until further notice a minimum of 6 hours 
per day of operation will be required, which shall 
consist of 3 hours during the period 6 a.m. to 6 p.m., 
local standard time, and 3 hours during the period 
6 p.m. to midnight, local standard time. In an emer¬ 
gency, however, when due to causes beyond the con¬ 
trol of a licensee, it becomes impossible to continue 
oi)cration, the station may cease operation for a 
period not to exceed 10 days, provided that the Com¬ 
mission and the cngineer-in-charge of the radio 
district in which the station is located shall be noti¬ 
fied in writing immediately after the emergency 
develops. 

§ 3.262 Experimental operation. —The period 
between 12 midnight and 6 a.m., local standard time, 
may be used for experimental purposes in testing 
and maintaining apparatus by the licensee of any 
FM broadcast station on its assigned frequency and 
not in excess of its authorized power, without spe¬ 
cific authorization from the Commission. 

§ 3.263 Station inspection. —The licensee of 
any FM radio station shall make the station avail¬ 
able for inspection by representatives of the Com¬ 
mission at any reasonable hour. 

§ 3.264 Station license, posting of. —The origi¬ 
nal of each station license shall be posted in the 
transmitter room. 

§ 3.265 Operator requirements. —One or more 
licensed radio telephone first-class operators shall 
be on duty at the place where the transmitting ap¬ 
paratus of each station is located and in actual 
charge thereof whenever it is being operated. The 
original license (or Form FCC No. 759) of each 
station operator shall be posted at the place where 
he is on duty. 'J'he licensed operator on duty and in 
charge of an FM broadcast transmitter may, at the 
discretion of the licensee, be employed for other 
duties or for the operation of another station or 
stations in accordance with the class of operator’s 
license which he holds and by the rules and regula¬ 
tions governing such stations. However, such 
duties shall in no wise interfere with the operation 
of the broadcast transmitter. 

§3.266 Facsimile broadcasting and multiplex 
transmission. — (a) FM broadcast stations may 
transmit simplex facsimile in accordance with trans¬ 
mission standards set forth in the Standards of Good 
Engineering Practice Concerning FM Broadcast 
Stations during periods not devoted to FM aural 
broadcasting. However, such transmissions may 
not exceed one hour during the period between 7 
a.m. and midnight (no limit for the hours between 


midnight and 7 a.m.) and may not be counted to¬ 
ward the minimum operation required by §3.261. 

(b) FM broadcast stations may, upon securing 
authorization from the Commission, transmit multi¬ 
plex facsimile and aural broadcast programs for a 
maximum of three hours between the hours of 7 
a.m. and midnight (no limit for the hours between 
midnight and 7 a.m.) in accordance with transmis¬ 
sion standards set forth in the Standards of Good 
Engineering Practice Concerning FM Broadcast 
Stations provided that the transmission of facsimile 
does not impair the quality of the aural program 
below 10,000 cycles per second, and that a filter or 
other additional equipment is not required for re¬ 
ceivers not cquip])ed to receive facsimile. 

§3.267 Operating power: how determined.— 
The operating power, and the reciuirements for 
maintenance thereof, of each FM broadcast station 
shall be determined by the methods prescribed in the 
Standard'^ of Good Engineering Practice concern¬ 
ing FM broadcast stations. 

§ 3.268 Modulation.—The percentage of mod¬ 
ulation of all stations shall be maintained as high 
as possible consistent with good fjuality of trans¬ 
mission and good broadcast practice and in no case 
less than 85 percent nor more than 100 percent on 
peaks of fre(|uent recurrence during any selection 
w'hich normally is transmitted at the highest level 
of the program under consideration. 

§3.269 Frequency tolerance. —The center fre¬ 
quency of each FM broadcast station shall be main¬ 
tained within 2000 cycles of the assigned center 
frequency. 

§ 3.270 Inspection of tower lights and associ¬ 
ated control equipment. —The licensee of any FM 
station which has an antenna or antenna supporting 
structure(s) reejuired to be illuminated pursuant to 
the provisions of section 303 ((j) of the Communi¬ 
cations Act of 1934, as amended: 

(a) Shall make a visual observation of the tower 
liglits at least once each 24 hours to insure that all 
such lights are functioning properly as reijuired. 

(h) Shall report immediately by telephone or 
telegraph to the nearest Airways Communication 
Station or office of the Civil Aeronautics Adminis¬ 
tration any observed failure of the tower lights, 
not corrected within 30 minutes, regardless of the 
cause of such failure. Further notification by tele¬ 
phone or telegraph shall be given immediately upon 
resumption of the required illumination. 

(r) Shall inspect at intervals of at least once 
each 3 months all flashing or rotating beacons and 
automatic lighting control devices to insure that 
such apparatus is functioning properly as required. 

OTHER RULES RELATING TO OPERATION 
§ 3.281 Logs. —The licensee of each FM broad¬ 
cast station shall maintain separate program and 
operating logs for such station: Proznded, however. 
If the same licensee operates an FM broadcast sta- 
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tion and a standard broadcast station and simul¬ 
taneously broadcasts the same programs over the 
facilities of both such stations, one program log 
may be maintained for both stations for such pe¬ 
riods as both stations simultaneously broadcast the 
same programs. Such licensee shall require entries 
to be made as follows: 

(a) In the program log: 

(1) An entry of the time each station identifica¬ 
tion announcement (call letters and location) is 
made. 

(2) An entry briefly describing each program 
broadcast, such as “music,” “drama,” “speech,” etc., 
together with the name or title thereof and the 
sponsor's name, with the time of the beginning and 
ending of the complete program. If a mechanical 
record is used, the entry shall show the exact nature 
thereof, such as “record,” transcription,” etc., and 
the time it is announced as a mechanical reproduc¬ 
tion. If a speech is m.'ide by a political candidate, 
the name and political affiliations of such speaker 
shall be entered. 

(3) An entry showing that each sponsored pro¬ 
gram broadcast has been announced as sponsored, 
paid for, or furnished by the sponsor. 

(4) An entry showing, for each program of net¬ 
work origin, the name of the network originating 
the program. 

(b) Jn the operating log: 

(1) An entry of the time the station begins to 
supply power to the antenna, and the time it stops. 

(2) An entry of the time the program begins and 
ends. 

(3) An entry of each interruption to the carrier 
wave, its cause, and duration. 

(4) An entry of the following each 30 minutes: 

(t) Operating constants of last radio stage (total 
plate current and plate voltage). 

(u) R.F. transmission line meter reading. 

* (iti) Frequency monitor reading. 

(5) Log of experimental operation during ex¬ 
perimental period (if regular operation is main¬ 
tained during this period, the above logs shall be 
kept). 

(i) A log must be kept of all operation during 
the experimental period. If the entries required 
above are not applicable thereto, then the entries 
shall be made so as to fully describe the operation. 

(f) Where an antenna or antenna supporting 
structure(s) is required to be illuminated the li- 
cen.see shall make entries in the radio station log 
appropriate to the requirements of section 3.270 as 
follows: 

(1) The time the tower lights are turned on and 
off if manually controlled. 

(2) The time the daily visual observation of the 
tower lights was made. 

(3) In the event of any observed failure of a 
tower light. 

(i) Nature of such failure. 


(it) Time the failure was observed. 

(tit) Time and nature of the adjustments, re¬ 
pairs or replacements made. 

(w) Airways Communication Station (C. A. A.) 
notified of the failure of any tower light not cor¬ 
rected within 30 minutes and the time such notice 
was given. 

(rO Time notice was given to the Airways Com¬ 
munication Station (C. A. A.) that the required 
illumination was resumed. 

(4) Upon completion of the periodic inspection 
required at least once each 3 months. 

(i) The date of the inspection and the condition 
of all tower lights and associated tower lighting 
control devices. 

(it) Any adjustments, replacements or repairs 
made to insure compliance with the lighting 
requirements. 

§ 3.282 Logs, retention of. —Logs of FM 
broadcast stations shall be retained by the licensee 
for a period of two years: Provided, however. That 
logs involving communications incident to a dis¬ 
aster or which include communications incident to 
or involved in an investigation by the Commission 
and concerning which the licensee has been notified, 
shall be retained by the licensee until he is specifi¬ 
cally authorized in writing by the Commission to 
destroy them: Provided, further, Tliat logs incident 
to or involved in any claim or complaint of which 
the licensee has notice shall be retained by the li- 
ccn.see until such claim or complaint has been fully 
.satisfied or until the same has been barred by statute 
limiting the time for the filing of suits upon such 
claims. 

§ 3.283 Logs, by whom kept. —Each log shall 
be kept by the person or persons competent to do so, 
having actual knowledge of the facts re(|uired, who 
shall sign the log when starting duty and again when 
going off duty. The logs shall be made available 
upon recjuest by an authorized representative of the 
Commission. 

§3.284 Log form. —The log .shall be kept in 
an orderly manner, in suitable form, and in such 
detail that the data required for the particular class 
of station concerned are readily available. Key 
letters or abbreviations may be used if proper mean¬ 
ing or explanation is contained elsewhere in the log. 

§ 3.285 Correction of logs. —No log or portion 
thereof shall be erased, obliterated, or willfully de¬ 
stroyed within the period of retention provided by 
the rules. Any necessary correction may be made 
only by the person originating the entry who shall 
strike out the erroneous portion, initial the correc¬ 
tion made, and indicate the date of correction. 

§ 3.286 Rough logs. —Rough logs may be 
transcribed into condensed form, but in such case 
the original log or memoranda and all portions 
thereof shall be preserved and made a part of the 
complete log. 
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§3.287 Station identification.— (a) A licensee 
of an FM broadcast station shall make separate sta¬ 
tion identification announcement (call letters and 
location) for such station: Provided, h(yive 7 *cr. That 
if the same licensee operates an FM broadcast sta¬ 
tion and a standard broadcast station and simul¬ 
taneously broadcasts the same progframs over the 
facilities of both such stations, station identifica¬ 
tion announcements may be made jointly for both 
stations for periods of such simultaneous operation. 
If the call letters of the FM station do not clearly 
reveal that it is an FM station, the joint announce¬ 
ment shall state that one of the stations is an FM 
station. Station identification announcement shall 
be made at the befjinning and ending: of each time 
of operation and during: operation (1) on the hour 
and (2) either on the half hour or at the quarter 
hour following: the hour and at the quarter hour 
precedinj^ the next hour: Provided, 

(h) Such identification announcement need not 
be made on the hour when to make such announce¬ 
ment would interrupt a sing:le consecutive speech, 
play, religious service, symphony concert, or oper¬ 
atic production of long:er duration than 30 minutes. 
In such cases the identification and announcement 
shall be made at the l)eg:inninj^ of the prog:ram, at 
the first interruption of the entertainment continuity, 
and at the conclusion of the program. 

(r) Such identification announcement need not be 
made on the half hour or quarter hours when to 
make such announcement would interrupt a single 
consecutive speech, play, religious service, symphony 
concert, or operatic production. In such ca.scs an 
identification announcement shall be made at the 
first interruption of the entertainment continuity 
and at the conclusion of the program, Provided, 
That an announcement within 5 minutes of the times 
specified in subdivision (2) of paragraph (a) of 
this section will satisfy the requirements of identi¬ 
fication announcements. 

(d) In the case of variety show programs, base¬ 
ball game programs, or similar programs of longer 
duration than 30 minutes, the identification an¬ 
nouncement shall be made within 5 minutes of the 
hour and of the times specified in subdivision (2) 
of paragraph (a) of this section. 

(c) In the case of all other programs, the identi¬ 
fication announcement shall be made within 2 min¬ 
utes of the hour and of the times specified in sub¬ 
division (2) of paragraph (a) of this section. 

(/) In making the identification announcement, 
the call letters shall be given only on the channel 
of the station identified thereby except as otherwise 
provided herein. 

§ 3.288 Mechanical records. —Each program 
broadcast which consists in whole or in part of one 
or more mechanical reproductions shall be an¬ 
nounced in the manner and to the extent set out 
below. 


(o) Each such program of longer duration than 
30 minutes, consisting in whole or in part of one 
or more mechanical reproductions, shall be identi¬ 
fied by appropriate announcement at the beginning 
of the program, at each 30-minute interval and at 
the conclusion of the program; Provided, hozvex'cr, 
That the identifying announcement at each 30- 
niinute interval is not required in case of a mechani¬ 
cal reproduction consisting of a continuous uninter¬ 
rupted speech, play, religious service, symphony con¬ 
cert, or operatic production of longer than 30 
minutes. 

(b) Each such program of a longer duration than 
5 minutes and not in excess of 30 minutes, consisting 
in w'holc or in part of one or more mechanical re¬ 
productions, shall be identified by an appropriate 
aniioimccment at the beginning and end of the 
program. 

(r) ICach such program of S minutes or less, 
consist 1)4 in whole or in part of mechanical repro- 
ductioMs. shall be identified by appropriate an¬ 
nouncement immediately preceding the use thereof: 
Provided, hoioever, That each such program of one 
minute or less need not be announced as such. 

{d) In case a mechanical reproduction is used for 
background music, sound effects, station identifica¬ 
tion, program identification (theme music of short 
duration) or identification of the spon.sorship of 
the program proper, no announcement of the me¬ 
chanical reproduction is re<iuired. 

(c) The exact form of identifying announce¬ 
ment is not prescribed, but the language shall be 
clear and in terms commonly used and understood. 
A licensee shall not attempt affirmatively to create 
the impression that any program being broadcast by 
mechanical reproduction consists of live talent. 

§ 3.289 Sponsored programs, announcement 
of. —(a) In the case of each program for the broad¬ 
casting of which money, services, or other valuable 
consideration is either directly or indirectly paid or 
promised to, or charged or received by, any radio 
broadcast station, the station broadcasting such jiro- 
gram shall make, or cause to be made, an appropriate 
announcement that the program is sponsored, paid 
for, or furnished, either in whole or in part. 

{h) In the case of any political program or any 
program involving the discussion of juiblic contro¬ 
versial issues for which any records, transcriptions, 
talent, scripts, or other material or services of any 
kind are furnished, either directly or indirectly,, to a 
station as an inducement to the broadcasting of such 
program, an announcement shall be made both at the 
beginning and conclusion of such program on which 
such material or services are used that such records, 
transcriptions, talent, scripts, or other material or 
services have been furnished to such station in con¬ 
nection with the broadcasting of such program: 
Provided, howrver, That only one such announce¬ 
ment need be made in the case of any such program 
of 5 minutes’ duration or less, which announcement 
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may be made either at the beginning or conclusion 
of the program. 

(c) The announcement required by this section 
shall fully and fairly disclose the true identity of 
the person or persons by whom or in whose behalf 
such payment is made or promised, or from whom 
or in whose behalf such services or other valuable 
consideration is received, or by whom the material 
or services referred to in subsection (b) hereof are 
furnished. Where an agent or other person con¬ 
tracts or otherwise makes arrangements with a sta¬ 
tion on behalf of another, and such fact is known 
to the station, the announcement shall disclose the 
identity of the person or persons in whose behalf 
such agent is acting instead of the name of such 
agent. 

(d) In the case of any program, other than a 
program advertising commercial products or serv¬ 
ices, which is sponsored, paid for or furnished, 
either in whole or in part, or for which material or 
services referred to in subsection (b) hereof are 
furnished, by a corporation, committee, association 
or other unincorporated group, the announcement 
required by this section, shall disclose the name of 
such corporation, committee, association or other 
unincorporated group. In each such case the sta¬ 
tion shall recpiire that a list of the chief executive 
officers or members of the executive committee or 
of the board of directors of the corporation, com¬ 
mittee, association or other unincorporated group 
shall be made available for public inspection at one 
of the radio stations carrying the program, 

(c) In the case of programs advertising commer¬ 
cial products or services, an announcement staling 
the sjjonsor’s corporate or trade name or the name 
of the sponsor’s product, shall be deemed sufficient 
for the purposes of this section and only one such 
announcement need be made at any time during the 
course of the program. 

Rules Governing Television Broadcast 
Stations 

CLASSIFICATION OF TELEVISION STA¬ 
TIONS AND ALLOCATION OF 
FREQUENCIES 

§ 3.601 Numerical designation of television 
channels. —The channels or frequency bands set 
forth below are available for television broadcast 
stations. 


Channel No. 

Megacycles 

Channel No. 

Megacycles 



7 

174-180 


54-60 

8 

180-186 


60-66 

9 

186-192 


66-72 

10 

192-198 


76-82 

11 

198-204 


82-88 

12 

204-210 



13 

210-216 


RULES RELATING TO EQUIPMENT 

§ 3.651 Transmitter power.—The rated power 
and operating power range of transmitters shall be 


in accordance with the Standards of Good Engi¬ 
neering Practice concerning Television Broadcast 
Stations. 

§ 3.652 Frequency monitors. —The licensee of 
each television broadcast station shall have in opera¬ 
tion at the transmitters frequency monitors inde¬ 
pendent of the frequency control of the transmitters. 

§ 3.653 Modulation monitors. —The licensee 
of each television broadcast station shall have in 
operation at the transmitter a modulation monitor 
for the aural transmitter. There shall also be suffi¬ 
cient monitoring equipment for the visual signal to 
determine that the signal complies with the Stand¬ 
ards of Good Engineering Practice concerning Tele¬ 
vision Broadcast Stations. 

§3.654 Required transmitter performance.— 
'Fhe construction, installation, operation, and per¬ 
formance of the television broadcast transmitter 
system shall be in accordance with the Standards 
of Good Engineering Practice concerning I'ele- 
vision Broadcast Stations. 

§3.655 Auxiliary transmitter.—Upon showing 
that a need exists for the use of auxiliary transmit¬ 
ters in addition to the regular transmitters of a tele¬ 
vision station, a license therefor may be issued pro¬ 
vided that: 

(o) Auxiliary transmitters may be installed 
either at the same location as the main transmitters 
or at another location. 

(6) A licensed operator shall be in control when¬ 
ever auxiliary transmitters are placed in operation. 

(c) The auxiliary transmitters shall be main¬ 
tained so that they may be put into immediate opera¬ 
tion at any time for the following purposes: 

(1) The transmission of the regular programs 
upon the failure of the main transmitters. 

(2) The transmission of regular programs dur¬ 
ing maintenance or modification work on the main 
transmitter, necessitating discontinuance of its op¬ 
eration for a period not to exceed five days. 

(3) Upon request by a duly authorized repre¬ 
sentative of the Commission. 

(d) Each auxiliary transmitter shall be tested at 
least once each week to determine that it is in proper 
operating condition and that it is adjusted to the 
proper frequency, except that in case of operation 
in accordance with paragraph (c) of this section 
during any week, the test in that week may be omit¬ 
ted provided the operation under paragraph (c) is 
satisfactory. A record shall be kept of the time and 
result of each test operating under paragraph (c). 

(e) The auxiliary transmitters shall be equipped 
with. satisfactory control equipment which will 
enable the maintenance of the frequency emitted by 

73 This includes the equipment changes which may be 
made without authority as set forth elsewhere in the Rules 
and Regulations and the Standards of Good Engineering 
Practice or as authorized by the Commission by letter or by 
construction permit. Where such operation is required for 
periods in excess of S days, request therefor shall be in 
accordance with section 1.324. 
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the station within the limits prescribed by these 
regulations. 

(/) The operating power of an auxiliary trans¬ 
mitter may be less than the authorized power of the 
main transmitters, but in no event shall it be greater 
than such power. 

§ 3.656 Alternate main transmitters. —The li¬ 
censee of a television broadcast station may be li¬ 
censed for alternate main transmitters provided that 
a technical need for such alternate transmitters is 
shown and that the following conditions are met: 

(a) Both transmitters are located at the same 
place. 

(b) Both transmitters shall have the same power 
rating, 

(f) Both transmitters shall meet the construction, 
installation, operation, and performance require¬ 
ments of the Standards of Good Engineering IVac- 
tice concerning Television Broadcast Stations. 

§ 3.657 Changes in equipment and antenna 
system. —Licensees of television broadcast sta¬ 
tions shall observe the following provisions with 
regard to changes in equipment and antenna system; 

(a) No changes in equipment shall be made: 

(1) That would result in the emission of signals 
outside of the authorized channel. 

(2) That would result in the external perform¬ 
ance of the transmitter being in disagreement with 
that prescribed in the Standards of Good Engineer¬ 
ing Practice concerning Television Broadcast 
Stations. 

(b) Specific authority, upon filing formal appli¬ 
cation (Form FCC No. 301) therefor, is required 
for a change in service area or for any of the 
following changes: 

(1) Changes involving an increase or decrease in 
the power rating of the transmitters. 

(2) A replacement of the transmitters as a whole. 

(3) Change in the location of the transmitting 
antenna. 

(4) Change in antenna system, including trans¬ 
mission line. 

(5) Change in location of main studio, if it is 
proposed to move the main studio to a different city 
from that specified in the license. 

(6) Change in the power delivered to the antenna: 

(7) Change in frequency control and/or modula¬ 
tion system. 

(c) Specific authority, upon filing informal re¬ 
quest therefor, is required for a change in the indi¬ 
cating instruments installed to measure transmitter 
power output, except by instruments of the same 
maximum scale reading and accuracy. 

(d) Other changes, except as above provided for 
in this section or in Standards of Good Engineering 
Practice concerning Television Broadcast Stations 
prescribed by the Commission may be made at any 
time without the authority of the Commission, pro¬ 
vided that the Commission shall be promptly notified 


thereof and such changes shall be shown in the next 
application for renewal of license. 

RULES RELATING TO TECHNICAL 
OPERATION 

§3.661 Time of operation. —(a) All television 
broadcast stations will be licensed for unlimited 
time operation. Each such station shall maintain a 
regular program operating schedule as follows: not 
less than two hours daily in any five broadcast days 
per week and not less than a total of twelve hours 
per week during the first eighteen months of the 
station's operations; not less than two hours daily 
in any five broadcast days per week and not less 
than a total of sixteen hours, twenty hours and 
twenty-four hours per week for each successive six 
month period of operation, respectively; and not 
less than two hours in each of the seven days of the 
week and not less than a total of twenty-eight hours 
per wef'k thereafter. “Operation" includes the pe¬ 
riod during which a station is operated pursuant to 
special temporary authority or during program tests, 
as well as during the license period. Time devoted 
to test patterns, or to aural presentations accom¬ 
panied by the incidental use of fixed visual images 
which have no substantial relationship to the sub¬ 
ject matter of such aural presentations, shall not be 
considered in computing periods of program serv¬ 
ice. If, in the event of an emergency due to causes 
beyond the control of a licensee, it becomes impos¬ 
sible to continue operation, the Gomniission and the 
Engineer in Charge of the radio district in which 
the station is located shall be notified in writing 
immediately after the emergency develops and im¬ 
mediately after the emergency ceases and operation 
is resumed. 

(b) The aural transmitter of a television broad¬ 
cast station shall not be operated separately from 
the visual transmitter except for experimental or 
test purposes. 

(r) Persons desiring to enter into a voluntary 
sharing arrangement of a television channel may 
file application therefor with the Commission. 
Copies of the time-sharing agreement should be filed 
with the application. 

§ 3.662 Experimental operation. —Television 
broadcast stations may conduct technical experi¬ 
mentation directed to the improvement of technical 
phases of operation and for such purposes may uti¬ 
lize a signal other than the standard television sig¬ 
nal subject to the following conditions: 

(fl) That the licensee complies with the provi¬ 
sions of section 3.661 with regard to the minimum 
number of hours of transmission with a standard 
television signal. 

(b) That no transmissions are radiated outside 
of the authorized channel and subject to the condi¬ 
tion that no interference is caused to the transmis¬ 
sions of a standard television signal by other tele¬ 
vision broadcast stations. 
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(f) No charges either direct or indirect vshall be 
made by the licensee of a television broadcast station 
for the production or transmission of programs 
when conducting technical experimentation. 

§ 3.663 Station inspection. —The licensee of 
any televison broadcast station shall make the sta¬ 
tion available for inspection by representatives of 
the Commission at any reasonable hour. 

§ 3.664 Station license, posting of. —The origi¬ 
nal of each station license shall be posted in the 
transmitter room. 

§ 3.665 Operator requirements. —One or more 
licensed radio-telephone first class operators shall be 
on duty at the place where the transmitting appa¬ 
ratus of each station is located and in actual charge 
thereof whenever it is being operated. The original 
license (or Form FCC No. 759) of each station 
operator shall be posted at the place where he is on 
duty. The licensed operator on duty and in charge 
of a television broadcast traiusmittcr may, at the 
discretion of the licensee, be employed for other 
tluties or for the operation of another station or sta¬ 
tions in accordance witli the class of operator's li- 
cetise which he liolds and by the rules and regula¬ 
tions governing such stations. However, such 
duties shall in no wise interfere with the operation 
of the broadcast transmitter. 

§ 3.666 Operating power: how determined.— 
The operating power, and the re(|uirements for 
maintenance thereof, of each television broadcast 
station shall he determined by the methods pre¬ 
scribed in the Standards of Good Engineering Prac¬ 
tice concerning Television Broadcast Stations. 

§ 3.667 Modulation.—The percentage of mod¬ 
ulation of the aural transtri.ssions shall be main¬ 
tained as high as possible consistent with good qual¬ 
ity of transmission and good broadcast practice and 
ill no case less than 85 per cent nor more than 100 
percent on peaks of frequent recurrence during any 
selection which normally is transmitted at the high¬ 
est level of the program under consideration. 

§3.668 Frequency Tolerance. —The operating 
frequencies of the aural and visual transmitters of a 
television broadcast station shall be maintained 
within .002 percent of the assigned frequencies. 

§ 3.669 Inspection of tower lights and associ¬ 
ated control equipment. —The licensee of any 
television station which has an antenna or antenna 
supporting structure (s) required to be illuminated 
pursuant to the provisions of section 303 (q) of 
the Communications Act of 1934, as amended: 

(a) Shall make a visual observation of the tower 
lights at least once each 24 hours to insure that all 
such lights are functioning properly as required. 

(b) Shall report immediately by telephone or 
telegraph to the nearest Airways Communication 
Station or office of the Civil Aeronautics Adminis¬ 
tration any observed failure of the tower lights, not 
corrected within 30 minutes, regardless of the cause 
of such failure. Further notification by telephone 


or telegraph shall be given immediately upon re¬ 
sumption of the required illumination. 

(c) Shall inspect at intervals of at least once 
each 3 months all flashing or rotating beacons and 
automatic lighting control devices to insure that 
such apparatus is functioning properly as required. 

OTHER RULES RELATING TO OPERATION 

§ 3.681 Logs. —The licensee of each television 
station shall maintain program and operating logs 
and shall require entires to be made as follows: 

(a) In the program log: 

(1) An entry of the time each station identifica¬ 
tion announcement (call letters and location) is 
made. 

(2) An entry briefly describing each program 
broadcast, such as “music,” “drama,” “speech,” etc., 
together with the name or title thereof and the spon¬ 
sor's name, with the time of the beginning and end¬ 
ing of the complete program. If a mechanical re¬ 
production, either visual or aural, is used, the entry 
shall show the exact nature thereof, and the time 
it is announced as a mechanical reproduction. If a 
speech is made by a political candidate, the name and 
political affiliations of such speaker shall be entered. 

(3) An entry showing that each sponsored pro¬ 
gram broadcast has been announced as sponsored, 
paid for, or furnished l)y the sponsor. 

(4) An entry showing, for each program of net¬ 
work origin, the name of the network originating 
the program. 

(b) In the operating log: 

(1) An entry of the time the station begins to 
supply power to the antenna, and the time it stops. 

(2) An entry of the time the program begins and 
ends. 

(3) An entry of each interruption to the carrier 
wave, its cause, and duration. 

(4) An entry of the following each 30 minutes: 

(i) Operating constants of last radio stage of the 
aural transmitter (total plate current and plate 
voltage). 

(ii) Transmission line current or voltage of both 
transmitters. 

(iii) Frequency monitor reading. 

(5) Log of experimental operation during ex¬ 
perimental period (if regular operation is main¬ 
tained during this period, the above logs shall be 
kept). 

(i) A log must be kept of all operation during 
the experimental period. If the entries required 
above are not applicable thereto, then the entries 
shall be made so as to fully describe the operation. 

(c) ’Where an antenna or antenna supporting 
structure(s) is required to be illuminated, the li¬ 
censee shall make entries in the radio station log 
appropriate to the requirements of section 3.669 as 
follows: 

(1) The time the tower lights are turned on and 
off if manually controlled. 
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(2) The time the daily visual observation of the 
tower lights was made. 

(3) In the event of any observed failure of a 
tower light. 

(i) Nature of such failure. 

(ii) Time the failure was observed. 

(iii) Time and nature of the adjustments, repairs 
or replacements made. 

(iv) Airways C'ommunication Station (C. A. A.) 
notified of the failure of any tower light not cor¬ 
rected within thirty minutes and the time such 
notice was given. 

(v) Time notice was given to the Airways Com¬ 
munication Station (C. A. A.) that the recjuired 
illumination was resumed. 

(4) Upon completion of the periodic inspection 
required at least once each three months. 

(i) The date of the inspection and the condition 
of all tower lights and associated tower lighting 
control devices. 

(ii) Any adjustments, replacements or repairs 
made to insure compliance with the lighting 
requirements. 

§ 3.682 Logs, retention of. —Logs of television 
broadcast stations shall be retained by the licensee 
for a period of two years, Provided, however, 1'hat 
logs involving communications incident to a dis¬ 
aster or which include coinnuinications incident to 
or involved in an investigation by the Commission 
and concerning which the licensee has been noti¬ 
fied, shall be retained by the licensee until he is 
speeifically authorized in writing by the Commis¬ 
sion to destroy them; Provided, further, 'J'hat logs 
incident to or involved in any claim or complaint of 
which the licensee has notice shall he retained by 
the licensee until such claim or comi)laint has been 
fully satisfied or until the .same has been barred by 
statute limiting the time for the filing of suits upon 
such claims. 

§ 3.683 Logs, by whom kept.-— Each log shall 
be kept by the person or persons cf)mpetcnt to do 
so, having actual knowledge of the facts recpiired, 
who shall sign the log when starting duty and again 
when going off duty. The logs shall be made avail¬ 
able upon request by an authorized representative of 
the Commission. 

§ 3.684 Log form. —The log shall be kept in 
an orderly manner, in suitable form, and in such 
detail that the data required for the ])articular class 
of station concerned are readily available. Key 


letters or abbreviations may be used if proper mean¬ 
ing or explanation is contained elsewhere in the log. 

§3.685 Correction of logs. —No log or j>or- 
tion thereof shall be erased, obliterated, or wilfully 
destroyed within the period of retention provided 
by the rules. Any necessary correction may be 
made only by the person originating the entry who 
shall strike out the erroneous portion, initial the 
correction made, and indicate the date (jf correction. 

§ 3.686 Rough logs.— Rough logs may be tran¬ 
scribed into condensed form, hut in such case, tlie 
original log or memoranda and all portions thereof 
shall be preserved and made a part of the complete 
log. 

§ 3.687 Station identification. — (a) A licensee 
of a television broadcast station shall make station 
idenldication announcement (call letters and loca¬ 
tion), at the beginning and ending of each time of 
operation and during the operation on the hour. 
The ai. louncement at the beginning and ending of 
each time of oi)eration shall be by both aural and 
vi.sual means. Other announcements may be by 
either aural or vi.sual means. 

(b) Identification announcements during oi)era- 
tion need not be made when to make such announce¬ 
ment would interrupt a single consecutive speech, 
play, religious service, symphony concert, or any 
ty])e of production. In such cases the identification 
announcement .shall be made at the first interruption 
of the entertainnamt continuity and at the conclusion 
thereof. 

§ 3.688 Mechanical reproductions. —( a ) Each 
program which consists in whole or in part of one 
or more mechanical reproductions, either visual or 
aural, shall be accom])anied by an a])propriate an¬ 
nouncement to that effect either at the beginning or 
end of such reproduction or at tlie beginning or end 
of the program in which such rej)roduction is used. 
No such announcement shall be recjuircd where a 
mechanical reproduction is used for background 
music, sound effects, station identification, j)rogram 
identification (theme music of .short duration) or 
identification of sponsorship of the program proper. 

(b) The exact form of identifying announcement 
is not prescribed, but the language shall be clear and 
in terms commonly u.sed and understood. The li¬ 
censee shall not attempt affirmatively to create the 
impression that any program being broadcast by 
mechanical reproduction consists of live talent. 



CHAPTER 21 


INTERNATIONAL TELECOMMUNICATION CON¬ 
VENTION OF ATLANTIC CITY AND RADIO 
REGULATIONS, 1947 


A new International Radio Conference held in 
Atlantic City, New Jersey, during 1947 produced 
the Atlantic City Radio Regulations, 1947, which 
replace the nine-year-old Cairo Regulations. The 
Atlantic City Radio Regulations, 1947, coupled to 
the Atlantic City Convention ratified by the United 
States Senate, represent the basic and overriding 
international treaty relative to telecommunications 
to which our national law and action must conform. 

The Atlantic City Radio Regulations provide for 
significant changes in the operation of both the 
maritime and aeronautical services. It has been 
long considered that adequate communication chan¬ 
nels should be provided for the joint use of ships 
and aircraft. Article 33 makes such channels avail¬ 
able and provides additional facilities for the pro¬ 
motion of safety, operational communications and 
the handling of public correspondence between the 
two services. 

Furthermore, a new concept of ship radiotele¬ 
graph operation in the high-frequency maritime 
bands is made possible by a '‘calling-channelling” 
plan of operation. This plan provides for a plu¬ 
rality of calling frequencies, specific channelling and 
harmonic relationship of ship channels throughout 
the maritime bands except the 22 me band. 

High-frequency Maritime Radiotelegraph Serv¬ 
ice —Each of the ship radiotelegraph bands are 
divided into three parts as follows: 

(a) Passenger ship working 

(b) Calling 

(r) Cargo ship working 

Each Administration must through its licensing 
authority assign progressively to each of its cargo 
ships, in turn, consecutive pairs of working fre¬ 
quencies, each pair equally spaced. Also, each Ad¬ 
ministration must assign calling frequencies in each 
calling band in accordance with a system of rotation 
similar to the foregoing. However, the calling 
band is to be used jointly by both cargo and pas¬ 
senger vessels. Each ship is to have but one fre¬ 
quency in each calling band. 

An aircraft desiring to communicate with coast 
stations or ships may use the center frequency in 
any one of the calling bands and then shift to any 
of the working frequencies for passenger vessels to 
transmit traffic. 

A spacing of 1 kc between calling frequencies in 
the 4()00-kc band was agreed upon which will auto¬ 


matically fix the spacing in the harmonically related 
calling bands. The center calling frequency in each 
band is reserved, as far as possible, for aircraft sta¬ 
tions to establish communication with stations in 
the maritime mobile service. 

Maritime Mobile Radiotelephone Service— 
Three important advances having for their pur¬ 
pose the promotion of safety was made in the mari¬ 
time mobile radiotelephone service. They were as 
follows: 

(a) Designation of the frequency 2182 kc as a 
world-wide calling and distress frequency for the 
maritime mobile radiotelephone service. 

(b) Designation of nine series of paired frequen¬ 
cies in the 4000, 8000, 12,000, 16,000 and 22,000 kc 
bands for assignment to ship and coast stations on 
the world-wide basis for radiotelephony. 

(f) Designation of the frequency of 156.8 me 
for world-wide use on a simplex basis in the mari¬ 
time mobile radiotelephone service for calling, 
safety, intership and harbor control purposes. 

Survival Craft Frequency —The Conference 
allocated the center calling frequency of 8364 kc in 
the 80()()-kc band for use of radio-eejuipped lifeboats 
.and liferafts. This allocation is in addition to the 
500-kc frequency previously used by survival craft. 
The use of this high frequency has the distinct ad¬ 
vantage of being continuously looked over by oper¬ 
ators on watch in coast stations while monitoring 
the 8000-kc band. In addition it permits locating 
survival craft by high frequency direction-finding 
nets. 

Distress Procedure —Both new and modified 
regulations were adopted to enhance safety and 
rescue at sea and in the air. The changes and addi¬ 
tions may be summed up as follows: 

(1) A ship station which cannot transmit on the 
international distress frequencies (500 kc and 2182 
kc) shall use their normal calling frequency for 
distress purposes. 

(2) When circumstances permit, the transmission 
of the distress call is separated from the end of the 
auto-alarm signal by an interval of two minutes. 
In this case, the alarm signal must be followed im¬ 
mediately by the SOS call sent three times, in order 
to operate an automatic apparatus which can be 
actuated by the SOS call since the adoption of the 
alarm signal and auto-alarm equipment does not 
prevent an administration from authorizing the use 
of automatic apparatus which satisfies the condi- 
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tions of the regulations and can be actuated by the 
SOS call. 

(3) In the radiotelephone service before speak¬ 
ing the distress call “Mayday’' attention to its trans¬ 
mission can be preceded by transmitting the SOS 
call by means of a whistle or any suitable means. 
"I'lie transmission of Mayday spoken three times is 
followed by the words “this is” and then the identi¬ 
fication of the mobile station in distress, repeated 
three times. 

(4) To assist direction finders to obtain bearings 
on a mobile station in distress, provision is made 
to transmit two dashes of approximately 10 seconds 
duration after the transmission of the distress mes¬ 
sage. Also, immediately before a crash or forced 
landing of an aircraft or before the total abandon¬ 
ment of a ship or an aircraft, the transmitter must 
be turned on with the key locked, thus insuring a 
continuous emission until the power supply fails. 
This measure enables bearings to be obtained by 
direction finders on the stricken craft. 

(5) The operator of a station in distress may 
impose silence in his discretion either on all or any 
station in the area which interferes with the distress 
traffic. Moreover, the use of the QRT signal must 
be reserved, as far as possible for the use of the 
mobile station in distress and for the station con¬ 
trolling distress traffic. 

(6) Deletion of certain Cairo regulations wso that 
no unnecessary restrictions will be imposed on 
communications which do not interfere with dis¬ 
tress traffic. 

(7) A regulation requiring land stations receiv¬ 
ing a distress message to advise, without delay, the 
authorities participating in operation of the re.scue 
facilities. 

(8) Provision made whereby an aircraft may use 
the urgency signal in the same sense as that used in 
the maritime mobile service. 

(9) A station hearing the safety signal is no 
longer required to listen until completion of the 
message following the safety signal but only until 
it is assumed that the message is of no further 
interest to itself. 

Technical Conditions —The most significant 
technical requirements imposed by the Atlantic City 
Regulations as they pertain to the maritime and 
aeronautical mobile services arc as follows: 

(a) Certain ship stations working on class A1 
emission must be able to transmit and receive on 
at least two working frequencies in addition to one 
calling frequency in the bands necessary to carry 
on their services. 

(b) Changes of frequency for all transmitting 
and receiving apparatus installed in ship stations for 
the use of class A1 emissions must be effected within 
5 (five) seconds if the frequencies are in the same 
band, and within IS (fifteen) seconds if the fre¬ 
quencies are in different bands. 


(c) The restriction on the energy radiated by 
receiving apparatus was broadened to include en¬ 
ergy - adiated in any manner whatsoever instead of 
that caused by current induced in the antenna and 
it is specified that the interference produced by such 
radiation not cause harmful interference to any 
station rather than to a neighboring station as in 
Cairo. The Cairo provision was somewhat weak¬ 
ened, although made more specific, by the new re¬ 
quirement that interference must be harmful rather 
than merely disturbing other stations, as formerly. 

(d) The recommendation of Cairo that ship sta¬ 
tions of the first and second cat(‘gories be equipped 
with devices permitting change-over from trans¬ 
mission to reception and vice versa without manual 
switching was broadened to include all ship radio- 
teh graph stations and strengthened to require such 
devices as soon as possible. 

In order to take into account the requirements 
of sea.cb and rescue, the following new technical 
conditions governing the equipment on board sur¬ 
vival craft were approved: 

(a) Compulsory installations mu.st comprise a 
radiotelegraph eciuipment ca])able of transmitting 
with preferably class A2 emission on 500 kc and, 
if it provides for the use of frequencies between 
4000 and 23,000 kc, on the frequency 8364 kc. 

(b) If the above e(|uipment includes a receiver, 
it must be able to receive on the frecjuency 500 kc, 
preferably class A2 emission and, where the trans¬ 
mitter employs frequencies between 4(K)0 and 23,000 
kc, class A1 and A2 emission throughout the band 
8266 to 8745 kc. 

General Radiotelegraph Procedure in the 
Maritime Mobile and Aeronautical Mobile Serv¬ 
ices —The Atlantic City Conference narrowed the 
general escape clause of Cairo by confining the dis¬ 
cretionary power of the aeronautical service to 
make up its own procedures to the portions dealing 
with calls, signals preparatory to traffic, routing of 
traffic and end of traffic and work. The remaining 
portions relative to general provisions, preliminary 
operations, duration and control of work and tests 
are to be unreservedly applied to the aeronautical 
mobile service. However, an important exception 
was made in the case of aircraft stations when com¬ 
municating with stations of the maritime mobile 
service. These stations must, under all circum¬ 
stances, obey all the provisions of this article. This 
obvious limitation was made necessary in order that 
the operators of coast and ship stations would not 
be required to learn another set of procedures to 
handle the relatively infrequent traffic of aircraft 
New regulations were adopted as follows: 

(a) A new provision was added making the use 
of the Morse code signals contained in the Tele¬ 
graph Regulations obligatory in the maritime and 
aeronautical mobile services but specifying that the 
use of other signals is not precluded for radio- 
communications of a special character; 
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{b) The development of the new high frequency 
maritime mobile plan required the addition of sev¬ 
eral new provisions to take care of its specialized 
requirements. The more important of thdse provi¬ 
sions, which apply to the bands of frequencies be¬ 
tween 4000 and 23,000 kc, are as follows: 

(1) In calling, when the conditions of establish¬ 
ing contact are difficult, the call signs may be trans¬ 
mitted more than three times, but not more than 
eight times except that the call may be repeated at 
shorter intervals if it is believed no interference 
will result to communications in progress; 

(2) A ship or aircraft station calling a coast 
station must use a freciuency in the calling band 
especially reserved for this purpose; 

(3) When a mobile station calls a coast station, 
the coast station shall transmit the reply to the call 
on its normal working frecjuency in the same band, 
this frequency being indicated in the List of Coast 
and Ship Stations; 

(r) An important principle which the United 
States has consistently advocated was adopted, which 
states that the use of frecjuencies in the bands re¬ 
served for calling is forbidden for traffic with the 
exception of distress traffic; 

(d) In the case of long radiotelegrams, the han¬ 
dling of traffic by the “break-in^* method, which has 
been the practice for many years, was finally spe- 
citically set down as normal procedure in a new 
provision providing that in cases where both stations 
are able to change from sending to receiving with¬ 
out manual switching, the sending station may con¬ 
tinue to send until all its traffic has been sent or 
until the receiving station breaks in on the trans¬ 
mission with the service abbreviation “BK.” It 
provides further that before commencing, both sta¬ 
tions normally agree on such a method of working 
by means of the abbreviation “QSK.” The former 


method of sending long radiotelegrams in sections 
is now to be used only when the ‘ffireak-in” method 
cannot be employed; 

(e) The section dealing with the duration of 
work was made more general by including all provi¬ 
sions relating to the control of work which necessi¬ 
tated the following changes: 

(1) The Cairo provision restricting the work on 
333 kc in the aeronautical service to 5 minutes was 
deleted as not being a subject which the Inter¬ 
national Telecommunications Union needed to 
regulate; 

(2) The former restriction that, in no case, in 
the maritime mobile service, must working on 500 kc 
exceed S minutes, was retained, but the remainder 
of the section dealing with the determination of the 
duration of the periods of work on other frequencies 
was deleted and replaced by two general provisions 
from Cairo Article 20 relative to the control of 
work. These provisions re(|uire that in communica¬ 
tion between land stations and mobile stations, the 
mobile station shall comply with the instructions 
given by the land station, in all questions relating 
to the order and time of transmission, to the advice 
of frequency and of the class of emission, and to 
the duration and suspension of work, but that this 
provision does not apply to cases of distress. The 
second of these provisions states that in communica¬ 
tion between mobile stations, the station called con¬ 
trols the working in a similar manner. 

(/) The section regulating testing was expanded 
by the inclusion of a provision from Cairo Article 
22 requiring that wliere it is necessary for a mobile 
station to .send signals for testing or adjustment 
which are liable to interfere with the working of a 
neighboring coast or aeronautical station, the con¬ 
sent of the station must be obtained before such 
signals are sent. 


Effective Date of the Radio Regulations 

1076 § 1. (new)‘ These Regulations shall go into force on January 1, 1949, except for 
tlie table for the allocation of frequencies covering the hands below 27 500 kc/s* 
and the provisions listed below, which shall go into force upon the effective date 
of the new International Frequency List, as determined by a special Adminis¬ 
trative Radio Conference; 

ARTICLE 2 
Designation of Emissions 

74 § 1. (new) F'missions are designated according to their classification and the 

width of the frequency band occupied by them. 

1 Wherever a paragraph in the following regulations is labeled new or mod it indicates that the 

material is different from tlie Cairo Regulations. 

1076.1 (new)- However, all or any portion of the band 150“2 850 kc/s, which is not subject to con¬ 
sideration by the Provisional Frequency Board, may go into force in Region 2 on or after January 
1, 1949, in accordance with special arrangements agreed upon by the interested countries of that 
Region. 
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80 §5. 

(new) The classification of emissions is 

tabulated below: 


Type of 
Modulation 

Amplitude 

Modulated 

Type of Transmission 

Absence of any modulation 

Telegraphy without the use of modulating 
audio frequency (on-off keying) 

Supplementary 

Characteristics 

Symbol 

AO 

A1 


Telegraphy by the keying of a modulating 
audio frequency or audio fre{|uencies or 
by the keying of the modulated emission 
(special case: an unkeyed modulated 
emission) 


A2 


Telephony 

Double sideband, full carrier 

.U 



Single sideband, redut ed car¬ 
rier 

AMi 



Two indejK'ndent side bands, 
reduced carrier 

AMi 


Facsimile 


\4 


Television 

- 

\S 


Composite transmissions and cases not 
covered b>' the above 


AO 


Composite transmissions 

Rcdut'ccl carrier 

A9c 

Frequency 
(or phase; 
Modulated 

Absence of any modulation 

— 

I’O 


Telegraph)’ without the use of modulating 
audio fre(]nency (frequency shift keying) 


FI 


Telegraphy by the keying of a modulating 
audio frequency or audio frecjuencies, or 
by the keying of the modulated emission 
(special case: an unkeyed emission modu¬ 
lated liy audio frequency) 


V2 


'IVlephony 


\n 


Facsimile 

- 

V\ 


Television 

- 

1-5 


Composite transmissions and cases not 
covered by the above 

- 

I-q 

Pulse 

Modulated 

Absence of any modulation intended to 
carry information 

— 

J»0 


'Felegraphy without the use of modulating 
audio frequency 

— 

PI 


Telegraphy by the ke\'ing of a modulating 
audio frequency or audio freouencies, or 
b> the keying of the modulated pulse 
(special case: an unkeyed modulated 
pulse) 

Audio frequency or audio 
frequencies modulating the 
pulse in amplitude 

P2d 



Audio frequency or audio 
frequencies modulating the 
width of the pulse 

P2e 
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Type of Supplementary 

Modulation Type of Transmission Characteristics Symbol 

Audio frequency or audio 
frequencies modulating the 
phase (or position) of the 
pulse P2f 

Telephony Amplitude modulated P3d 

Width modulated P3c 

Phase (or position) modu¬ 
lated P3f 

Composite transmissions and cases not 

covered by the above — P9 


84 § 9. (new) The following are examples of the designation of emissions. 


Description Designation 

1. Telegraphy 25 words per minute, International Morse Code, carrier modu¬ 
lated by keying only 0.1 A1 

2. Telegraphy, 525 c/s tone, 25 words per minute, International Morse Code, 

carrier and lone keyed or tone only keyed 1.15 A2 

3. Amplitude modulated telephony, 3 000 c/s maximum modulation, double 

sideband, full carrier 6 A3 

4. Amplitude modulated telephony, 3 000 c/s maximum modulation, single 

sideband, reduced carrier 3 A3a 

5. Amplitude modulated telephony, 3 000 c/s maximum modulation, two 

independent sidebands, reduced carrier 6 A3b 

6. Vestigial sideband television (one sideband partially suppressed), full 

carrier (including a frequency motlulated sound channel) 6 000 A5, F3 

7. Frequency modulated telephony, 3 000 c/s modulation frequency, 20 000 

c/s deviation 46 F3 

8. Frequency modulated telephony, 15 000 c/s modulation frequency, 75 000 

c/s deviation 180 F3 

9. One-microsecond pulses, unmodulated, assuming a value of 5 for K 10 000 PO 


Section III. Nomenclature of Frequencies 

85 § 10. (new) Frequencies shall be expressed in kilocycles per second (kc/s) at and 

below 30 000 kilocycles per second and in megacycles per second (Mc/s) above 
this frequency. 


VLF 

Frequency Sub-Division 
(Very Low Frequency) 

Frequency Range 
Below 30 kc/s 

Metric Sub-Division 
Myriametric Waves 

LF 

(Low Frequency) 

30 to 300 kc/s 

Kilometric Waves 

MF 

(Medium Frequency) 

300 to 3 000 kc/E 

Hectometric Waves 

HF 

(High Frequency) 

3 000 to 30 000 kc/s 

Decametric Waves 

VHF 

(Very High Frequency) 

30 000 kc/s to 300 Mc/s 

Metric Waves 

UHF 

(Ultra High Frequency) 

300 to 3 000 Mc/s 

Decimetric Waves 

SHF 

(Super High Frequency) 

3 000 to 30 000 Mc/s 

Centimetric Waves 

EHF 

(Extremely High Frequency) 

30 000 to 300 000 Mc/s 

Millimetric Waves 
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Section III. Special Cases of Interference 

3781^79 § 7. (mod) Except in cases of distress, communications between ship stations 
or between ship and aircraft stations must not interfere with the work of coast 
stations. When this work is thus interfered with, the ship or aircraft station 
which causes it must stop transmitting or change frequencies upon the first 
request of the coast station concerned. 

Section V. Identification of Emissions 

383 § 10. (mod) The transmission of signals without identification is forbidden to all 
stations. 

384 § 11. (new) In order that the identification of stations may be as rapid as 
possible, stations provided with a call sign in accordance with article 10 must, 
unless the Regulations provide otherwise, transmit this cal! sign during the course 
of their transmission as frequently as is practicable ant! reasonable. 

Section II. Allocation of International Series 

419 § 4. (mod) The first character or the first two characters of the call signs given 

in the following table show the nationality ol the stations. 


Table of Allocation of Call Signs 


Country 

Call Signs 

United States of America. 

. AAA-ALZ 

(Not allocated). 

AMA-AOZ 

Pakistan. 

. AVA-ASZ 

India. 

. ATA-AWZ 

Commonwealth of Aust ralia. , 

. AXA-AXZ 

Argentina Republic. 

. AYA-AZZ 

China. 

. B.AA-BZZ 

Chile. 

. CAA-CEZ 

Canada. 

CFA-CKZ 

Cuba. 

CLA-CMZ 

Morocco. 

CNA-CNZ 

Cuba. 

. COA-COZ 

Bolivia. 

. CPA-CPZ 

Portuguese Colonies. 

CQA-CRZ 

Portugal. 

CSA-CITZ 

Uruguay. 

CVA-CXZ 

Canada. 

CYA-eZZ 

Germany. 

. DAA->DMZ 

Belgian Congo. 

Bielorussian Soviet Socialist 

. DNA-Ugz 

Republic. 

. DRA-DTZ 

Republic of the Philippines. . 

. DUA-DZZ 

Spain. 

. EAA-EHZ 

Ireland... 

Union of Soviet Socialist 

. EIA-EJZ 

Republics. 

. EKA-EKZ 

Republic of Liberia. 

Union of Soviet Scxrialist 

. ELA-ELZ 

Republics. 

. EMA-EOZ 

Iran... 

Union of Soviet Socialist 

. EPA-EQZ 

Republics. 

. ERA-ERZ 

Estonia. 

ESA-ESZ 

Ethiopia... 

Union of Soviet Socialist 

. ETA-ETZ 

Republics.. 

France and Colonies and 

. EUA-EZZ 

Protectorates. 

. FAA-FZZ 

Great Britain. 

. GAA-GZZ 

Hungary. 

. HAA-HAZ 

Switzerland. 

. HBA-HBZ 

Ecuador. 

. HCA-HDZ 

Switzerland. 

. HEA-HEZ 

Poland. 

. HFA-HFZ 

Hungary. 

. HGA-HGZ 


Country 

Republic of Haiti. 

Dominican Republic. 

Republic of Colombia. 

Korea. 

Iraq. 

Republic of Panama. 

Republic of Honduras. 

Siam. 

Nicaragua. 

Republic of El Salvador. 

Vatican City State. 

France and Colonies and 

Protectorates. 

Kingdom of Saudi Arabia. 

Italy and Colonies. 

Japan... 

Outer Mongolia Peoples 

Republic. 

Norway. 

(Not allocated). 

United States of America. 

Norway. 

Argentina Republic. 

Luxemburg. 

Lithuania. 

Bulgaria. 

Great Britain. 

United States of America. 

Peru.. 

Republic of Lebanon. 

Austria. 

Finland. 

Czechoslovakia... . 

Belgium and Colonies. 

Denmark. 

Netherlands. 

Curacao... 

Netherlands Indies. 

Brazil. 

Surinam... 

(Service abbreviations). 

Union of Soviet Socialist 

Republics. 

Sweden. 

Poland. 


Call Signs 
HHA-HHZ 
H1.\-HIZ 
HJA-HKZ 
HL.^-HMZ 
HNA-HNZ 
HOA-HPZ 
HQA-HRZ 
HSA-HSZ 
irrA-HTZ 
HIIA-HIIZ 
HVA-HVZ 

HWA-HYZ 

HZA-HZZ 

l.\A-IZZ 

JAA-JSZ 


JTA-JVZ 

JWA-JXZ 

JVA-JZZ 

KAA-KZZ 

LA.^-LNZ 

LOA-LWZ 

LXA-l.XZ 

LYA-LYZ 

LZ.A-LZZ 

MAA-MZZ 

NAA-NZZ 

OAA-OCZ 

ODA-ODZ 

OEA-OEZ 

OFA-OJZ 

OKA-OMZ 

ONA-OTZ 

OUA-OZZ 

PAA-PIZ 

PJA-PJZ 

PKA-POZ 

PPA-PYZ 


PZA-PZZ 

QAA-QZZ 


RAA-RZZ 

SAA-SMZ 

SNA-SRZ 
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Country 

Egypt. 

Greece. 

Turkey. 

Guatemala. 

Costa Kira. 

Iceland. 

Guatemala. 

France and Colonies and 

Proteclorales. 

Costa Rica. 

France and Colonies and 

Protectorates. 

Union of Soviet Socialist 

Republics. 

Ukrainian vSoviet »Socialist 

Republic. 

Union of Soviet Socialist 

Republics. 

Canada. 

Commonwealth of Australia, . . 

Newfoundland. 

British Colonies and 

Protectorates. 

India. 

Canada. 

Commonwealth of Australia. . . 
United States of America. 

Mexico. 

Canada. 

Denmark.. 

Chile. 

China. 

France and Colonies and 

Protectorates. 

Portuguese Colonies. 

Burma.. 

Afghanistan. 

Netherlands Indies. 

Iraq... . . 

New Hebrides... , ... 

Syria. 

Latvia. . ... 

Turkey. 

Nicaragua. 


Call Signs 

SSA-SUZ 

SVA-SZZ 

TAA-TCZ 

TDA-TDZ 

TEA-TKZ 

TFA-rFZ 

TGA-l'GZ 


THA-'FHZ 

TIA-TIZ 

TJA-TZZ 

UAA-UgZ 

URA-UTZ 

UUA-UZZ 

VAA-VC;Z 

VHA-VNZ 

VOA-VOZ 

VPA-VSZ 

VTA-VWZ 

VXA-VVZ 

VZA-VZZ 

WAA-VVZZ 

XAA-XIZ 

XI.A-XOZ 

XPA-XPZ 

XQA-XRZ 

XSA-XSZ 

X'FA-XVVZ 

XXA-XXZ 

XVA-XZZ 

YAA-YAZ 

YBA--YHZ 

YIA-YIZ 

YJA-YJZ 

YK.VYKZ 

YLA-YLZ 

YMA-YMZ 

YNA~YNZ 


Country 

Rumania. 

Republic of El Salvador. 

Yugoslavia. 

Venezuela. 

Yugoslavia. 

Albania. 

British Colonics and 

Protectorates. 

New Zealand. 

British Colonies and 

Protectorates. 

Paraguay. 

British Colonies and 

Protectorates. 

Union of South Africa. 

Brazil. 

Great Britain. 

Principality of Monaco. 

Canada. 

Chile. 

China. 

France and Colonies and 

Protectorates. 

(Not allocated). 

Norway. 

Poland. 

Mexico. 

Republic of the Philippines. . 
Union of Soviet Socialist 

Republics. 

Venezuela. 

^'ugoslavia. 

British Cfdonies and 

Protectorates. 

Peru. 

United Nations. 

Republic of Haiti. 

Yemen. 

(Not allocated). 

(Not allocated). 

(Not allocated). 

(Not allocated). 

(Not allocated). 

(Not allocated). 


Call Signs 
YOA-YRZ 
YSA~YSZ 
YTA-YUZ 
YVA-YYZ 
YZA~YZZ 
ZAA-ZAZ 

ZBA-ZJZ 

ZKA-ZMZ 


ZNA-ZOZ 

ZPA-ZPZ 


ZQA-ZQZ 

ZRA-ZUZ 

ZVA-ZZZ 

2AA~2ZZ 

3AA-3AZ 

3BA-3FZ 

3GA-3GZ 

3HA-3UZ 


3VA-3VZ 

3WA-3XZ 

3Y.\-3YZ 

3Z.\-3ZZ 

L\A-4CZ 

41).\-4IZ 

4JA-4LZ 

4MA^MZ 

4NA-40Z 


4PA-4SZ 

4r.\-4TZ 

411A-4UZ 

4VA-4VZ 

4WA-4WZ 

4XA-4ZZ 

5A.\-5ZZ 

0.\.\-6ZZ 

7A.\-7ZZ 

8.\A-8ZZ 

yAA-9ZZ 


Inspection of Mobile Stations 

493 § 1. ’(mod) (1) The governments or appropriate administrations of countries 
where a mobile station calls may recjuire the production of the license. 1'he 
operator of the mobile station, or the perst)n responsible for the station, must 
facilitate this examination. The license must be kept in such a way that it can 
be produced without delay. As far as possible, the license, or a copy certified 
by the authority which has issued it, should be permanently exhibited in the 
station. 

494 (2) The inspectors must have in their possession an identity card or 
badge, issued by the competent authority, which they must show on request of 
the master or his deputy. 

495 (3) When the license cannot be produced or when manifest irregularities 
are observed, governments or administrations may inspect the radio installations 
in order to satisfy themselves that these conform to the conditions imposed by 
these Regulations. 

496 (4) In addition, inspectors have the right to require the production of 
the operators* certificates, but proof of professional knowledge may not be de¬ 
manded. 

498 (2) The government or administration official who has inspected the 

station must, before leaving it, communicate the result of his inspection to the 
master or to the person responsible. 
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ARTICLE 29 

General Radiotelegraph Procedure in the Maritime Mobile and 
Aeronautical Mobile Services 

Section I. General Provisions 

602 § 1. (mod) (1) In the maritime mo!)ile and aeronautical mobile services the pro¬ 
cedure detailed in this article is obligatory, except in the case of distress calls or 
of distress traffic, to which the provisions of article 37 arc applicable. 

603 (mod) (2) However, in the aeronautical mobile service the procedure contem¬ 
plated in .sections III, IV and V is applicable only in the absence of special arrange¬ 
ments to the contrary made by agreements between the governments concerned. 

604 (mod) (3) Aircraft stations when communicating with stations of the maritime 
mobile service must use the procedure laid down in this article. 

605 § 2. (new) The use of the Morse code signals specified in the Telegraph Regu¬ 
lations shall be obligatory in the mari<iine and aeronautical mobile services. 
However, for radiocommunications of a special character, the use of other signals 
is not precluded. 

606 § 3. (1) In order to facilitate radiocomnuiideations, stations of the mobile 

service use the service abbreviations given in appendix 9. 

607 (2) In the maritime mobile service, only the service abbreviations given 
in api)endix 9 are to be used. 

608 § 4. The provisions of §§ 6, 23, 24 and 25 of this article are applicable to 
radiotelephone communications in the mobile .service. 

Section II. Preliminary Operations 

609 § 5. In areas where traffic is congested, ship stations must take into account 
the provisions of 721. 

610 § 6. (1) Before emitting, every station must listen for a f)eriod long enough 

to sati.sfy itself that it will not cause harmful interference to transmissions in 
progre.ss within its range; if such interference is likely, the station awaits the first 
break in the transmission with which it might interfere. 


611 (2) If, these precautions having been taken, the emissions of the station 

happen to interfere with a radio transmission already in progress the following 
rules are to be applied: 


612 

a) Within the zone of communication of a coast station open to 
public correspcmdence or of any aeronautical station, the station 
whose emission causes the interference must cease sending at the 
first request of the said coast station or aeronautical station. 

613 

b) In the case wffiere radiocommunication already in progre.ss between 
mobile .stations is interfered with by the emissions of another 
mobile station, this station must cease s(‘nding at the first request 
of one of the other .stations. 

614 

c) The station which requests this cessation must indicate the ap¬ 
proximate waiting time imposed on the station whose emission it 
suspends. 

615 

Section in. Calls, Reply to Calls and Signals 

Preparatory to Traffic 

616 § 7. 

Method of Calling. 

617 

(1) The call is made as follows: 


—call sign of the station called, not more than three times; 
—the word DE; 

—call sign of the calling station, not more than three times. 
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618 

619 

620 

621 

622 

623 

624 

625 

626 


627 

628 

629 

630 


631 

632 

633 

634 


635 


636 

637 

638 


(new) (2) However, in the bands of frequencies between 4 000 and 23 000 kc/s, 
when the conditions of establishing contact are difficult, the call signs may be 
transmitted more than three times, but not more than eight times. 

§ 8. Frequency to he Used for Calling and for Preparatory Signals. 

(1) For making the call and for transmitting preparatory signals, the 
calling station uses the frequency on which the station called keeps watch. 

(new) (2) A ship station calling a coast station in any of the frequency bands 
allocated to the maritime mobile service between 4 000 and 23 000 kc/s must use 
a frequency in the calling band specially reserved for this purpose. 

§ 9. Indication of the Frequency to be Used for Traffic. 

(mod) (1) The call, as described in 616, must be followed by the service abbre¬ 
viation indicating the frequency and, if useful, the class of emission which the 
calling station proposes to use for the transmission of its traffic. 

(2) When, as an exception to this rule, the call is not followed by an 
indication of the frequency to be used for the traffic: 

a) if the calling station is a land station: it indicates that this station 
proposes to use for traffic its normal working frequency indicated 
in the list of stations. 

(mod) h) if the calling station is a mobile station: it indicates that the fre¬ 
quency to be used for traffic is to be chosen by the station called 
from amongst the frequencies on which the calling station can 
transmit. 

§ 10. Indication of the Number of Radiotelegrams or of Transmission in Series, 

(1) When the calling station has more than one radiotelegram to transmit 
to the station called, the above mentioned preparatory signals are followed by the 
service abbreviation and the figure giving the number of such radiotelegrams. 

(2) Moreover, when the calling station wishes to send its radiotelegrams 
in series, it indicates this by adding the service abbreviation for requesting the 
consent of the station called. 


§11. Form of Reply to Calls. 

The reply to calls is made as follows: 

—call sign of the calling station, not more than three times; 

—the word DE; 

—call sign of the station called. 

§12. Frequency for Reply. 

(1) For transmitting the reply to calls and to preparatory signals, the 
station called uses the frequency on which the calling station must keep watch, 
unless the calling station has specified a frequency for the reply. 


(mod) 


(new) 


§13. 

mits: 


(2) As an exception to this rule: 

a) When a mobile station calls a coast station on the frequency 
143 kc/s, the coast station shall transmit the reply to the call on 
its normal working frequency in the bands between 90 and 160 
kc/s, as indicated in the List of Coast and Ship Stations. 

b) When a mobile station calls a coast station in one of the bands 
authorized for radiotelegraphy between 4 000 and 23 000 kc/s, the 
coast station shall transmit the reply to the call on its normal 
working frequency in the same band, this frequency being indi¬ 
cated in the List of Coast and Ship Stations. 

Agreement on the Frequency to be Used for Traffic. 

(1) If the station called is in agreement with the calling station, it trans- 


a) the reply to the call; 
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639 

640 

641 

642 

643 

644 

645 

646 

647 


b) the service abbreviation indicating that from that moment on¬ 
wards it will listen on the frequency announced by the calling 
Station; 

c) if necessary, the indications referred to in 648; 

d) the letter K if the station called is ready to receive the traffic of 
the calling station; 

(mod) e) if useful, the service abbreviation and figure indicating the strength 

and/or readability of the signals received (see appendix 9). 

(mod) (2) If the station called is not in agreement with the calling station on 
the frequency to be employed as the result of the arrangements under 623 and 
624, it transmits: 

a) the reply to the call; 

(mod) b) the service abbreviation indicating the frequency and, if useful, 

the class of emission proposed; 

c) if necessary, the indications specified i»^ 648. 

(3) When agreement is reached regarding the frequency which the calling 
station shall use for its traffic, the station cailed transmits the letter K after the 
indications contained in its reply. 


648 § 14. Reply to the Request fur Transmission by Series, 

The station called, in replying to a calling station which has proposed 
to transmit its radiotelegrams by senes (629), indicatc's, by means of the service 
abbreviation, its acceptance or refusal. In the former case it specifies, if neces¬ 
sary, the number of radiotelegrams which it is ready to receive in one series. 


649 § 15. Difficulties in Reception. 

650 (mod) (1) If the station called is prevented from receiving, it replies to the call 
as indicated in 636, but it replaces the letter K by the signal ■—■■■■ (wait), 
followed by a number indicating in minutes the probable duration of the waiting 
time. If the probable duration exceeds 10 minutes (5 minutes in the case of 
aircraft stations communicating with stations of the maritime mobile service), 
the reason for the delay must be given. 

651 (2) When a station receives a call without being certain that such a call 
is intended for it, it must not reply until the call has been repeated and understood. 
When, on the other hand, a station receives a call which is intended for it, but is 
uncertain of the call sign of the calling station, it must reply immediately, using 
the service abbreviation in place of the call sign of this latter station. 


Section IV. Forwarding (Routing) of Traffic 

652 § 16. Traffic Frequency. 

653 (1) Every station of the mobile service uses, in principle, for the trans¬ 
mission of its traffic, one of its working frequencies as indicated in the list of 

stations, for the band in which the call has been made. 

654 (mod) (2) In addition to its normal working frequency, printed in heavy type 

in the list of stations, every station may use one or more supplementary fre¬ 

quencies in the same band, in conformity with the provisions of article 33. 

655 (mod) (3) The use of frequencies in the bands reserved for calling is forbidden 
for traffic with the exception of distress traffic (see article 33). 

656 (4) If the transmission of a radiotelegram takes place on a frequency 
and/or class of emission other than that on which the call has been made the 
transmission of the radiotelegram is preceded by: 

—call sign of the station cailed, not more than three times; 

—the word DE; 

—call sign of the calling station, not more than three times. 
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657 (5) If the transmission is made on the same frequency and class of emis¬ 
sion as the call, the transmission of the radiotelegram is preceded, if need be by: 

—the call sign of the station called; 

—the word DE; 

—call sign of the calling station. 

658 § 17. (new) Numbering in Daily Series. 

As a general rule radiotelegrams of all kinds transmitted by ship 
stations and radiotelegrams in the service of public correspondence transmitted 
by aircraft stations are to be numbered in a daily series, number 1 being given to 
the first radio telegram sent each day to each separate land station. 

659 § 18. Long Radiotelegrams. 

660 (1) I n principle, any radiotelegram containing more than 100 words is 
regarded as forming a series, or terminates a series already in course of trans¬ 
mission. 

661 (new) (2) In cases where both stations are able to change from sending to 
receiving without manual switching, the sending station ma>' continue to send 
until all its traffic has been sent or until the receiving station breaks in on the 
transmission with the service abbreviation BK. Before commencing, both sta¬ 
tions normally agree on such a method of working b\ means of the al)breviation 

gsK. 

662 (mod) (3) If this method cannot be emplo>'ed, long radiotelegrams, whether in 
plain language or in code or cypher, are, as a general rule, to be transmitted in 
sections, each section containing 50 words in the case of plain language and 20 
words or groups if code or cypher is used. 

663 (4) At the end of each section the signal (?) meaning “Have 

you received the radiotelegram correcth up to this point?” is transmitted. If 
the section has been correctly received, the receiving station replies by sending 
the letter K and the transmission of the radiotelegram is cotitinued. 

664 § 19. Suspension of Tra ffic. 

When a statum of the niobiic service transmits on a working fre¬ 
quency of a lend station and so causes interference with the transmission of such 
land station, it must suspend working at the first recpiest of the latter. 

Section V. End of Traffic and Work 

665 8 20. . Signal for the End of Transmission. 

666 (1) The transmission of a radiotelegram is terminated by the signal 

■ ■ (end of transmission), followed by the call sign of the sending station 

and the letter K. 

667 (2) In the case of transmission by series, the end of each radiotelegram 

is indicated by the signal ■ — and the end of the series by the call sign of 

the sending station and the letter K. 

668 §21. Acknowledgment of Receipt. 

669 (1) The acknowledgment of receipt of a radiotelegram is given by trans¬ 
mitting the letter R, followed by the number of the radiotelegram. Such 
acknowledgment of receipt is preceded by the following formula: 

—call sign of the station which has been sending; 

—the word DE; 

—call sign of the station which has been receiving. 

670 (2) The acknowledgment of receipt of a series of radiotelegrams is given 
by transmitting the letter R, followed by the number of the last radiotelegram 
received. Such acknowledgment of receipt is preceded by the above formula. 

(3) The acknowledgment of receipt is transmitted by the receiving station 
on the frequency used for the reply to the call (see 631). 


671 
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§ 22. End of Work, 

(1) The end of work between two stations is indicated by each of them 
by means of the signal ■■■■*■ i—i (end of work), followed by its own call sign. 

(2) For these signals the sending station continues to use the working 
frecjuency and the receiving station the frequency used for the reply to the call. 
(mod) (3) The signal ■■■—■■ m-i (end of work) is also used: 

—when the transmission of radiotelegrams of general information, 
meteorological information and general safety notices is finished, 
and 

—when transmission is ended in long distance radiocommunication 
services with deferred acknowledgment of receipt or without 
acknowledgment of receii>t. 

Section VI. Duration and Control of Work 

676 § 23. In no case, in the maritime iiiohile service, must working on 500 kc/s 

exceed 5 minutes. 

§ 24. (mod) In communication between land stations and mobile stations, the 
mobile station shall comply with the instructions given Iiy the land station, in all 
(luestions relating to the order and time of tnuisinission, to the choice of fretpiency 
and of the class of emission, and to the duration and suspension of work. This 
provision does not apply to cases of distress. 

§ 25. In communication between mobile stations, except in cases of distress, 

the .station called controls the working in the manner indicated in 677. 

Section VII. Tests 

679 § 26. (mod) Where it is necessary for a mobile station to send signals for testing 
or adjustment which are liable to interfere with the working of a neighbouring 
coast or aeronautical station, the consent of the station must be obtained before 
such signals are sent. 

680 § 27. When it is necessary for a station in the mobile service to make test 

signals, either for the adjustment of a transmitter before making a call or for the 
adjustment of a receiver, they must not continue for more than 10 seconds 
and must be composed of a series of VVV followed by the call sign of the station 
emitting the test signals. 

ARTIC LE 30 

Calls 

681 § 1. (mod) (1) In the aeronautical mobile service the procedure contemplated in 
this article is ai)plicable, except in the case of special arrangements by agreements 
between the governments concerned. 

682 (new) (2) Aircraft stations when communicating with stations of the maritime 
mobile service must use the procedure laid down in this article. 

683 § 2. (1) As a general rule, it rests with the mobile station to establish com¬ 

munication with the land station. The mobile station may call the land station, 
for this purpose, only after coming within the range of action of the land station. 

684 (2) However, a land station having traffic for a mobile station may call 
this station if it has reason to believe that the mobile station is within range and 
is keeping watch. 

685 § 3. (mod) (1) In addition, every coast station must, so far as practicable, trans¬ 
mit its calls in the form of “traffic lists” consisting of the call signs in alphabetical 
order of all mobile stations for which they have traffic on hand. These calls are 
made at specified times fixed by agreement between the administrations concerned 
and at intervals of at least two hours and not more than four hours during the 
working hours of the coast station. 


677 


678 


672 

673 

674 

675 
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686 (new) (2) Coast stations transmit their traffic lists on their normal working 
frequency. 

687 (new) (3) They may, however, announce this transmission by the following 
brief preamble sent on a calling frequency: 

—CQ DE . . . (call sign of the calling station) 

—QSW followed by the indication of the working frequency on which 
the traffic list is about to be sent. 

In no case may this preamble be repeated. 

688 (new) (4) The provisions of 687 are obligatory where the frequency 500 kc/s is 
involved. 

689 (new) (5) They do not apply to the bands of frcciuencies between 4 000 and 
23 000 kc/s. 

690 (6) The hours at which coast stations transmit their traffic lists and the 
frequencies and classes of emission which they use for this purpose must be stated 
in the List of Coast and Ship Stations. 

691 (7) Mobile stations which hear their call sign during this transmission 
must reply as soon as they can do so, following as far as possible the order in which 
they are called. 

692 (8) When the traffic cannot be sent immediately, the coast station informs 
each mobile station concerned of the probable time at which working can begin, 
and, also if necessary, the frequency and class of emission which will be used for 
working with it. 

693 § 4. When a land station receives calls from several mobile stations at 

practically the same time, it decides the order in which these stations may transmit 
their traffic. This decision is based solely on the necessity for allowing each of the 
calling stations to clear the greatest number of radiotelegrams. 

694 § 5. (1) When a station called does not reply to a call sent there times at 

intervals of two minutes, the calling must cease and must not be renewed until 
after an interval of fifteen minutes. 

695 (2) However, in the case of a communication between a station of the 
maritime mobile service and an aircraft station, calling may be renewed after an 
interval of five minutes. 

696 (3) Before renewing the call, the calling station must ascertain that the 
station called is not in communication with another station. 

697 (4) The call may be repeated at shorter intervals if there is no reason to 
believe that it will interfere-with communication in progress. 

698 § 6. (mod) (1) When communication is first established with a land station, any 
mobile station may, if it deems it advisable in order to avoid confusion, transmit 
its name in full. 

699 (2) Wlien the name and address of the administration or private operat¬ 
ing agency controlling a mobile station are not given in the list of stations or are 
no longer in agreement with the particulars given therein, it is the duty of the 
mobile station to furnish, as a matter of regular procedure, to the land station to 
which it transmits traffic, all the necessary information in this respect, using for 
this purpose the appropriate service abbreviations. 

700 § 7. (1) The land station may, by means of the abbreviation PTR ask the 

mobile station to furnish it with the following information: 

701 (mod) a) approximate distance in nautical miles and bearing in relation to 

the land station, position in latitude and longitude (Greenwich), 
course and speed ; 

702 b) next place of call. 

703 (mod) (2) The information referred to in 700 is furnished on the authority of the 
master or the person responsible for the vehicle carrying the mobile station. 
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ARTICLE 31 

General CaU All Stations” 

704 § 1. Two types of calling signal “To all stations” are recognized: 

705 a) Call CQ followed by the letter K (see 707 and 708); 

706 b) Call CQ not followed by the letter K (see 709). 

707 § 2. Stations desiring to enter into communication with stations of the 

mobile service, without, however, knowing the names of any such stations within 
their range of action, may use the enquiry signal CQ, in place of the call sign of the 
station called in the calling formula, the call being followed by the letter K 
(general call to all stations in the mobile service with request for reply). 

708 § 3. (mod) In the maritime mobile service, in regions where traffic is congested, 
the use of the call CQ followed by the letter K is forbidden. As an exception it 
may be used with signals denoting urgenev. 

709 § 4. The call CQ not followed by the letter K (general call to all stations 

without request for reply) is used before the transmission of information of any 
kind intended to be read or used by anyone v ho can intercept it. 

ARTICLE 32 

Call to Several Stations Without Request for Reply 

710 The call CP followed by two or more call signs or by a code word 
(call to certain receiving stations without request for reply) is used only for the 
transmission of information of any nature intended to be read or used by the 
persons authorized. 

ARTICLE 33 

Use of Frequencies for Radiotelegraphy in the Maritime 
Mobile and Aeronautical Mobile Services 

Section 1. Restrictions 

711 § 1. (1) The use of class B emissions is forbidden in all stations.® 

712 (2) However, it is permitted for emergency (reserve) installations of 

ship stations and for lifeboat, liferaft and survival craft equipments. 

(mod) Section II. Bands between 405 and 535 kc/s 

713 § 2. (mod) The provisions of this section are applicable to aircraft stations when 
communicating with stations of the maritime mobile service. 

A. Distress. 

714 § 3. (mod) (1) The frequency 500 kc/s is the international distress frequency; it 

is used for this purpose by ship or aircraft stations using frequencies in the band 

405 to 535 kc/s when requesting assistance from the maritime services. It is 

used for the distress call and distress traffic, and for urgency and safety signals and 
messages. 

715 (2) In addition it may be used only: 

a) for call and reply (see 720 and 722); 

716 (mod) b) by coast stations to announce the transmission of their traffic lists 

under the conditions provided for in 688 . 

711.1 * Exceptionally, the ship stations of Australia may, when operatinc^ within proximity of the coast 
of that country, continue to use temporarily their existing damped wave equipment on the fre¬ 
quencies 425 and 500 Icc/s. 
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717 (3) As an exception, however, the frequency 500 kc/s may be used for 
traffic, outside regions of heavy traffic, under the conditions provided for in 727, 
728 and 72Q. 

718 (mod) (4) Apart from the transmissions authorized on 500 kc/s, and taking 
account of 721, all transmissions on the frequencies included between 490 and 510 
kc/s are forbidden. 

719 (new) (5) In order to facilitate the reception of distress calls, all stations working 
on the frequency 500 kc/s must reduce to the minimum their transmissions on this 
frequency. 

B, Call and Reply. 

720 § 4. (mod) (1) The general calling frequency, which must be used by any ship 
station or coast station engaged in radiotelegraphy in the authorized hands 
between 405 and 535 kc/s, and by aircraft desiring to enter into communication 
with a station of the maritime mobile service using frequencies in this band, is 
the frequency 500 kc/s. 

721 (2) However, in order to reduce interference in regions of heavy traffic, 
administrations reserve the right to consider the requirements of 720 as satisfied 
when the calling frequencies assigned to coast stations open to public correspond¬ 
ence are not separated by more than 5 kiloc>cles from the general calling fre¬ 
quency 500 kc/s. 

722 § 5. (1) The frequency for replying to a call sent on the general calling fre¬ 

quency (see 720) is the frequency 500 kc/s, the same as that of the call. 

723 (new) (2) However, in regions of heavy traffic, ship stations should, as far as 
possible, ask coast stations to answer by means of their normal working frecjuency 
(see 632). 

C, Traffic. 

724 § 6. (mod) (1) Coast stations working in the authorized bands between 405 and 
535 kc/s must be able to use at least one frequency in addition to 500 kc/s. One 
of these additional frecpiencies which is printed in heavy type in the List of Coast 
and Ship Stations is the normal working frequency of the station, 

725 (mod) (2) In addition to their normal working frequency coast stations may use, 
in the authorized bands, additional frequencies which are shown in ordinary type 
in the List of Coast and Ship Stations. The band of frequencies 405 to 415 kc^, 
however, is assigned to radio direction-finding; it may not be used by the mobile 
service except on the conditions fixed by chapter III. 

726 (new) (3) The working frequencies of coast stations must be chosen so as to 
avoid interference with neighboring stations. 

727 § 7. (mod) As an exception to the provisions of 714, and on condition that signals 
of distress, urgency and safety, and calls and replies are not interfered with, the 
frequency 500 kc/s may also be used: 

728 (mod) a) for the transmission of a single short radiotelegram exclusively by 

ship stations of Australia, India, New Zealand and Pakistan when 
operating in proximity to the coast of their respective countries;^ 

729 h) outside areas of heavy traffic for direction-finding but with dis¬ 

cretion. 

730 § 8. (mod) (1) Ship stations employing class A1 or A2 emissions in the authorized 
bands between 405 and 535 kc/s must use, wherever practicable, working frequen¬ 
cies chosen from amongst the following: 425, 454, 468 and 480 kc/s. 

(new) In addition, the frequency 512 kc/s may be used in regions 1 and 3 
and the frequency 448 kc/s in region 2. 


728.1 4 Certain coast stations of India and Pakistan are also permitted temporarily to transmit a single 
short radiotelegram on 500 kc/s. 
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731 (mod) (2) No ('oast station is authorized to transmit on these working frequen¬ 
cies allocated for the use of ship stations on a world wide basis or on the working 
frequency allocated for the use of ship stations in the region in which the coast 
station is situated. 

732 (new) (3) In regions 1 and 3 the frequency 512 kc/s may also be usc^ by ship 
and coast stations as a supplementary calling frequency when 500 kc/s is being 
used for distress purposes. 

D. Watch. 

733 § 9. (mod) (1) In order to increase the safety of life at sea and over the sea, all 
.stations of the maritime mobile serv^ice normally keeping watch on frecjuencies in 
the authorized bands between 405 and 535 kc/s must, during their hours of serv^- 
ice, take the riecessar>’ measures to ensure watch on the international distress 
frequency 500 kc/s for three minutes twice an hour beginning at x h 15 and x h 45, 
Greenwich mean time (('i.JNLT.). 

734 (2) During the periods mentioned above, exc'^pt for the emissions pro¬ 
vided for in article 37 (see 934 to 949): 

735 (mod) a) transmissions must cease within the bands 485 to 515 kc/s; 

736 h) outside this liand, transmissivms of stations of the mobile service 

may continue; stations of the maritime mobile service may listen 
to these transmissions on the express conditions that they first 
ensure watch on the distress frequency as provided by 733. 

737 § 10. (mod) (1) Stations of the maritime mobile service open to public corre¬ 
spondence and using frequencies in the authorized bands between 405 and 535 kc/s 
must, during their hours of service, remain on watch on the calling frequency 
500 kc/s. This watch is only obligatory for class A2 emissions. 

738 (mod) (2) These stations, while observing the provisions of 733, are authorized 
relinquish this watch only when they are engaged in communication on other fre- 
fjuencies. 

739 (new) (3) When they are engaged in such communications: 

—Ship stations may maintain this w^atch by means of an operator, 
a loudspeaker, or by some other appropriate means such as an 
automatic alarm receiver. 

—Coast stations may maintain this watch either by means of an 
operator or by loudspeaker; in the latter case an indication may be 
inserted in the List of Coast and Ship Stations. 

Section III. Bands between 90 and 160 kc/s 

A. Call and Reply. 

740 § 11. (mod) (1) The frequency 143 kc/s (class A1 only) is the international calling 
frequency used in the maritime mobile service in the bands 90 to 160 kc/s. 

741 (2) Apart from the frequency 143 kc/s, the use of any frequency between 
140 and 146 kc/s is forbidden. 

742 § 12. (mod) The frequency for replying to a call sent on the frequency 143 kc/s is: 

—for a ship station, the frequency 143 kc/s; 

—for a coast station, its normal working frequency. 

B. Traffic. 

743 § 13. (mod) (1) The following rules must be observed by stations of the maritime 
mobile service using class A1 emissions in the bands 90 to 160 kc/s: 

744 (mod) (2) a) Every coast station must keep watch on the frequency 143 kc/s 
unless the List of Coa.st and Ship Stations provides otherwise. 

745 b) The coast station transmits its traffic on the working frequency 
or frequencies specially assigned to it. 
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746 (new) (3) a) When a ship station desires to establish communication with 
another station of the maritime mobile service, it must use the frequency 143 kc/s, 
unless the List of Coast and Ship Stations provides otherwise. 

747 (mod) b) This frequency must be used exclusively: 

—for individual calls and replies to such calls; 

—for the transmission of signals preparatory to traffic. 

748 (mod) (4) A ship station after establishing communication with another station 
of the maritime mobile service on the general calling frequency 143 kc/s must, so 
far as practicable, transmit its traffic on some other frequency in the authorized 
bands, provided that it does not disturb the work in progress at another station. 

749 § 14. (mod) (1) As a general rule, any ship station working in the bands 110 to 
160 kc/s when it is not engaged in communication with other stations of the 
maritime mobile service must, during its hours of service, keep watch every hour 
on the frequency 143 kc/s for five minutes beginning at x h 35, Greenwich mean 
time (G.M.T.). 

750 (2) The frequency 143 kc/s may be used for individual calls and will 
preferably be used for this purpose during the period indicated in 749. 

Section IV. Bands included between 1 605 and 2 850 kc/s 

751 § 15. (new) Except where regional agreements specify otherwise, the frequencies 
assigned to ship stations for radiotelegraph communication in the bands between 
1 605 and 2 850 kc/s must, as far as p^ossible, be harmonically related (sub¬ 
harmonics) to the frequencies assigned to ship stations in the 4 000 kc/s radio¬ 
telegraph band (see section V). 

Section V. Bands included between 4 000 and 23 000 kc/s 

A, General. 

752 § 16. (mod) (1) Mobile radiotelegraph stations equipped to operate in the fre¬ 
quency bands of the maritime mobile service between 4 000 and 23 000 kc/s must 
employ only class A1 emission. However, for radiocommunication of a special 
character, and for survival craft stations (see 600), the use of other classes of 
emission is not precluded. 

753 (new) (2) The rules of procedure fixed in article 29 are applicable to stations of 
the maritime mobile service using frequencies in the bands between 4 000 and 
23 000 kc/s. 

754 (new) (3) Stations of the maritime mobile service open to public correspondence 
and using frequencies in the bands 405 to 535 kc/s in addition to frequencies in the 
band 4 000 to 23 000 kc/s are required to observe the provisions of 737. 

755 § 17. (new) (1) Beginning at the low frequency end, each of the radiotelegraph 
bands reserved for the use of ship stations is divided into three bands as follows: 

756 (new) a) A band of working frequencies for the use of passenger ships.® 

757 (new) h) A band of calling frequencies for the use of all ship and aircraft 

stations entering into communication with stations of the maritime 
mobile service. 

758 (new) c) a band of working frequencies for the use of cargo ships. 

759 (new) (2) For the purposes of this section: 

—a passenger ship is a vessel defined as such by the Convention for 
the Safety of Life at Sea. 

—a cargo ship is any ship that is not a passenger ship as defined above. 

760 (new) (3) The arrangement of the frequencies in the ship radiotelegraph bands 
is illustrated graphically in appendix 10. 

756.1 B Exceptionally, whaling factory vessels handling a large volume of traffic may use frequencies 
in this band from October to March of each year. 
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761 § 18. (new) For the exchange of radiotelegraph communications with stations 
of the maritime mobile service, aircraft stations may utilize the frequencies 
allocated to that service for radiotelegrapny between 4 000 and 23 000 kc/s. 
When using these frequencies, aircraft stations must comply with the provisions of 
this Section. 

jB. Call and Reply, 

762 § 19. (new) (1) In order to establish communication with a station in the mari¬ 
time mobile service, every ship and aircraft station must use a calling frequency in 
the bands listed in 775. 

763 (new) (2) Frequencies in the calling bands are assigned to each mobile station 
in accordance with the provisions of 776 to 780 inclusive. 

764 § 20. (new) In order to reduce interference mobile stations must, within the 
means at their disposal, endeavour to select for calling the band with the most 
favourable propagational characteristics for effecting reliable communication. In 
the absence of more precise data, a mobile station must, before making a call, 
listen for the signals of the station with which it desires to communicate. The 
strength and readability of such signals is a useful guide to propagational condi¬ 
tions and should indicate which is the prefer?I»le band for calling. 

765 § 21. (new) (1) The calling frequency to be used by a coast station, in each of 
the bands for which it is equipped, is its normal working frequency as shown in 
heavy type in the List of Coast and Ship Stations (see 774). 

766 (new) (2) A coast station, as a general rule, transmits its calls at specified times 
in the form of traffic lists on the frequency or frequencies indicated in the List of 
Coast and Ship Stations (see 685 and 686). 

767 § 22. (new) Unless the calling station specifies otherwise, the frequency for reply 
to a call made in any maritime mobile band is as follows: 

768 (new) a) for a mobile station, its assigned calling frequency in the same 

band as that used by the calling station; 

769 (new) h) for a coast station, its normal working frequency in the same 

band as that used by the calling station. 

770 § 23. (new) When notifying the transmitting frequencies of a coast station, 
administrations also indicate on which of the ship calling bands the station keeps 
watch and, as far as possible, the approximate hours of watch keeping in Green¬ 
wich mean time (G.M.T.). This information shall be published in the List of 
Coast and Ship Stations. 

C. Traffic. 

771 § 24. (new) (1) A mobile station, after establishing communication on a calling 
frequency (see 762), changes to a working frequency for the transmission of traffic. 
No traffic shall be transmitted on any frequency in the calling bands. 

772 (new) (2) Working frequencies shall be assigned to mobile stations in accordance 
with the provisions of 781 to 797 inclusive. 

773 § 25. (new) (1) A coast station shall transmit its traffic on its normal working 
frequency or on other working frequencies assigned to it. 

774 (new) (2) Working frequencies of coast stations using the bands between 4 000 
and 23 000 kc/s are included within the following limits: 

4 238 to 4 368 kc/s 
6 357 to 6 525 kc/s 
8 476 to 8 745 kc/s 
12 714 to 13 130 kc/s 
16 952 to 17 290 kc/s 
22 400 to 22 650 kc/s 
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D. Assignment of frequencies to mobile stations} 

1. Calling frequencies of Ship Stations 

775 § 26. (new) (1) The calling frequencies assigned to ship stations are included 
within the following bands: 

4 177 to 4 187 kc/s 
6 265.5 to 6 280.5 kc/s 
8 354 to 8 374 kc/s 
12 351 to 12 561 kc/s 
16 708 to 16 748 kc/s 
22 220 to 22 270 kc/s 

776 (new) (2) In the 4 000 kc/s maritime mobile service band, the calling frequencies 
must be uniformly distributed within the calling band. They are preferably 
spaced 1 kc/s apart. The extreme frequencies assignable are 4 178 and 4 186 kc/s 
as indicated in appendix 10. 

777 (new) (3) In each of the other maritime mobile service bands between 4 000 
and 18 000 kc/s, the calling frequencies must be in harmonic relationship with 
those in the 4 000 kc/s calling band. In the 22 000 kc/s calling band, the prefer¬ 
able spacing of calling frequencies is 5 kc/s. 

778 § 27. (new) The administration to which a ship station is subject shall assign 
to it a series of calling frequencies including one frequency in each of the bands in 
which the station is equipped to transmit. In the bands between 4 000 and 18 000 
kc/s, the frequencies assigned to each ship station shall be in harmonic relation¬ 
ship. Each administration must take the necessary steps to assign such har¬ 
monic series of calling freciuencies to ships in accordance with an orderly system 
of rotation so as to distribute these frequencies uniformly throughout the calling 
bands as outlined in 776. The same system of uniform distribution shall be ap¬ 
plied in the assignment of calling frequencies in the 22 000 kc/s calling band. 

779 § 28. (new) (1) The centre calling frequency in each of the calling bands indi¬ 
cated in 775 shall be reserved as far as possible for the use of aircraft desiring to 
communicate with stations of the maritime mobile service. These frequencies 
are the following: 4 182; 6 273; 8 364; 12 546; 16 728 and 22 245 kc/s. 

780 (new) (2) The frequency 8 364 kc/s must be used by lifeboats, liferafts and other 
survival craft, if they are equipped to transmit on frequencies between 4 000 and 
23 000 kc/s, and if they desire to establish with stations of the maritime mobile 
service communications relating to search and rescue operations see (600). 

2. Working frequencies of mobile stations 

a) General, 

781 § 29. (new) (1) The working frequencies for passenger ships are so spaced as to 
provide clear channels. In the 4 000 kc/s band, the two channels adjacent to the 
calling band are 5 kc/s wide and the remainder are 2.5 kc/s wide, the extreme 
frequencies assignable being 4 135 and 4 175 kc/s as indicated in appendix 10. 

782 (new) (2) In the 4 000 kc/s band, the working frequencies of cargo ships are 
spaced 0.5 kc/s apart, the extreme frequencies assignable being 4 188 and 4 236.5 
kc/s as indicated in appendix 10. 

783 (new) (3) The working frequencies assigned to each ship station in the 6 000, 
8 000, 12 000 and 16 000 kc/s bands must be harmonically related to those assigned 
in the 4 000 kc/s band. 

774,1 (new) « Although this section requires the assignment of specific frequencies to all ship stations 
operating in the bands between 4 000 and 23 000 kc/s, it is recommended that in the case of cer¬ 
tain older types of transmitters now in use. the reference point for measuring frequency deviations 
shall be that frequency on which the emission begins. This recommendation applies only until 
such transmitters have been replaced or modified so as to meet the tolerance requirements specified 
in column 3 of appendix 3. 
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784 (new) (4) In the case of the 22 000 kc/s l)and, which is not in harmonic relation¬ 
ship with the other bands, the frequencies are spaced as follows and indicated in 
appendix 10: 

785 (new) a) in the passenger ship band the two channels adjacent to the calling 

band are 20 kc/s wide and the remaining channels are 10 kc/s wide, 
the extreme frequencies assignable being 22 075 and 22 215 kc/s; 

786 (new) b) in the cargo ship band the working frequencies are spaced 2.5 kc/s 

apart, the extreme frequencies assignable being 22 272.5 and 22 395 
kc/s. 

787 § 30. (new) All mobile stations licensed to operate in the maritime mobile bands 
between 4 000 and 23 000 kc/s must be assigned, as soon as possible, working 
frequencies in the bands for which they are equipped in accordance with 788 to 
797 inclusive. 

b) Workvi^ frequencies of passenger ships, 

788 § 31. (new) The w'orking fre<|uencies assigned to passenger shii)s are included 
within the following bands: 

4 133 10 4 177 Vc's 

() 200 to 6 265.5 kc/s 

5 265 to 8 354 kc/s 
12 400 to 12 531 kc/s 
16 530 to 16 708 kc/s 
22 070 to 22 220 kc/s 

789 §32. (new) (1) Each administration shall assign to each of the passenger ships 
under its jurisdiction tv\o or more series of w'orking frecjuencies designated in 
appendix 10 for \essels of this class. The total number of series assigned to each 
ship should be determined by the anticipated traOic volume. 

790 (new) (2) When passenger ships are assigned less than the total number of 
working frecjuencies in a band, the administration concerned shall assign working 
frecjuencies to such shii)s in accordance with an orderly system of rotation which 
will ensure api)r()ximately the same number of assignments on any one frecjuency. 

791 (new) (3) In each band, the two frequencies nearest to the calling frecjuencies, 
indicated by solid lines in appendix 10 are assigned to j^assenger shij) stations the 
emissions of which do not already comply wdth the frecjuency tolerance of 0.02^/J, 
specified in the 3rd column of a|)pendix 3.^ These frecjuencic's must also be used 
by mobile stations emj)loying special ty|H‘s of wide band transmission w hich cannot 
be contained within the channels indicated by dashed lines in ai)pendix 10. 

792 § 33. (new) For the exc'lusive purpose of communic'ating with stations of the 
maritime mobile service an aircraft station may be assigned one or more seri(‘s of 
working frequencies in the passenger ship bands. These frecjuencies shall be 
assigned in accordance with the same system of uniform distribution provided for 
passenger ships. 

r) Working frequencies of cargo ships, 

793 § 34. (new) Working frequencies assigned to cargo ships shall be included within 
the following bands: 


4 

187 

to 

4 238 

kc/s 

6 

280.* 

) to 

6 357 

kc/s 

8 

374 

to 

8 476 

kc/s 

12 

561 

to 

12 714 

kc/s 

16 

748 

to 

16 952 

kc/s 

22 

270 

to 

22 400 

kc/s 


791.1 (new) 7 It is anticipated that the number of these transmitters on passenger ships will decrease 
progressively before the effective date of the application of the tolerances specified in column .3 
of appendix 3. These channels will be thus gradually cleared for the use of special types of 
wide-band transmission. 
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704 § 35. (new) (1) In each of the cargo ship bands the assignable frequencies are 
divided into two equal groups A and B, group A comprising the frequencies in the 
lower half of the band and group B the frequencies in the upper half (see appendix 
10 ). 

705 (new) (2) Each administration shall assign to each of its cargo ships two series 
of working frequencies, one in group A and the other in group B. In each band 
these two working frequencies are separated from each other by half the width of 
the assignable band. 

706 (new) (3) For example, if the frequency assigned to a ship station is the lowest 
frequency assignable in group A, the other must be the lowest frequency assign¬ 
able in group B. If one of the frequencies assigned is the second frequency from 
the low frequency end of group A, then the other frequency assigned must be the 
second frequency from the low frequency end of group B, etc. 

707 (new) (4) Each administration shall assign successively one such pair of fre¬ 
quencies to each of its ship stations, commencing at either end of the band. 
When all available working frequencies in a band have been assigned in this man¬ 
ner the process shall be repeated as often as is necessary to satisfy all its require¬ 
ments and to insure a uniform distribution of assignments throughout the band. 

d) Abbreviations for the designation of working frequencies, 

708 § 36. (new) The following system of abbreviations may be used to designate 
working frequencies: 

700 (new) a) In the case of a working frequency included between 4 000 and 
23 000 kc/s, transmit the last three figures of the frequency exclud¬ 
ing fractions of a kilocycle; 

800 (new) b) When the calling station does not know the working frequencies 

of a cargo ship station, it may request the ship station to reply on 
its working frequency in group A or on its working frequency in 
group B by transmitting QSW A or QSW B as the case may be. 

Section VI. Aeronautical Mobile Service 

801 § 37. (new) Agreements between the interested governments may fix frequencies 
for call and reply in the aeronautical mobile service. These frequencies, as well 
as the conditions governing their use, are listed in the service documents published 
by-the Secretary General of the Union. 

802 § 38. (new) For the use of the frequency 500 kc/s for calling and distress purposes, 
see 711 to 723. 

803 § 39. (mod) In regions 1 and 3, the frequency 333 kc/s is the general calling 
frequency for aircraft stations operating in the bands 325-405 kc/s. 

Section IV. Ship Stations 

842 § 6. (mod) (1) For the international service of public correspondence, ship radio¬ 
telegraph stations are divided into three categories: 

843 —Stations of the first category: these stations maintain a continuous 

service; 

844 —Stations of the second category: these stations maintain a service 

of limited duration as indicated in 847 and 848; 

845 (mod) —Stations of the third category: these stations maintain a service 

the duration of which is either shorter than that of stations of the 
second category, or is not fixed by these Regulations. 

846 (new) (2) Each government shall itself determine the rules under which ship 
radiotelegraph stations subject to it are to be placed in one or the other of the 
above three categories. 
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847 § 7. (1) Ship stations of the second category must provide service at least 

during the hours fixed by appendix 13. These hours are mentioned in the license. 

(2) In case of short voyages, they provide service during the hours fixed 
by the administration to which they are subject. 

When practicable, the hours of service of ship stations of the third 
category may be mentioned in the List of Stations. 

850 § 9. As a general rule, when a coast station has traffic on hand for a ship 

station of the third category not having fixed hours of service and assumed to he 
within range of the coast station, the latter calls the ship station during the first 
half-hour of the first and third periods of service for ships of the second category per¬ 
forming an eight-hour service, in accordance with the provisions of apjiendix 13. 

851 § 10. (new) For the international service of public correspondence, ship stations 
equipped exclusively for the use of radiotelephon> constitute a single category. 
These stations carry on a service the duration of which is not determined by these 
Regulations. 


(1) Ship stations whose service is not continuous ma\ not close before: 

a) finishing all operations resulting from a distress call, urgency or 
safety signal; 

b) exchanging so far as practicable all traffic originating in or destined 
for coast stations situated within their range and mobile stations 
which, being within their range, have indicated their presence 
before the actual cessation of work. 

(2) Any ship station not having fixed working hours must inform the 
coast stations, with which it is in communication, of the time of closing and the 
time of reopening its service. 


852 

§11. 

853 

(mod) 

854 

(mod) 

855 

(mod) 


856 § 12. (1) a) Any mobile station arriving in port, and whose service is therefore 

about to close, must so notify the nearest coast station and, if 
necessary, the other coast stations with which it generally com¬ 
municates. 

857 (mod) b) It must not close until after the disposal of traffic on hand, unless 

the regulations in force in the country where it is calling do not 
permit this. 

858 (mod) (2) Upon departure from port the mobile station must notify the coast 
station or stations concerned that its .service is reopening from the moment when 
such reopening is permitted by the regulations in force in the country where the 
port of departure is situated. 


ARTICLE 37 

Distress Signal and Traffic. 

Alarm, Urgency and Safety Signals 

Section I. General 

864 § 1. (new) In the maritime mobile and aeronautical mobile services, the pro¬ 

cedure laid down in this article is obligatory. 

855 § 2. No provision of these Regulations shall prevent the use by a mobile 

station in distress of any means at its disposal to attract attention, make known 
its position, and obtain help. 

866 § 3. (1) The speed of telegraph transmission in cases of distress, urgency or 

safety must not in general exceed 16 words a minute. 

867 (2) The speed of transmission for the alarm signal is indicated in 920. 
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Section II. Frequencies to Be Used in Case of Distress 

868 §4. (mod) Ships, 

(1) In case of distress, the frequency to be used shall be the international 
distress frequency, that is, 500 kc/s (see 714); it must preferably be used on class 
A2 or B emissions. 

869 (mod) (2) In case of distress for radiotelephone stations working in the author¬ 
ized bands between 1 605 and 2 850 kc/s, the frequency to be used is the distress 

frequency 2 182 kc/s (see article 34), particularly 815. 

870 (new) (3) Ship stations which cannot transmit on the above distress frequencies 
shall use their normal calling frequency. 

871 § 5. (mod) Aircraft, 

Any aircraft in distress must transmit the distress call on the fre¬ 
quency on which the land or mobile stations capable of helping it, keep watch. 
When the call is addressed to stations of the maritime mobile service, the fre¬ 
quencies to be used shall be the international distress frequency 500 kc/s or other 
watchkeeping frequencies of these stations. 

Section III. Distress Signal 

872 §6. (1) In radiotelegraphy, the distress signal consists of the group ■■■ 

— transmitted as a single signal in which the dashes must be empha¬ 

sized so as to be distinguished clearly from the dots. 

873 (2) In radiotelephony, the distress signal consists of the word MAYDAY 
pronounced as the French expression ‘‘m^aider”. 

874 § 7. These distre.ss signals indicate that the ship, aircraft, or other vehicle 

sending the distress signal is threatened by grave and imminent danger and re¬ 
quests immediate assistance. 

Section IV. Distress Call 

875 § 8. The distress call and message are sent only on the authority of the 

master or person responsible for the ship, aircraft or other vehicle carrying the 
mobile station. 

876 § 9. (1) 7'he distress call, when sent by radiotelegraphy on 500 kc/s is, as a 

general rule, preceded by the alarm signal as defined in 920. 

877 (mod) (2) When circumstances permit, the transmission of the call is separated 
from the end of the alarm signal by an interval of two minutes. In this case, the 
alarm signal must be followed immediately by the distress signal 

sent three times, in order to operate the automatic apparatus mentioned in 931. 

878 § 10. The distress call sent by radiotelegraphy comprises: 

—the distress signal transmitted three times; 

—the word DE; 

—the call sign of the mobile station in distress, sent three times. 

879 § 11. (new) The distress call, when sent by radiotelephony, is generally preceded 

by the signal produced by a whistle or any other suitable means. 

880 § 12. (new) The distress call sent by radiotelephony comprises: 

—the distress signal MAYDAY spoken three times; 

—the words THIS IS, followed by the identification of the mobile 
station in distress, the whole repeated three times. 

881 § 13. The distress call has absolute priority over other transmissions. All 

stations which hear it must immediately cease any transmission capable of inter¬ 
fering with the distress traffic and must listen on the frequency used for the emis¬ 
sion of the distress call. This call must not be addressed to a particular station 
and acknowledgment of receipt is not to be given before the distress message is 
sent. 
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Section V. Distress Message 

882 § 14 (1) The distress call must be followed as soon as povssible by the distress 

message. This message comprises: 

—the distress call; 

—the name of the ship, aircraft, or vehicle in distress; 

particulars of its position, the nature of the distress and the kind 
of assistance desired ; 

—any other information which mifeht facilitate the rescue. 

883 (mod) (2) As a general rule, a ship signals its position in latitude and longitude 
(Greenwich), using figures for the degrees and minutes, together with one of the 
words NORTH or SOUTH and one of the words EAST or WTCST. The signal 

is used to separate the degrees from the ininnles. When practicable, 
the true bearing and distance in nautical miles from a kUi'a h geographical point 
may be given. 

884 (mod) (3) As a general rule, and if time pe»‘mits, an aircraft shall transmit in its 
distress message the following information: 

—estimated position and time of the estimate; 

—true heading and indicated air -pied; 

—altitude; 

—type of aircraft; 

—nature of distress; 

—intention of [)erson in command (such as forced alighting on the sea 
or crash landing). 

885 (new) (4) As a general rule, an aircraft in flight signals its position: 

—if poSvsible by latitude and longitude ((Greenwich), using figures for 
the degrees and minutes, together with one of the words NORTH 
or SOUTH and one of the words EAST or WEST; or 
—by the name of the nearest place, and its approximate distance in 
relation thereto, together with one of the words NORTH, .SOUTH, 
KA.ST, or WE.ST, as the case mav be, or, when practicable, by 
words indicating intermediate directions. 

886 § 15. (mod) After the transmission of its distress message, the mobile station 
transmits two dashes of approximately 10 second’s duration each, followed by its 
call sign, to permit direction-finding stations to determine its position. This 
transmission will be repeated at frec|uent intervals in case of neressit>’. 

887 § 16. (1) The distress mes.sage must be repeated at intervals, especially during 

the period of silence pre.scribed in 733, until an answer is received. 

S88 (2) The alarm signal may also be repeated, if necessary. 

889 (3) "I'he intervals must, however, be sufficiently long to allow time for 
.stations preparing to reply to start their sending apparatus. 

890 (mod) (4) When the mobile station in distress receives no answer to a distress 
message sent on a distress frequency, the message may be repeated on any other 
available frequency on which attention might be attracted. 

891 § 17. (new) Immediately before a crash landing, a forced landing (on land or sea) 
of an aircraft, as well as before total abandonment of a ship or an aircraft, the radio 
apparatus must, if circumstances permit, be set for continuous emission. 

892 § 18. A mobile station which learns that another mobile station is in distre.ss 

may transmit the distress message in either of the following cases: 

893 a) the station in distress is not itself in a position to transmit it; 

894 h) the master or person responsible for the ship, aircraft or other 

vehicle carrying the station which intervenes, believes that further 
help is necessary. 
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8Q5 § 19. (1) Stations of the mobile service which receive a distress message from 

a mobile station which is, beyond any possible doubt, in their vicinity, must imme¬ 
diately acknowledge receipt (see 913, 914 and 915). If the distress call has not 
been preceded by the alarm signal, these stations may transmit this alarm signal 
with the permission of the authority responsible for the station (for mobile stations 
see 565), taking care not to interfere with the transmission of acknowledgments 
of receipt sent by other stations. 

896 (2) Stations of the mobile service which receive a distress message from 
a mobile station which, beyond any possible doubt, is not in their vicinity, must 
allow a short interval of time before acknowledging receipt of the message, in order 
to permit stations nearer to the mobile station in distress to answer and acknowl¬ 
edge receipt without interference. 

897 (new) (3) The provisions of 895 and 896 are equally applicable to all stations 
working in the bands of the mobile service. 

Section VI. Distress Traffic 

898 § 20. Distress traffic comprises all messages relative to the immediate 

assistance required by the mobile station in distress. 

899 § 21. In distress traffic, the distress signal must be .sent before the call and 

at the beginning of the preamble of any ratiotelegram. 

900 § 22. The control of distress traffic is the responsibility of the mobile station 

in distress or of the mobile station which, by the application of the provisions of 
892 and 893, has sent the distress call. These stations may, however, delegate the 
control of the distress traffic to another station. 

901 § 23. (new) (1) The station in distress may impose silence either on all stations 
of the mobile service in the area or on any station which interferes with the distress 
traffic. It addresses these instructions “to all stations” or to one station only, 
according to circumstances. In either case, it uses the service abbreviation QRT 
followed by the distress signal 

902 (mod) (2) If it believes it to be essential, any station of the mobile service near 
the ship, aircraft or other vehicle in distress, may also impose silence. It employs 
for this purpose the procedure prescribed in 901, substituting for the distress signal 
the word DISTRESS followed by its own call sign. 

903 (new) (3) The use of the service abbreviation QRT must be reserved, as far as 
possible, for the mobile station in distress and for the station controlling distress 
traffic. 

904 § 24. (1) Any station which hears a distress call must comply with the pro¬ 

visions of 881. 

905 (2) Any station of the mobile service which has knowledge of distress 
traffic must follow such traffic, even if it does not take part in it. 

906 (3) For the entire duration of distress traffic, it is forbidden for all sta¬ 
tions which are aware of this traffic and which are not taking part in it: 

907 (mod) a) to transmit on the frequencies on which the distress traffic is 

taking place; 

908 h) to use class B emissions. 

909 (mod) (4) A station of the mobile service which, while following distress traffic> 
is able to continue its normal service, may do so when the distress traffic is well 
established and on condition that it observes the provisions of 906, 907 and 908 
and does not interfere with the distress traffic. 

910 § 25. (new) a land station receiving a distress message must without delay take 
the necessary action to advise the authorities participating in the operation of 
rescue facilities. 
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911 § 26. ^ (1) When distress traffic has ceased or when silence is no longer necessary, 

a station which has controlled such traffic transmits on the distress frequency and 
if necessary on the frequency used for distress traffic, a message addressed “to all 
stations indicating that the distress traffic has ceased. 

^12 (2) This message takes the following form: 

—distress signal; 

—call “to all stations’* CQ, (three times); 

—the word DE; 

—call sign of the station sending the message (once); 

—time of handing in of the mesvsage; 

—name and call sign of the mobile station which was in distress; 

—service abbreviation QUM. 

Section VII. Acknowledgment of Receipt of a Distress Message 

913 § 27. The acknowledgment of receipt of a distress message is given in the 

following form: 

—call sign of the mobile station in distress (three times); 

—the word DP>, 

—call sign of the station acknowledging receipt (three times); 

—group RRR; 

—distress signal. 

914 § 28. (1) Every mobile station w'hich acknowledges receipt of a distress mes¬ 

sage must, on the order of the master or person responsible for the ship, aircraft 
or other vehicle, transmit, as soon as possible, the following information in the 
order shown: 

—its name; 

—its position in the form prescribed in 883 and 885; 

—the speed at which it is proceeding towards the ship, aircraft or 
other vehicle in distress. 

915 (2) Before sending this message, the station must ensure that it will not 
interfere with the emissions of other stations better situated to render immediate 
assistance to the station in distress. 

Section VIII. Repetition of a Distress Call or a Distress Message 

916 § 29. (1) Any station of the mobile service which is not in a position to render 

assistance and which has heard a distress message which has not been immediately 
acknowledged, must take all possible steps to attract the attention of stations of 
the mobile service which are in a position to render assistance. 

917 (2) For this purpose, with the approval of the authority responsible for 
the station, the distress call or the distress message may be repeated. This repe¬ 
tition is made on full power either on the distress frequency or on one of the fre¬ 
quencies which may be used in case of distress (see 868 to 871). At the same time 
all necessary steps are taken to notify the authorities who may be able to intervene 
usefully. 

918 (3) In radiotelegraphy, the repetition of the distress call or distress 
message is generally preceded by the transmission of the alarm signal as defined 
in 920. A sufficient interval of time is to be allowed between the transmission of 
an alarm signal and the repetition of the distress call or distress message, so that 
mobile stations, which do not keep continuous watch and which are warned by 
the sounding of their automatic alarm apparatus, have time to go on watch. 

(4) A station which repeats a distress call or distress message, follows it 
by the word DE and its own call sign transmitted three times. 


919 
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920 


921 


922 

923 

924 

925 

926 

927 

928 


929 

930 


931 


932 


Section IX. Alarm Signal 


§ 30. (mod) (1) The alarm signal shall consist of a series of twelve dashes sent 
in one minute, the duration of each dash being four seconds and the duration of 
the interval between two consecutive dashes one second. It may be transmitted 
by hand but its transmission by means of an automatic instrument is recom¬ 
mended. 


(mod) (2) Any ship station working in the band 405 to 535 kc/s which is not 
provided with an automatic apparatus for the transmission of the alarm signal, 
must be permanently equipped with a clock, clearly marking the seconds, prefer¬ 
ably by means of a sweep hand completing one revolution per minute. This 
clock must be placed at a point sufficiently visible from the operator’s table in 
order that the operator may, by keeping it in view, easily and correctly time the 
different elements of the alarm signal. 

(3) This special signal has for its sole purpose the actuation of the auto¬ 
matic devices giving the alarm. It must be used solely either to announce that a 
distress call or message is about to follow or to announce the transmission of an 
urgent cyclone warning; in the latter case it may be used only by the coast stations 
duly authorized by their government. 

(4) In cases of distress, the use of the alarm signal is governed by 876; in 
the case of an urgent cvclone warning, the transmission of the warning iniist not 
begin until two minutes after the end of the alarm signal. 


§31. The automatic devices intended for the reception of the alarm signal 

must fulfill the following conditions: 

(mod) a) they must respond to the alarm signal transmitted by the tele¬ 

graphic emissions of at least class A2 or B; 

(new) b) they must respond to the alarm signal through interference (pro¬ 
vided it is not continuous) caused by atmospherics and powerful 
signals other than the alarm signal; preferably without any manual 
adjustment being required during any period of watch maintained 
b>' the apparatus; 

c) they must not be actuated by atmospherics or by strong signals 
other than the alarm signal; 


(mod) d) they must possess a minimum sensitivity such that with negligible 

atmospheric interference, they are capable of being operated by 
the alarm signal transmitted by the emergency (reserve) trans¬ 
mitter of a ship station at any distance from this station up to the 
normal range fixed for this transmitter by the Convention for the 
Safety of Life at Sea, and preferably at greater distances; 

(mod) e) the^' must give warning of any fault which would prevent the 

apparatus from performing its normal functions during watch 
hours. 


§ 32. (mod) Before an automatic alarm receiver may be approved for use on 
shi{)s, the administration having jurisdiction over those ships must be satisfied by 
practical tests made under operating conditions equivalent to those obtaining in 
practice (including interference, vibration, etc.), that the apparatus complies 
with the provisions of these Regulations. 


§ 33. The adoption of the alarm signal defined in 920 does not prevent an 

administration from authorizing the use of an automatic apparatus which com¬ 
plies with the preceding conditions and can be actuated by the distress signal 


Section X. Urgency Signal 

§34. (1) The urgency signal may be transmitted only on the authority of the 

master or the person responsible for the ship, aircraft or other vehicle carrying the 
mobile station. 
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(2) The urgency signal may be transmitted by a land station only with 
the approval of the responsible authority. 

934 § 35. (1) In radiotelegraphy, the urgency signal consists of three repetitions of 

the group XXX, sent witli the letters of each group and the successive groups 
clearly separated from each other. It is sent before the call. 

(2) In radiotelephony, the urgency signal consists of three repetitions of 
the word PAN pronounced as the French word “panne.” It is sent before (he 
call. 

936 § 36. (1) The urgency signal indicates that the calling stalitm has a very urgent 

message to transmit concerning the saft'ty of a ship, aircraft or otlier vehicle or of 
some person on board or within sight. 

937 (2) The urgency signal has priority ov^er all other communications, 
except distress. All mobile and land stations which htai it must take care not 
to interfere with the transmission of the message which b'llows the iirgenc> signal. 

938 (mod) (3) Where the urgency signal is ns(‘d by a mobile station, it must, as a 
general rule, be addressed to a specihe station. 

939 § 37. (mod) MeSvSages preceded \yy the urgenc\' signal must, as a general rule, 
be drawn up in plain language, except in the • is( of medical messages. 

940 § 38. (1) Mobile stations which hear the u’g'Micy signal must continue to listen 

for at least three minutes At the end of this period, if no urgenc\ message has 
been heard, they may resume their normal service. 

941 (2) However, land and mol)ile stations which are in communication on 
frequencies other than those use*d for the transmission of the urgencx signal and 
of the call wdiich follows it max' continue their normal work without interruption 
provided the urgency message is not addressed “to all stations” (C'Q). 

942 § 39. When the urgency signal has been .sent before transmitting a message 

w'hich is intended for all stations and w hich calls for action bv the stations receiving 
the message, the station responsible for its transmission must cancel it as soon as 
it knows that action is no longer necessary. This message of cancellation must 
likewise be addressed '‘to all stations” (C(J). 

Section XI. Safety Signal 

943 §40. (1) In radiotelegraphx , the safety signal consists of three repetitions of 

the group TTT, sent with the letters of each group and the successive grou])s 
clearly separated from each other. It is sent before the call. 

944 (2) In radiotelephony, the xx'^ord SECURITfi pronoinu'ed as llie French 
word “securite”, repeated three times, is used for the wsafctx' signal. 

945 §41. (1) The safety signal indicates that the station is about to transmit a 

message concerning the safety of navigation or giving important meteorological 
warnings. 

946 (2) T he safety signal and the message x\diich follow^s it are sent on the 
distress frequency or on one of the frequencies xvhich may be used in case of 
distress (see 868 to 871. 

947 §42. (1) With the exception of messages transmitted at fixed times, the 

safety signal, when it is used in the maritime mobile service, must be transmitted 
tow^ards the end of the first available period of silence (see 733); the message is 
transmitted immediately after the period of silence. 

948 (2) In the cases prescribed in 1050, 1053 and 1056, the safety signal and 
the message which follows it must be transmitted as soon as possible, but must be 
repeated as just indicated, at the end of the first period of silence which follows. 

949 § 43. (new) All stations hearing the safety signal must continue to listen on the 
frequency on which the safety signal has been transmitted until they are satisfied 
that the message is of no interest to them. They must, moreover, not make any 
transmissions likely to interfere with the message. 
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ARTICLE 38 

Order of Priority of Communications in the Mobile Service 

950 (mod) The order of priority of communications in the mobile service is as follows; 

1st Distress calls, distress messages and distress traffic. 

2nd Communications preceded by the urgency signal. 

3rd Communications preceded by the safety signal. 

4th Communications relative to radio direction-finding bearings. 

5th Radiotelegrams relative to the navigation and safe movement of air¬ 
craft. 

6th Radiotelegrams relative to the navigation, movements, and needs of 
ships; weather observation messages destined for an official meteoro¬ 
logical service. 

7th Government radiotelegrams for which priority right has been claimed. 

8th Service radiotelegrams relating to the working of the radiocommuni¬ 
cation service or to radiotelegrams previously transmitted. 

9th All other communications. 


ARTICLE 40 

Routing of Radiotelegrams 

954 § 1. (mod) (1) As a general rule, a mobile station which uses emissions of class 
A2 within the band from 405 to 535 kc/s transmits its radiotelegrams to the nearest 
coast or aeronautical station. In order to expedite or facilitate the transmission 
of the radiotelegrams, however, it may transmit them to another mobile station. 
The latter treats the radiotelegrams so received as if they originated with itself. 

955 (mod) (2) If, however, the mobile station can choose between several coast or 
aeronautical stations at approximately the same distance, it must give the prefer¬ 
ence to that which is established on the territory of the country of destination or 
of normal transit of radiotelegrams. When the station chosen is not the nearest, 
the mobile station must cease working or must change the frequency or class of 
emission upon the first request made by the coast or aeronautical station which is 
actually the nearest, this request being based upon the interference which the 
working in question causes to the coast or aeronautical station. 

956 § 2. (mod) Mobile stations using emissions of class Al, A2, or A3, outside the 
band from 405 to 535 kc/s must, as a general rule, give preference to the coast or 
aeronautical station established on the territory of the country of destination or 
of the country likely to be the most suitable transit route for radiotelegrams. 

957 § 3. (mod) If the sender of a radiotelegram handed in at a mobile station has 
indicated the coast or aeronautical station to which he desires his radiotelegram 
sent, the mobile station must, in order to effect this transmission to the coast or 
aeronautical station indicated, wait, if necessary, until the conditions specified in 
954, 955 and 956 above are fulfilled. 

958 § 4. (new) In order to facilitate disposal of traffic, and subject to such restrictions 
as individual governments may impose, coast stations may, in exceptional circum¬ 
stances and with discretion, without incurring additional charges, exchange radio- 
telegrams and service messages relating thereto. 

1056 § 7. (mod) Messages containing information concerning the presence of dangerous 
ice, dangerous wrecks, or any other imminent danger to marine navigation, must 
be transmitted as soon as possible to other ship stations in the vicinity, and to the 
appropriate authorities at the first point of the coast with which contact can be 
established. These transmissions must be preceded by the safety signal. 
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APPENDIX 5 

Band of FroQuoncies Required for Certain Tj^ea of Radiocommunication 

(mod) The width of the frequency band which is necessary in the overall system, 
including both the transmitter and the receiver, for the proper reproduction at the 
receiver of the desired information, does not necessarily indicate the interfering char¬ 
acteristics of an emission. 

(new) For the determination of this necessary bandwidth, the following table may 
be considered as a guide. 

(new) In the formulation of the table, the following working terms have been em¬ 
ployed : 

B = Telegraph speed in bauds. 

N 

Y = Maximum possible number of black plus white elements to be transmitted 

per second, in facsimile and television. 

M = Maximum modulation frequency expressed in cycles per second. 

D = Half the difference between the maximum and minimum values of the 

N 

instantaneous frequencies; D being greater than 2Jlf, greater than y or 

greater than J3, as the case may be. Instantaneous frequency is the rate of 
change of phase. 

t = Pulse length expressed in seconds. 

X = An overall numerical factor which differs according to the emission and 
depends upon the allowable signal distortion and, in television, the time lost 
from the inclusion of a synchronizing signal. 

Table of Necessary Bandwidths 

Examples 


Designa- 

Necessary Bandwidth tion of 

in Cycles per Second Details Emission 


(MOD) 1. AMPLITUDE MODULATION 


Continuous 

wave 

Telegraphy 

BK 

X * 5 for fading circuits. 

Morse code at 25 words per 
minute, B = 20, 

Bandwidth: 100 c/s. 

0,1A1 

A1 

X s* 3 for non-fading circuits. 

Four channel multiplex, 7 unit 
code, 60 words per minute per 
channel, 

B « 170, X « 5, 

Bandwidth: 850 c/s. 

0.85A1 

Telegraphy 
modulated at 
audio frequency 
A2 

BK^IM 

K — Slot fading circuits. 

X = 3 for non-fading circuits. 

Morse code at 25 words per 
minute with 1 000-cycle tone, 

B - 20, 

Bandwidth: 2 100 c/s. 

2.1A2 

Commercial 

Telephony 

A3 

Af, for single sideband. 

2A/, for double sideband. 

For ordinary SSB telephony, 

Jlf « 3 000. 

For high-quality SSB 
telephony, Af * 4 000. 

3A3a 

4A3a 

Broadcasting 

A3 

2M 

M may vary between 4 000 and 

10 000 depending upon the 
quality desired. 

8A3 

to 

20A3 


Description 
and Class of 
Emission 
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Examples 


Description 
and Class of 
Emission 

Necessary Bandwidth 
in Cycles per Second 

Details 

Designa¬ 
tion of 

Emission 

Facsimile 

Carrier modu¬ 
lated by tone 
and by keying 

A4 

K « 1.5 

The total number of picture 
elements (black and white) 
transmitt^ per second « the 
circumference of the cylinder 
(height of picture) X number 
of lines per unit length X speed 
of rotation of cylinder in revolu¬ 
tions per second. 

Diameter of cylinder * 70 mm. 
Number of lines pier mm » 3.77. 
Speed of rotation 1 turn per 
second. 

Frequency of modulation 
« 1 800 c/s. 

Bandwidth » 3 600 -f 1 242 
* 4 842 c/s. 

4.84A4 

Television 

A5 

KN 

T 

iiC *= 1.5 (this allows for syn¬ 
chronization and filter shaping) 
Note: This band can be appro¬ 
priately reduced when asym¬ 
metrical transmission is em¬ 
ployed. 

The total number of picture 
elements (black and white) 
transmitt^ per second = the 
number of lines forming each 
image X number of elements 
per line X number of pictures 
transmitted per second. 

Number of lines = 500. 

Number of elements per line 
» 500. 

Number of pictures per second 
- 25. 

Bandwidth is approximately 

9 Mc/s. 

9 000A5 


(NEW) II. FREQUENCY MODULATION 


F requency-shif t 
Telegr^hy 

BK + 2D 

K ^ 5 for fading circuits, 
if « 3 for non-fading circuits. 

Four-channel multiplex with 
7-unit code. 60 words per 
minute per channel. 

B « 170 

5 

D « 425 

Bandwidth: 1 700 c/s. 

1.7F1 

Commercial 
Telephony and 
Broadcasting 

F3 

2M + 2DK 

For commercial telephony, 

TiT =■ 1. For high-fidelity 
transmission, higher values of 

K may be necessary. 

For an average case of com¬ 
mercial telephony with 

D = 15 000 

3 000 

Bandwidth: 36 000 c/s. 

36F3 

Facsimile 

F4 

^+2M+2D 

K - 1.5 

(See facsimile, amplitude 
modulation). 

Cylinder diameter = 70 mm. 
Lines per mm = 3.77. 
Cylinder speed = 1 rps. 
Modulation tone = 1 800 c/s. 

Z> = 10 000 c/s. 

Bandwidth: 25 000 c/s (approx¬ 
imately) 

25F4 


(NEW) III. PULSE 

EMISSIONS 


Unmodulated 

pulse 

PO 

K varies from 1 to 10 according 
to the permissible deviation in 
each particular case front ^ 
rectangular pulse shape. In 
many cases the value of K does 
not need to exceed 6. 

t « 3 X 10-« 
iC - 6 

Bandwidth; 4 X 10® c/s. 

4 000P0 
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Description 

and Class of Necessary Bandwidth 

Emission in Cycles per Second 

M^ulated The band width depends upon 

the particular types of modula- 
tion used, many of these being 
r2 or P3 still in the development stage. 

APPENDIX 8 

Documents with which Ship and Aircraft Stations must be provided 

(See articles 20, 22, 23, 24, 28 and appendix 6) 

Section I. For Stations on Board Ships Compulsorily 
Equipped with a Radiotelegraph Installation: 

1st license provided for by article 22; 

2nd certificates of the operator or operutois; 

(mod) 3rd log (diarj^ of the radio service) in 'a hich the following are recorded as they 
occur, together with the time of their occurrence: 

a) all communications relating to distress traffic in full, 

b) urgency and safety communications, 

c) communications exchanged between the ship station and land or 
mobile stations, 

d) service incidents of all kinds, 

e) if the ship’s rules permit, the position of the ship at leavSt once a day; 
4th alphabetical List of Call Signs; 

5th List of Coast and Ship .Stations; 

(new) 6th List of Radiolocation Stations; 

7th List of Stations peforming Special Services; 

8th Radio Regulations and Additional Radio Regulations, also such provisions 
of the Convention as relate to the radiocommunication service on board 
ship; 

9th telegraph tariffs of the countries for which the station most frequently 
accepts radiotelegrams; 

(new) 10th if administrations consider it necessary, the Telegraph Regulations. 

(mod) Section II. For other Radiotelegraph Stations on Ships; 

—the documents mentioned in items 1 to 5 of Section 1. 

(new) Section III. For Ship Stations Equipped Solely for Radiotelephony: 

1st the documents mentioned in items 1 and 2 of Section I; 

2nd the log (diary of the radio service) in which the following are recorded as 
they occur, together wdth the time of their occurrence: 

a) a summary of all communications relating to distress, urgency and 
safety traffic, 

b) a summary of communications exchanged between the ship station 
and land or mobile stations, 

c) a reference to important service incidents; 

3rd documents containing information necessary for the operation of the 
service. 

(new) Section IV. For Ship Stations Equipped with Multiple Installations: 

1st for each station, if necessary, the documents mentioned in items 1 to 3 of 
Section I, 

2nd for only one of them, the other documents mentioned in Sections I or III, 
as appropriate. 
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(mod) Section V. For Aircraft Stations: 

1st the documents mentioned in items 1 and 2 of Section L 

2nd the log (diary of the radio service) as defined in item 3 of Section I, unless 
administrations have adopted other arrangements for recording all infor¬ 
mation which the log should contain, 

3rd the List of Aeronautical and Aircraft Stations, the List of Radiolocation 
Stations, or other documents containing official information relating to 
stations which the aircraft station may use for the execution of its service. 

APPENDIX 9 

Miscellaneous Abbreviations and Signals 
to be used in Radiocommunications 

(See article 29) 

SECTION I. Q CODE 
Introduction 

1. The series of groups QRA to QUZ listed in this Appendix, is for use by all services. 
(new) 2. The QAA to QNZ series are reserved for the aeronautical service and the 
QOA to QQZ scries are reserved for the maritime services. These series are not listed 
in these regulations. 

(new) 3. Certain abbreviations may be given an affirmative or negative sense by 
sending or respectively, immediately following the “Q” code abbreviation. 

(new) 4. The meanings assigned to code abbreviations may be amplified or 
completed by the addition of appropriate other groups, call signs, place names, figures, 
numbers, etc. It is optional to fill in the blanks shown in parentheses. Any data 
which is filled in where blanks appear should be sent in the same order as shown in the 
significations. 

(new) 5. Abbreviations are given the form of a question when followed by a question 
mark. When an abbreviation is used as a question and is followed by additional or 
complementary information, the question mark should follow this information. 

(new) 6. Abbreviations, with numbered alternative significations, must be followed 
by the appropriate figure to indicate the exact meaning intended. This figure should 
be sent immediately following the abbreviation. 

(new) 7. All time should be given in Greenwich mean time (G.M.T.) unless other¬ 
wise indicated in the question or reply. 


Abbreviations Available for All Services 


A, List of Abbreviations in alphabetical order 

Abbre¬ 
viation Question Answer or Advise 


(mod) 


B ra 

RB 


What is the name of your station? 
How far approximately are you from 
my station? 


The name of my station is . . . 

The approximate distance between our 
stations is . . . nautical miles {or kil¬ 
ometres). 


(mod) QRC 


By what private enterprise {or State 
Administration) are the accounts for 
charges for your station settled? 


The accounts for charges of my station 
are settled by the private enterprise 
{or State Administration). 


(mod) QRD Where are you bound and where are 
you from? 

(new) QRE What is your estimated time of arrival 
at. . . {place)? 

(new) QRF Are you returning to ... {place)? 


I am bound for . . . from . . . 


My estimated time of arrival at. 
{place) is . . . hrs. 


I am returning to . . . {place) 
Return to . .. {place). 


or 
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Abbre¬ 

viation 

Question 

Answer or Advice 

(mod) QRG 

Will you tell me my exact frequency 
{or that of . . .)? 

Your exact frequency {or that of . . .) 
is . . . kc/s {or Mc/s). 

(mod) QRH 

Does my frequency vary? 

Your frequency varies. 

(mod) QRI 

How is the tone of niy transmission? 

The tone of your transmission is . .. 

(1. good; 

2. variable; 

3. bad). 

(mod) QRK 

QRL 

What is the readability of my signals 
{or those of . . .)? 

Are you busy? 

The readability of your signals (or those 
of. . .) is . . . 

(1. Unreadable; 

2. Readable now and then; 

3. Readable, but with difficulty; 

4. Readable; 

vS. Perfectly readable). 

I am busy {or I am busy with . . .). 
Please do not interfere. 

QRM 
QRN 
(mod) QRO 
(mod) QRP 

Are you being interfered with? 

Are you troubled by static? 

Shall I increase power? 

Shall I decrease power? 

I am being interfered with. 

I am troubled by static. 

Increase power. 

Decrease power. 

(mod) QRQ 

Shall I send faster? 

Send faster (. . . words per minute). 

(new) QRR 

Are you ready for automatic operation? 

I am ready for automatic operation. 
Send at . . . words per minute. 

(mod) QRS 

Shall I send more slowly? 

Send more slowly (. . . words per min¬ 
ute). 

(mod) QRT 

Shall I stop sending? 

Stop sending. 

QRU 

Have you anything for me? 

I have nothing for you. 

QRV 
(mod) QRW 

Are you ready? 

Shall In inform . . . that you are calling 
him on . . . kc/s {or Mc/s)? 

I am ready. 

Please inform . . . that I am calling 
him on , . . kc/s {or Mc/s). 

(mod) QRX 

When will you call me again? 

I will call you again at. . . hours [on 
. . . kc/s {or Mc/s)]. 

(mod) QRY 

What is my turn? 

{Relates to communication) 

Your turn is Number ,,, {or according 
to any other indication), {Relates to 
communication,) 

(mod) QRZ 

Who is calling me? 

You are being called by . . . [on . . . 
kc/s {or Mc/s)]. 

(mod) QSA 

What is the strength of my signals {or 
those of . . .)? 

The strenjj:th of your signals [or those 
of . . .) IS . . . 

(1. Scarcely perceptible; 

2. Weak; 

3. Fairly good; 

4. Good; 

5. Very good). 

(mod) QSB 

Are my signals fading? 

Your signals are fading. 

(new) QSC 

(mod) QSD 

Are you a cargo vessel? 

{See article 33, section V) 

Is my keying defective? 

1 am a cargo vessel. 

Your keying is defective. 

(mod) QSG 

Shall I send . . . telegrams at a time? 

Send . . . telegrams at a time. 

(new) QSI 


I have been unable to break in on your 
transmission. 


Will you inform . . . {Call Sign) that I 
have been unable to break in on his 
transmission [on . .. kc/s (or Mc/s)]. 
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QSJ 

(MOD) QSK 
QSL 
(mod) QSM 

(new) QSN 

(mod) QSO 

QSP 
(new) QSQ 

(mod) QSU 

(MOD) QSV 
(MOD) QSW 

(mod) QSX 
(mod) QSy 
(mod) QSZ 
(mod) QTA 
(mod) QTB 

(mod) Q'rc 
(mod) QTK 
(mod) 

(mod) 

(MOD) QTF 


Question 

What is the charge to be collected per 
word to . . . including your internal 
telegraph charge? 

Can you hear me between your signals? 

Can you acknowledge receipt? 

Shall I repeat the last telegram which 
I sent you, or some previous tele¬ 
gram? 

Did you hear me [or . . . (call sign)] on 
. . . kc/s (or Mc/s)? 

Can you communicate with . . . direct 
or by relay? 

Will you relay to . . . free of charge? 

Have you a doctor on board \or is . . . 
(name of person) on board]? 

Shall I send or reply on this frequency 
(or on . . . kc/s (or Mc/s)] (with emis¬ 
sions of class . . .)} 

Shall I send a series of Vs on this fre- 
(luency [or . . . kc/s (or Mc/s)]? 

Will you send on this frecjuency (or on 
. . . kc/s (or Mc/s)] (with emissions 
of class . . .)? 

Will you listen to . . , [call signCv)] on 
. . . kc/s (or Mc/s)? 

Shall I change to transmission on an¬ 
other frequency? 

Shall I send each word or group more 
than once? 

Shall I cancel telegram number ... as 
if it had not been sent? 

Do you agree with my counting of 
words? 


How many telegrams have you to send? 


What is my TRUE bearing from you? 

or 

What is my TRUE bearing from .. . 
(call sign)? 

or 

What is the TRUE bearing of ... (call 
5tgn) from . . . (caU sign)? 


Will you give me the position of my 
station according to the bearings 
taken by the direction finding sta¬ 
tions which you control? (see appen¬ 
dix 15), 


Answer or Advice 

The charge to be collected per word to 
. . . including my internal telegraph 
charge is . . . francs. 

I can hear you between my signals. 

I am acknowledging receipt. 

Repeat the last telegram which you 
sent me [or telegram (s) nuniber(s) 

...]. 

I did hear you [or . . . (call sign)] on 

. . . kc/s (or Mc/s). 

I can communicate with . . . direct (or 
by relay through . . .). 

I will relay to ... free of charge. 

I have a doctor on board [or . . . (name 
of person) is on board]. 

5^nd or reply on this frecjuency [or on 
. . , kc/s (or Mc/s)] (with emissions 
of class . . .). 

Send a series of V’s on this frequency 
[or . . . kc/s (or Mc/s)). 

I am going to send on this frequency 
[or on . . . kc/s (or Mc/s)] (with emis¬ 
sions of class . . .). 

I am listening to . . .[call 5fgw(.v)] on 
. . . kc/s (or Mc/s). 

Change to transmission on another fre¬ 
quency [or on . . . kc/s (or Mc/s)]. 

Send each word or group twice (or . . . 
times). 

Cancel telegram number ... as if it 
had not been sent. 

I do not agree with your counting of 
words; I will repeat the first letter 
or digit of each word or group. 

I have . . . telegrams for you (or for 


Your TRUE bearing from me is . . . 
degrees (at. . . hours). 

or 

Your TRUE bearing from . . . (call 
sign) was . .. degrees (at. . . hours). 

or 

The TRUE bearing of . . . (call sign) 
from . . . (call sign) was . . . degrees 
at. . . hours. 

The position of your station according 
to the barings taken by the direc¬ 
tion finding stations which I control 
was . . . latitude,. . . longitude, class 
.. . at. . . hours, (see appendix 15). 
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(MOD) QTG 

(new) 

QTH 

(MOD) QTI 

QTJ 

(new) 

(new) QTK 

(new) QTL 
(new) QTN 
QTO 

(new) 

QTP 

(new) 

QTQ 

(mod) QTR 
(new) QTS 

QTU 
(new) QTV 

(new) QTX 

(mod) qua 
(MOD) QUB 

(mod) QUC 


Question 


Will you send two dashes of ten seconds 
each followed by your call sign (re¬ 
lated . . times) [on . . . kc/s (or 

or 

Will you request... to send two 
dashes of ten seconds followed by 
his call sign (repealed . . . times) on 
. . . kc/s (or Mc/s)? 


What is your position in latitude and 
longitude (or according to any other 
indication) ? 


What is your TRUE track? 
What is your speed? 


(Requests the speed of a ship or aircra ft 
through the water or air respectively.) 


What is the speed of your aircraft in 
relation to the surface of the earth? 


What is your TRUE heading (TRUE 
course with no wind)? 


Answer or Advice 

! am going to send two dashes of ten 
seconds each followed by mv call sign 
(repeated . . . times) [on . . . kc/s (or 
Mc/s)l. 

or 

I have requested ... to send two 
dashes of ten seconds followed by 
his call sign (repeated . . . times) on 
. . . kc/s (or Mc/s). 

My position is . . . latitude . . . longi¬ 
tude (or according to any other indica^ 
tion). 

My 'I'RUE track is . . . degrees. 

My speed is . . . knots (or kilometres 
per hour). 

(Indicates tht speed of a ship or aircraft 
through the water or air respectively.) 

The speed of my aircraft in relation to 
the surface of the earth is . . . knots 
(or kilometres per hour). 

My TRUE heading is . . . degrees. 


At what time did you depart from . . . 
(place) ? 


departed from . . . (place) at . , . 
hours. 


Have you left dcK'k (or fyort)? 
Arc you air-borne? 


or 


I have left dix'k (or port). 
I am air-borne. 


or 


Are you going to enter dock (or port)? 

or 

.Arc you going to alight (or land)? 

Can you communicate with my station 
by means of the International Code 
of Signals? 

What is the correct time? 


I am going to enter dtx:k (or port). 

or 

I am going to alight (or land). 

I am going to communicate with your 
station by means of the International 
Code of Signals. 

The correct time is . . . hours. 


Will you vsend your call sign for . . . 
minute(s) now (or at. . . hours) [on 
. . . kc/s (or Mc/s)] so that your fre¬ 
quency may be measured? 

What are the hours during which your 
station is open? 

Shall I stand guard for you on the fre¬ 
quency of . . . kc/s (or Mc/s) (from 
. . . to . . . hours)? 

Will you keep your station open for 
further communication with me until 
further notice (or until . . . hours)? 

Have you news of . . . (call sign)? 

Can you give me, in the following order, 
information concerning: visibility, 
height of clouds, direction and veloc¬ 
ity of ground wind at. . . (place of 
observation)? 

What is the number (or other indication) 
of the last message you received from 
me [or from . . . (call sign)]? 


1 will send my call sign for , . . min- 
ute(s) now (or at . . . hours) [on . . . 
kc/s (or (Mc/s)] so that my frequency 
may be measured. 

My station is open from . . . to . . . 
hours. 

Stand guard for me on the frequency 
of ... . kc/s (or Mc/s) (from ... to 
. . . hours), 

I will keep my station open for further 
communication with you until fur¬ 
ther notice (or until . . . hours). 

Here is news of . . . (call sign). 

Here in the information requested . . . 


The number (or other indication) of the 
last message I received from you [or 
from . . . (call sign)] is . . . 


866 


RADIO MANUAL 


Abbre¬ 

viation 

(MOD) QUD 

(MOD) QIJF 

(MOD) QUO 
(new) 

QUH 

(new) QUI 
(MOD) QUJ 

QUK 

(MOD) QUL 

QUM 
(NEW) QUN 

(new) quo 

(NEW) QUP 

(new) QUQ 

(NEW) QUR 

(NEW) QUS 


Question 

Have you received the urgency signal 
sent by . . . {call sign of mobile sta^ 
lion)} 

Have you received the distress signal 
sent by . . . {call sign of mobile sta¬ 
tion) ? 

Will you be forced to alight {or land)? 


Will you give me the present baro¬ 
metric pressure at sea level? 

Are your navigation lights working? 

Will you indicate the TRUE course for 
me to steer towards you {or 
with no wind? 

Can you tell me the condition of the sea 
observed at. . . {place or coordi¬ 
nates) ? 

Can you tell me the swell observed at 
. . . {place or coordinates)} 

Is the distress traffic ended? 

Will vessels in my immediate vicinity 
[{or in the vicinity of . . . latitude 
. . . longitude) (or of . . .)1 please 
indicate their position, TRUE course 
and speed? 

Shall I search for . . . 

(1. Aircraft; 

2. Ship; 

3. Survival craft) 

in the vicinity of . . . latitude . . . 
longitude {or according to any other 
indication) ? 

Will you indicate your position by . . . 

(1.5^archlight; 

2. Black smoke trail; 

3. Pyrotechnic lights)? 

Shall I train my searchlight nearly ver¬ 
tical on a cloud, occulting if possible 
and, if your aircraft is seen, deflect 
the beam up wind and on the water 
{or land) to facilitate your landing? 

Have survivors . . , 

(1. Received survival equipment; 

2. Been picked up by rescue vessel; 

3. Been reached by ground rescue 
party)? 

Have you sighted survivors or wreck¬ 
age? If so, in what position? 


Answer or Advice 

I have received the urgency signal sent 
by . . . {call sign of mobile station) at 
. . . hours. 

I have received the distress signal sent 
by. . . {call sign of mobile station) 
at. . . hours. 

I am forced to alight {or land) imme¬ 
diately. 

or 

I will be forced to alight {or land) at 
. . . {position or place). 

The present barometric pressure at sea 
level is . . . {units). 

My navigation lights are working. 

The TRUE course for you to steer 
towards me {or . . .) with no wind 
is . . , degrees at . . . hours. 

The sea at. . . {place or coordinates) is 


The swell at . . . {place or coordinates) 
is . . . 

The distress traffic is ended. 

My position, TRUE course and speed 
are . . . 


Please search for . . . 

(1. Aircraft; 

2. Ship; 

3. Survival craft) 

in the vicinity of . . . latitude . . . 
lontigude {or according to any other 
indication). 

My (>osition is indicated by , . , 

(1. Searchlight; 

2. Black smoke trail; 

3. Pyrotechnic lights). 

Please train your searchlight on a 
cloud, occulting if possible and, if my 
aircraft is seen or heard, deflect the 
beam up wind and on the water {or 
land) to facilitate my landing. 

Survivors . . . 

(1. Are in possession of survival 
equipment dropped by . . 

2. Have been picked up by rescue 
vessel; 

3. Have been reached by ground 
rescue party). 

Have sighted . .. 

(1. Survivors in water; 

2. Survivors on rafts; 

3. Wreckage) 

in position • •. latitude ... lon¬ 
gitude (or according to any other 
tndication). 
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viation Question 

(new) QUT Is position of incident marked? 

(new) QUU Shall I home ship or aircraft to my posi¬ 
tion? 


(new) QFV What is my MAGNETIC bearing: from 
you (or from . . .)? 

(This signal, in general, will not he used 
in the Maritime Mobile Service.) 


Answer or Advice 

Position of incident is marked (by . . .). 

Home ship or aircraft . . , 

11. ... (call sign) to your position 
by transmitting your call sign 
and long dashes on . . . kc/s (or 
Mc/s); 

2. . . . (call sign) by transmitting 
on . . . kc/s (or Mc/s) courses to 
steer to reach you). 

Your MAGNETIC bearing from me 
(or from . , .) was. . . degrees at . . . 
houi s. 

(This signal, in general, will not be used 
tn the Maritime Mobile Service.) 


(NEW) QUX 


Will you indicate the MAGNEFIC 
course for me to steer towards you 
(or . . .) with no wind? 

(This signal, in general, will not he used 
in the Maritime Mobile Service.) 


The MAGNETIC course for you to 
stee- to reach me (or . . .) with no 
uind was . . . degrees at . . . hours. 

(This signal, in general, will not be used 
in the Maritime Mobile Service.) 


B. List of Signals According to the Nature of Questions, Answer or Advice 


Name 


QRA 

What is the name of your station? 

The name of my station is . , . 


Route 


(mod) QRD 

Where are you bound and where are 
you from? 

I am bound for . . . from . . . 


Position 


(mod) QRB 

How far approximately are you from 
my station? 

The approximate distance between our 
stations is . . . nautical miles (or 
kilometres). 

QTH 

What is your position in latitude and 
longitude (or according to any other 
indication) ? 

My position is . . . latitude . . . longi- 
tilde (or according to any other indica¬ 
tion). 

(new) QI'N 

At what time did you depart from . . . 
(place) ? 

I departed from . . . (place) at. , . 
hours. 


Quality of Signals 


(mod) QRI 

How is the tone of my transmission? 

The tone of your transmission is . . , 

(1. Good; 

2. Variable; 

3. Bad). 

(mod) QRK 

What is the readability of my signals 
(or those of . . .)? 

Strength of Signals 

The readability of your signals (or 
those of . . .) is . . . 

(1. Unreadable; 

2. Readable now and then; 

3. Readable, but with difficulty; 

4. Readable; 

5. Perfectly readable). 

(mod) QRO 
(MOD) QRP 
(MOD) gSA 

Shall 1 increase p)ower? 

Shall I decrease power? 

What is the strength of my signals (or 
those of . . .) ? 

Increa.se power. 

Decrease power. 

The strength of your signals (or those 
of . . .) is . . . 

(1. Scarcely perceptible; 

2. Weak; 


3. Fairly good; 

4. Good; 

5. Very good). 
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Question 

Answer or Advice 

(mod) QSB 

Are my sig^nals fading? 

Your signals are fading. 


Keying 


(mod) QRQ 

Shall I send faster? 

Send faster (. . . words per minute). 

(new) QRR 

Are you ready for automatic operation? 

I am ready for automatic operation. 
Send at . . . words per minute. 

(MOD) QRS 

Shall I send more slowly? 

Send more slowly (. . . words pier min¬ 
ute). 

(mod) QSD 

Is my keying defective? 

Your keying is defective. 


Interference 


QRM 

Are you being interfered with? 

I am being interfered with. 

QRN 

Are you troubled by static? 

I am troubled by static. 


Adjustment of Frequency 


(mod) QRG 

Will you tell me my exact frequency 
(or that of . . .)? 

Your exact frequency (or that of . . .) 
is . . . kc/s (or Mc/s). 

(mod) QRH 

Does my frequency vary? 

Your frequency varies. 

(new) QTS 

Will you send your call sign for . . . 
minute(s) now (or at. . . hours) [on 
. . . kc/s (or Mc/s)] so that your fre¬ 
quency may be measured? 

I will send my call sign for . . . min- 
ute(s) now (or at . . . hours) [on . . . 
kc/s (or Mc/s)] so that my frequency 
may be measured. 


Choice of Frequency and/or 

Class of Emission 


(new) QSN 

Did you hear me [or . . . (call sign)] on 
. . . kc/s (or Mc/s)? 

I did hear you [or . (call sign)] on 
. . . kc/s (or Mc/s). 

(mod) QSU 

Shall I send or reply on this frequency 
[or on . . . kc/s (or Mc/s)] (with emis¬ 
sions of class . . .)? 

Send or reply on this frequency [or on 
. . . kc/s (or Mc/s)l (with emissions 
of class . . .). 

(MOD) QSV 

Shall I send a series of V*s on this fre¬ 
quency [or . . . kc/s (or Mc/s)]? 

Send a series of V’s on this frequency 
[or . . . kc/s (or Mc/s)]. 

(MOD) QSW 

Will you send on this frequency [or on 
. . . kc/s (or Mc/s)] (with emissions 
of class . . .)? 

I am going to send on this frequency 
[or on . . . kc/s (or Mc/s)] (with 
emissions of class . . .). 

(MOD) QSX 

Will you listen to . . . [call sign(s)] on 
. . . kc/s (or Mc/s)? 

1 am listening to . . . [call sign(s)] on 
. .. kc/s (or Mc/s). 


Change of Frequency 


(MOD) QSV 

Shall I change to transmission on an¬ 
other frequency? 

Change to transmission on another 
frequency [or .. . kc/s (or Mc/s)]. 


Establiahing Communication 


QRL 

Are you busy? 

I am busy (or I am busy with . . .). 
Please do not interfere. 

QRV 

Are you ready? 

I am ready. 

(MOD) QRX 

When will you call me again? 

I will call you again at. . . hours (on 
. ,. kc/s) (or Mc/s). 

(MOD) QRY 

What is my turn? 

(Relates to communication,) 

Your turn is Number ... (or according 
to any other indication). 

(Relates to communication.) 

(mod) QRZ 

Who is calling roe? 

You are being called by . . . [on . . . 


kc/s (or Mc/s)l. 
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Question 

(new) QSC 

Are you a cargo vessel? 

{See article JJ, section P). 

QTQ 

Can you communicate with my station 
by means of the International Code 
of Signals? 


Time 

(MOD) QTR 

What is the correct time? 

(JTU 

What are the hours during which your 
station is op)cn? 


Charges 

(mod) QRC 

By what private enterprise {or Stale 
Administration) are the accounts for 
charges for your station settle<l? 

QSJ 

What is the charge to I)e collected pe** 
word to . . . induding your internal 
telegraph charge? 


Transit 

(MOD) QRW 

Shall I inform . . . that you are calling 
him on . . . kc/s {or Mc/s)? 

(MOD) gso 

Can you communicate with . . . direct 
or by relay? 

QSP 

Will you relay to . . . free of charge? 

(NEW) gsy 

Have you a doc'lor on board [or is . . . 
(name of jxjrson) on board]? 

(mod) grA 

Have you news of . . . (tall sign)} 

(mod) guc 

What is the number {or other indication) 
of the last message you received from 
me [or from . . . {call 5/gw)l? 


Exchange of Correspondence 

gnu 

Have you anything for me? 

(MOD) gsG 

Shall I send . . . telegrams at a time? 

(NEW) g.si 



(MOD) 

QSK 

Can you hear me between your signals? 


QSL 

Can you acknowledge receipt? 

(mod) 

QSM 

Shall I repeat the last telegram which I 
sent you, or some previous telegram? 

(mod) 

QSZ 

Shall I send each word or group more 
than once? 

(mod) 

QTA 

Shall I cancel telegram number . . . a.s 
if it had not been sent? 

(mod) 

QTB 

Do you agree with my counting of 
words? 


Answer or Advice 
1 am a cargo vessel. 


I am ^oing to communicate with ^our 
station by means of the International 
Code of Signals. 


The correct time is . . . hours. 

Mv station is open from . . . to . . . 
hours. 


The accounts for charges of my station 
are settled by the private enterprise 
... {or State Administration). 

The charge to l)e collected per word to 
. . . including my internal telegraph 
charge is . . . francs. 


Please inform . . . that I am calling him 
on . . . kc/s {or Mc/s). 

1 can communicate with . . . direct (or 
by relay through . . .). 

I will relay to . . . free of charge. 

I have a dtK'ior on board \or . . . (name 
of iHjrson) is on board). 

Here is news of . . . {call sign). 

The number {or other indication) of the 
last message 1 received from you [or 
from . . . {call ifgw)] is . . . 


I have nothing for you. 

Send . . . telegrams at a time. 

1 have been unable to break in on your 
transmission. 

or 

Will you inform . . . {Call .Sign) that I 
have been unable to break in on his 
transmission [on . . . kc/s (or (Mc/s)]. 

1 can hear you between my signals. 


I am acknowledging receipt. 


Repeat the last telegram which you 
sent me [or telegram(s) number(s) 


Send each word or group twice (or . . . 
times). 

Cancel telegram number ... as if it 
had not ^n sent. 


I do not agree with your counting of 
words; I will repeat the first letter or 
digit of each word or group. 
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Question 

Answer or Advice 

(mod) QTC 

How many telegrams have you to send? 

I have . . . telegrams for you (or for 

. . 

Stand guard for me on the frequency 
of . . . kc/s (or Mc/s) (from ... to 
. . . hours). 

(NEW) QTV 

Shall I stand guard for you on the fre¬ 
quency of . . . kc/s {or Mc/s) (from 
. . . to . , . hours) ? 

(NEW) QTX 

Will you keep your station open for 
further communication with me until 
further notice (or until. . . hours)? 

I will keep my station open for further 
communication with you until fur¬ 
ther notice (or until . . . hours). 


Movement 


(new) QRE 

What is your estimated time of arrival 
at . . . {place)} 

My estimated time of arrival at . . . 
{place) is . . . hrs. 

(new) QRF 

Are you returning to . . . {place)} 

I am returning to . . . {place). 

or 

Return to . . . {place). 

(mod) QTI 

What is your TRUE track? 

My TRUE track is . . . degrees. 

QTJ 

What is your speed? 

{Requests the speed of a ship or aircraft 
through the water or air respectively.) 

My speed is . . . knots (or kilometres 
per hour). 

{Indicates the speed of a ship or aircraft 
through the water or air respectively.) 

(NEW) QTK 

What is the speed of your aircraft in 
relation to the surface of the earth? 

The speed of my aircraft in relation to 
the surface of the earth is . . . knots 
(or kilometres per hour). 

(new) QTL 

What is your TRUE heading (TRUE 
course with no wind)? 

My TRUE heading is . . . degrees. 

(NEW) QTN 

At what time did you depart from . . . 
{place)} 

I departed from . . . {place) at . . . 
hours. 

QTO 

(new) 

Have you left dock {or port)? 

or 

Are you air-borne? 

I have left dfM:k (or port). 

or 

I am air-borne. 

QTP 

(new) 

Are you going to enter dock {or jx)rt)? 

or 

Are you going to alight {or land)? 

I am going to enter dock (or port). 

or 

I am going to alight (or land). 

(mod) QUG 

Will you be forced to alight {or land)? 

I am forced to alight (or land) imme¬ 
diately. 

or 

I will be forced to alight (or land) at 
. . . {position or place). 

(mod) QIJJ 

Will you indicate the TRUE course for 
me to steer towards you (or . . .) 
with no wind? 

The I'RUE course for you to steer 
towards me (or . . .) with no wind is 
. . . degrees at . . . hours. 

(new) QUN 

Will vessels in my immediate vicinity 
[(or in the vicinity of . . . latitude 
. . . longitude) {or of . . .)) please in¬ 
dicate their position, TRUE course 
and speed? 

My position, TRUE course and speed 
are . . , 

(new) QUX 

Will you indicate the MAGNETIC 
course for me to steer towards you 
(or . . .) with no wind? 

{This signal, in general, will not he used' 
in the Maritime Mobile Service.) 

The MAGNETIC course for you to 
steer to reach me (or . . .) with no 
wind was . . . degrees at . . . hours. 

{This signal, in general, will not he used 
in the Maritime Mobile Service.) 


Meteorology 


(mod) QUB 

Can you give me, in the following order, 
information concerning: visibility, 
heip:ht of clouds, direction and ve¬ 
locity of ground wind at . . . {place 
of observation)} 

Here is the information requested . . . 
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Abbre¬ 

viation 

Question 

QUH 

Will you give me the present baro¬ 
metric pressure at sea level? 

QUK 

Can you tell me the condition of the sea 
observed at . . . (place or coordi¬ 
nates) ? 

(mod) QUL 

Can you tell me the swell observed at 
. . . (place or coordinates)} 


Radio Direction-finding 

(MOD) QTE 

What is my TRUE bearing from you? 

(mod) 

(mod) 

or 

What is my TRUE bearing from . . . 
(call sign) ? 

or 

What is the TRUE bearing of . . . (lall 
sign) from . . . (call sign)! 

(mod) QTF 

Will you give me the position of my 
station accfirding to the bearings 
taken by the direction finding sta¬ 
tions which you control? (See Appen¬ 
dix 15.) 

(mod) QTG 

(new) 

Will you send two dashes of ten seconds 
each followed by your call sign (rt^- 
peated . . . times) (on . . . kc/s (or 
Mc/s)1? 

or 

Will >'ou request ... to send two 
dashes of ten seconds followed by 
his call sign (rep(*ated . . . times) on 
. . . kc/s (or Mc/s)? 

(new) QUV 

What is my MAGNETIC bearing from 
you (or from . . .)? 

(This signal, in general, will not be used 
in the Maritime Mobile Service.) 


Suspension of Work 

(mod) QRT 

Shall I stop sending? 


Urgency 

(mod) QUD 

Have you received the urgency signal 
.sent by . . . (call sign of mobile sta¬ 
tion) ? 

(mod) QUG 

Will you be forced to alight (or land)? 

(new) 

Distress 

(MOD) QUF 

Have you received the distress signal 
sent by . . . (call sign of mobile sta¬ 
tion) ? 

QUM 

Is the distress traffic ended? 


Search and Rescue 

(new) QUI 

Are your navigation lights working? 


Answer or Advice 

The present barometric pressure at sea 
level is . . . {units). 

The sea at . . . (place or coordinates) is 


I'he swell at . . . (place or loordinates) 
is . . . 


Your 'I'kllE bearing from me is . . . 
degrees at . . . hours). 

or 

Y'our TRUE bearing from . . . (call 
sign) was . . . degrees at . . . hours. 

or 

The TRUE hearing of . . . (call sign) 
from . . . (call sign) was . . . degrees 
at , . . hours. 

The position of your station according 
to the bearings taken by the direction 
finding stations which I control was 
. . . latitude, . . . longitude, class . . . 
at . . . hours. (.SVc Appendix 15.) 

I am going to send two dashes of ten 
seconds each followed by my c-all sign 
(rei)eated . . . times) |on . . . kc/s (or 
Mc/s)|. 

or 

I h.ive re(| nested ... to send two 
dashes of ten seconds followed by 
his call sign (repeated . . . times) on 
. . . kc/s (or Mc/s). 

Your MAGNETIC bearing from me 
(or from . . .) was . . . degrees at . . . 
hours. 

(This signal^ in general, will not be used 
in the Maritime Mobile Service.) 


Stop sending. 


I have received the urgency signal sent 
by . . . (call sign of mobile station) at 
. . . hours. 

I am forced to alight (or land) imme¬ 
diately. 

or 

1 will be forced to alight (or land) at 
. . . (position or place). 


I have received the distress signal sent 
by . . . (call sign of mobile station) at 
. . . hours. 

The distress traffic is ended. 


My navigation lights are working. 
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Abbre¬ 
viation Question 

(new) QUN Will vessels in my immediate vicinity 
[(or in the vicinity of . . . latitude 
. . . longitude) (or of . . .)] please in¬ 
dicate their position, TRUE course 
and speed? 

(new) quo Shall I search for . .. 

(1. Aircraft; 

2. Ship; 

3. Survival craft) 

in the vicinity of . .. latitude . . . 
longitude (or according to any other 
indication) ? 

(new) QUP Will you indicate your position by . . . 

(1. Searchlight; 

2. Black smoke trail; 

3. Pyrotechnic lights)? 

(new) QUQ Shall I train my searchlight nearly 
vertical on a cloud, occulting if pos¬ 
sible and, if your aircraft is seen, 
deflect the beam up wind and on the 
water (or land) to facilitate your 
landing? 

(new) QUR Have survivors , . . 

(1. Received survival equipment; 

2. Been picked up by rescue vessel; 

3. Been reached by ground rescue 

party)? 

(new) QUS Mave you sighted survivors or wreck¬ 
age? If so, in what position? 


(new) QUT Is position of incident marked? 

(new) QUU Shall I home ship or aircraft to my 
position? 


Answer or Advice 

My position, TRUE course and speed 
are . . . 


Please search for .. • 

(1. Aircraft; 

2. Ship; 

3. Survival craft) 

in the vicinity of . . . latitude . , , 
longitude (or according to any other 
indication). 

My position is indicated by . . . 

(1. Searchlight; 

2. Black smoke trail; 

3. Pyrotechnic lights). 

Please train your searchlight on a 
cloud, occulting if possible and, if 
my aircraft is seen or heard, deflect 
the beam up wind and on the water 
(or land) to facilitate my landing. 


Survivors . . , 

(1. Are in possession of survival 
equipment dropped by . . .; 

2. Have been picked up by rescue 

vessel; 

3. Have been reached by ground 

rescue party). 

Have sighted . . . 

(1. Survivors in water; 

2. Survivors on rafts; 

3. Wreckage) 

in position . . . latitude . . . longi¬ 
tude (or according to any other indica~ 
tion). 

Position of incident is marked (by . . .)• 

Home ship or aircraft . . . 

[1. ... (call sign) to your position 
by transmitting your call sign 
and long dashes on . . . kc/s 
(or Mc/s); 

2. . . . (call sign) by transmitting 
on . , . kc/s (or Mc/s) courses 
to steer to reach you). 


SECTION n. MISCELLANEOUS ABBREVIATIONS AND SIGNALS 

Abbreviation 

or Signal Definition 

AA All after ... (used after a question mark to request a repetition), 

AB All before .. . (used after a question mark to request a repetition). 

ABV Repeat (or I repeat) the figures in abbreviated form. 

(new) ads Address (used after a question mark to request a repetition). 

(new here) AR End of transmission (mmm ^ mm m to he sent as one signal). 

AS Waiting period (mmmmmmtobe sent as one signal). 
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Abbreviation 



or Signal 

Definition 

(new) 

BK 

Signal used to interrupt a transmission in progress. 


BN 

All between . . . and . . . {used after a question mark to request a repetition). 


BQ 

A reply to an RQ 


C 

Yes. 


CFM 

Confirm (or I confirm). 


CL 

I am closing my station. 


COL 

Collate (or I collate). 

(new here) CP 

General call to two or more specified stations (see article 32), 

(new here) CQ 

General call to all stations {see article 31). 

(mod) 

CS 

Call sign {used to request a call sign). 


DB 

I cannot give you a bearing, you are no" in the calibrated sector of this 
station. 


DC 

The minimum of your signal i.*- suitable for the bearing. 

(mod) 

DF 

Your bearing at . . . {time) WcS . . degrees, in the doubtful sector of this 
station, with a j^ossible error of . . . degrees. 

(mod) 

DG 

Please advise me if you note an error in the bearing given. 

(mod) 

DI 

Bearing doubtful in consequence of the bad quality of your signal. 

(mod) 

DJ 

Bearing doubtful because of interference. 


DO 

Bearing doubtful. Ask for another bearing later [or at , {time)]. 

(mod) 

DP 

Possible error of bearing may amount to . . . degrees. 

(mod) 

DS 

Adjust your transmitter, the minimum of your signal is too broad. 

(mod) 

DT 

I cannot furnish you with a bearing; the minimum of your signal is too 
broad. 

(mod) 

DY 

'J'his station is not able to determine the sense of the bearing. What is your 
approximate direction relative to this station? 


DZ 

Your bearing is reciprocal. {To be used only by the control station of a group 
of direction-finding stations when it is addressing stations of the same groups 

(new here) DE 

Used to separate the call sign of the station called from the call sign of the 
calling station. 

(mod) 

ER 

Here . . . 

(new) 

ETA 

Estimated time of arrival. 


ITP 

The punctuation counts. 

(mod) 

JM 

Makes a series of dashes if I may transmit. Make a series of dots to stop my 
transmission {not to be used on 500 kcis except in cases of distress). 

(new here) K 

Invitation to transmit. 

(mod) 

MN 

Minute {or Minutes). 

(mod) 

MSG 

Prefix indicating a message to or from the master of a ship concerning its 
operation or navigation. 


N 

No. 

(mod) 

NIL 

I have nothing to send to you. 

(mod) 

NW 

Now% 

(mod) 

OK 

We agree ((>r It is correct). 

(mod) 

P 

Prefix indicating a private radiotelegram. 


PBL 

Preamble {used after a question mark to request a repetition). 
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Abbreviation 

or Signal Definition 

(new) PTR Used by a coast station to request the position and next port of call of a 

mobile station. (See 700.) 

(new here) R Received. 

REF Reference to ... (or Refer to .. .). 

(mod) RPT Repeat (or I repeat) (or Repeat.. .). 

(new) RQ Indication of a request. 

SIG Signature (used after a question mark to request a repetition). 


(new here) SOS Distress Signal (•■■■-■«-■•■■ /o fee sent as one signal). 

(mod) SS Indicator preceding the name of a ship station. 

(mod) SVC Prefix indicating a service telegram. 

(new) SYS Refer to your service telegram. 

TFC Traffic. 

(mod) TR Used as a prefix to indicate reply to PTR. 

(new here) tit This group when sent three times constitutes the safety signal (see 943). 

(mod) TU Thank you. 

TXT Text (used after a question mark to request a repetition). 


(new here) VA End of work (m m m mm to he sent as one signal). 

(mod) W Word(s) or [Group(s)]. 

WA Word after . . . (used after a question mark to request a repetition). 

WB Word before .. . (used after a question mark to request a repetition). 

(new here) XXX This group when sent three times constitutes the urgency signal (see 934). 


APPENDIX 13 

Hours of Service for Ships in the Second Category 

(See articles 20 and 35) 

SECTION L TABLE 

Hours of Service 
(Greenwich mean 
time) (G.M.T.) 


Zones 

Western 

Limits 

Eastern Limits 

8 hours 
(H8) 

16 hours 
(HI 6) 

A 

Eastern Atlantic 

Meridian of 

Meridian of 30® E. 

from to 

8h. lOh. 

from 

Oh. 

to 

6h. 

Ocean, Mediter¬ 

30® W., Coast 

to the South of the 

12h. 

14h. 

8h. 

14h. 

ranean, North 

of Greenland. 

Coast of Africa, 

16h. 

18h. 

16h. 

18h. 

Sea, Baltic. 


Eastern limits of 

20h. 22h. 

20h. 

22h. 


the Mediterranean, 
of the Black Sea, 
and of the Baltic, 
30® E. to the 
North of Norway. 


B 




from 

to 

from 

to 

Western 

Indian 

Eastern Limit 

Meridian of 80® E., 

4h. 

6h. 

Oh. 

2h. 

Ocean, 

Eastern 

of Zone A. 

Western Coast of 

8h. 

lOh. 

4h. 

lOh. 

Arctic Sea. 


Ceylon to Adam’s 

12h. 

14h. 

12h. 

14h. 




Bridge, thence 
Westward round 

16h. 

18h. 

16h. 

18h. 






20h. 

24h. 


the coast of India. 
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Zones 

C 

Eastern Indian 
Ocean, China 
Sea, Western 
Pacific Ocean. 

D 

Central Pacific 
Ocean. 


E 

Eastern Pacific 
Ocean. 


F 

Western Atlantic 
Ocean and Gulf 
of Mexico. 


Western 

Limits 

Eastern Limit 
of Zone B. 


Eastern Limit 
of Zone C. 


Eastern Limit 
of Zone D. 


Meridian of 
90° W., Gulf 
of Mexico, 
East Coast of 
North Amer¬ 
ica. 


Hours of Service 
(Greenwich mean 
time) (G.M.T.) 


Eastern Limits 


8 hours 16 Hours 

(H8) (H16) 


Meridian of 160® E. 


Meridian of 140® W. 


Meridian of 90° W. 
as far as the Coast 
of Central America, 
then I h e West 
Coast ol Central 
America and North 
America. 

Meridian of 30® W., 
Coast of Green¬ 
land. 


from 

to 

from 

to 

Oh. 

2h. 

Oh. 

6h. 

4h. 

6h. 

8h. 

lOh. 

8h. 

lOh. 

12h. 

]4h. 

12h. 

14h. 

16h. 

22h. 

from 

to 

from 

to 

Oh. 

2h. 

Oh. 

2.h 

4h. 

6h. 

4h. 

6h. 

8h. 

lOh. 

8h. 

lOh. 

20h. 

22h. 

12h. 

18h. 



20h. 

24h. 

from 

to 

from 

to 

Oh. 

2h. 

Oh. 

2h. 

4h. 

6h. 

4h. 

6h. 

6h. 

18h. 

8h. 

14h. 

20h. 

22h. 

16h. 

22k. 


from 

to 

from 

to 

Oh. 

2h. 

Oh. 

2h. 

12h. 

14h. 

4h. 

lOh. 

16h. 

18h. 

12h. 

18h. 

20h. 

22h. 

20h. 

22h. 


APPENDIX 15 

Procedure for Obtaining Radio Direction-Finding 
Bearings and Positions 

(See article 44) 

Section I. General Instructions 

§ 1. (mod) Before calling one or more direction-finding stations for the purpose 
of asking for a bearing or position, a mobile station must ascertain from the List 
of Stations: 

a) the call .signs of the stations to be called to obtain the desired 
bearings or position; 

h) the frequency on which the radio direction-finding .stations keep 
watch, and the frequency or frequencies on which they take 
bearings; 

c) the radio direction-finding stations which, being linked by special 
circuits, can be grouped with the radio direction-finding station 
to be called. 

§ 2. The procedure to be followed by the mobile station depends on vary¬ 

ing circumstances. Generally, the following mu.st be taken into account: 

a) If the radio direction-finding stations do not keep watch on the 
same freciuency (whether it be the frequency on which bearings are 
taken or another frequency), a separate request for the bearings 
must be made to each station or group of stations using a given 
frequency. 

h) If all the radio direction-finding stations concerned keep watch on 
the same frequency, and if they are able to take bearings on a 
common frequency (which may be different from the listening 
frequency), the mobile station must call all of them at the same 
time, in order that these stations may take simultaneous bearings 
on the same transmission. 
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c) (mod) If several radio direction-finding stations are grouped by 
means of special circuits, only one of them, the radio direction¬ 
finding control station, must be called even if all are furnished with 
transmitting apparatus. In that case, however, the mobile station 
must, if appropriate, specify in the call, by means of call signs, the 
radio direction-finding stations from which it wishes to obtain 
bearings. 

§ 3. (mod) The List of Radiolocation Stations contains information relating to: 

a) the type of signal and class of emission to be used for obtaining 
the bearings; 

b) the duration of the transmission to be made by the mobile station; 
and 

e) the time used by the radio direction-finding station in question, if 
different from Greenwich mean time (G.M.T.). 

Section II. Rules of Procedure 

§ 4. (new) The following rules of procedure are based on the use of radioteleg¬ 
raphy. For radiotelephony, appropriate phrases may replace the service abbre¬ 
viations. 

§5. To obtain a bearing or course, 

(1) (mod) The mobile station calls the radio direction-finding station or 
the radio direction-finding control station on the listening frequency indicated in 
the List of Stations. Depending on the type of information desired, the calling 
station transmits the appropriate service abbreviation followed, if the radio 
direction-finding station is a mobile station, by the service abbreviation QTH? 
It indicates, if necessary, the frequency on which it is going to transmit to enable 
its bearing to be taken, and then awaits instructions. 

(2) (mod) The radio direction-finding station called requests the calling 
station, by means of the appropriate service abbreviation, to transmit for the 
bearing. If necessary, it indicates the frequency to be used for this purpose and 
the number of times the transmission is to be repeated. 

(3) (mod) After having changed, if necessary, to its new transmitting 
frequency, the calling station transmits two dashes of approximately ten seconds 
each, followed by its call sign. It repeats this signal as often as the radio direction¬ 
finding station requires. 

(4) (mod) The radio direction-finding station determines the direction 
and, if possible, the sense of the bearing, and its classification [see (9)]. 

(5) If the radio direction-finding station is not satisfied with the opera¬ 
tion, it requests the calling station to repeat the transmission described under (3). 

(6) (mod) The radio direction-finding station transmits the information 
to the calling station in the following order: 

a) the appropriate service abbreviation; 

b) three digits indicating the true bearing or the true course from the 
radio direction-finding station; 

c) class of bearing; 

d) time of observation; 

e) if the radio direction-finding station is mobile, its own position in 
latitude and longitude, preceded by the service abbreviation QTH. 

(7) (mod) As soon as the calling station has received the result of the 
observation, if it is considered necessary to obtain confirmation, it repeats back 
the message. The radio direction-finding station then confirms that the repetition 
is correct or, if necessary, corrects it by repeating the message. When the radio 
direction-finding station is sure that the calling station has received the message 
correctly, it transmits the signal “end of work.’* The calling station repeats this 
signal as an indication that the operation is finished. 
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(8) (new) In the absence of information to the contrary, the calling 
station assumes that the sense of the bearing was determined. If the radio 
direction-finding station has not determined the sense, it indicates this in the 
information transmitted, or reports the bearing and its reciprocal. 

(9) (new) According to its estimate of the accuracy of the observation, 
the radio direction-finding station classifies the bearing in one of the three follow¬ 
ing classes: 

Class A: bearings which the operator may reasonably consider to be 
accurate to within db 2® (two degrees); 

Class B: bearings which the operator may reasonably consider to be 
accurate to within rfc 5° (five degrees); 

Class C: bearings which the operator may reasonably consider to be 
accurate to within rt 10® (ten degrees). 

§ 6. To obtain a position determined by two ot more radio direction-finding 

stations organized as a group, 

(1) (mod) If the calling station wishes to be informed of its position by a 
group of radio direction-finding stations, it calls the control station as is indicated 
in §5 (1) above, and reciuests a position bv means of the api)ropriate service 
abbreviation. 

(2) (mod) the control station replies to the call and, when the radio 
direction-finding stations are ready, requests, hy means of the appropriate service 
abbreviation, the calling station to transmit. When the position has been deter¬ 
mined, it is transmitted by the control station to the calling station in the form 
indicated in § 5 (6). 

(3) (new) According to its estimate of the accuracy of the observation, 
the control station classifies the position in one of the three following classes: 

Class A: positions which the operator may rea.sonably expect to be 
accurate to within 5 nautical miles; 

Class B: positions which the operator may reasonabh expect to be 
accurate to within 20 nautical miles; 

Class C: positions which the operator may reasonably expect to be 
accurate to within 50 nautical miles. 

§ 7. (mod) To obtain simultaneous bearings from two or more radio dire(tion-finding 
stations organized as a group. 

On a request for bearings, the control station of a group of radio 
direction-finding stations proceeds as indicated in § 6 above. It finally transmits 
the bearings* as observed by each station of the group, each bearing being preceded 
by the call sign of the station which observed it. 


ARTICLE 8 

Doubtful Reception. Transmission by ‘‘Ampliation” 

Long-distance Radiocommunications 

2114 § 1. (1) In the mobile service, when communication becomes difficult, the 

two stations in communication make every effort to complete the radiotelegram 
in course of transmission. The receiving station may request not more than two 
repetitions of a radiotelegram of which the reception is doubtful. If this triple 
transmission is ineffective, the radiotelegram is kept on hand in case a favourable 
opportunity for completing its transmission occurs. 

2115 (2) If the transmitting station considers that it will not be possible to 
re-establish communication with the receiving station within twenty-four hours, 
it proceeds as follows: 

2116 If the transmitting station is a mobile station ^ 

it immediately informs the sender of the reason for the non¬ 
transmission of his radiotelegram. The sender may then request: 
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2117 —that the radio telegram be transmitted through another land station 

or through other mobile stations; or 

2118 —that the radiotelegram be held until it can be transmitted without 

additional charge; or 

2119 —that the radiotelegram be cancelled. 

2120 b) If the transmitting station is a land station^ 

it applies the provisions of article 7 to the radiotelegram. 

2121 § 2. When a mobile station subsequently transmits a radiotelegram thus 

held to the land station which incompletely received it, this new transmission 
must bear the service instruction ^‘ampliation’’ in the preamble of the radio- 
telegram. If the radiotelegram is transmitted to another land station subject 
to the same administration or the same private enterprise, the new transmission 
must bear the service instruction “ampliation via . . . (insert here the call 
sign of the land station to which the radiotelegram was transmitted in the first 
instance) and the administration or private enterprise in question may claim 
only the charges relating to a single transmission. The “other land station” 
which thus forwards the radiotelegram may claim from the mobile station of 
origin any additional charges resulting from the transmission of the radiotelegram 
over the general communication network between itself and the office of destina¬ 
tion. 

2122 § 3. When the land station designated in the address as the station by 

which the radiotelegram is to be forwarded cannot reach the mobile station of 
destination, and has reason to believe that such mobile station is within range of 
another land station of the administration or private enterprise to which it is 
itself subject, it may, if no additional charge is incurred thereby, forward the radio- 
telegram to this other land station. 

2123 § 4. (1) A station of the mobile service which has received a radiotelegram 

and has been unable to acknowledge its receipt in the usual way, must take the 
first favourable opportunity to give such acknowledgment. 

2124 (2) When the acknowledgment of receipt of a radiotelegram transmitted 
between a mobile station and a land station cannot be given direct, it is forwarded 
through another mobile or land station, if the latter is able to communicate with 
the station which has transmitted the radiotelegram in question. In any case no 
additional charge must result. 

2125 § 5. (1) Administrations reserve the right to organize a long-distance radio- 

communication service between land stations and mobile stations, with deferred 
acknowledgment of receipt or without any acknowledgment of receipt. 

2126 (2) When there is doubt about the accuracy of any part of a radio- 
telegram transmitted under either of these systems, the indication “doubtful 
reception” is entered on the copy delivered to the addressee, and the doubtful 
words or groups of words are underlined. If words are missing, blanks are left 
in the places where these words should be. 

2127 (3) In the long-distance radiocommunication service with deferred 
acknowledgment of receipt, when the transmitting land station has not, within 
a period of 5 days, received the acknowledgment of receipt of a radiotelegram 
sent by it, the station notifies the office of origin. The reimbursement of the 
land station and ship or aircraft charges must be postponed until the office of 
origin has ascertained from the land station in question that an acknowledgment 
of receipt has not been received subsequently, within a period not exceeding one 
month. 

2128 (new) (4) Each administration designates the long-distance land station or 
stations jfor which its mobile stations keep watch. 
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ARTICLE 9 

Retransmission by Stations of the Mobile Service 
Section I. Retransmission at the Request of the Sender 

2129 § 1. Stations of the mobile service must, if the sender so requests, serve 

as intermediaries for the exchange of radiotelegrams originating in or destined 
for other stations of the mobile service; the number of intermediary stations of the 
mobile service, is, however, limited to two. 

2130 § 2. Radiotelegrams forwarded as described in 2129 above must bear, 

before the address, the paid service indication = RM = (retransmission). 

2131 § 3. (mod) The transit charge, whether two intermediarv stations are concerned 
or only one, is fixed uniformly at forty centimes (0 fr. 40) per word pure and 
simple, without the collection of a minimum charge. When two stations of the 
mobile service have participated this charge is divided equally between them. 

Section II. Routine Retransmission 

2132 §4. (1) When a land station cannot iCcuh the mobile station for which a 

radiotelegram is destined and no payment retransmission of the radiotelegram 
has been deposited by the sender, the land station may, in order to forward the 
radiotelegram to its destination, have recourse to the help of another mobile 
station provided that the latter consents. The radiotelegram is then transmitted 
to this other mobile station. The help of the latter is given free of charge. 

2133 (2) The same provision is also applicable to traffic from mobile stations 
to land stations, when necessary. 

2134 (3) The station assisting in the free retransmission in accordance with 
the provisions of 2132 and 2133 must enter the service abbreviation QSP . . . 
(name of the mobile station) in the preamble of the radiotelegram. 

2135 (4) In order that a radiotelegram thus forwarded may be considered as 
having reached its destination, the station which has made use of this indirect 
route must have obtained the regular acknowledgment of receipt, cither direct or 
by an indirect route, from the mobile station for which the radiotelegram was 
destined or from the land station to which it was to be forwarded, as the case 
may be. 


ARTICLE 10 

Advice of non-delivery 

2136 § 1. When, for any reason, a radiotelegram originating in a mobile station 

and destined for a place on land cannot be delivered to the addre.ssee, an advice 
of non-delivery is addressed to the land station which received the radiotelegram. 
After checking the address, the land station forwards the advice, when possible, 
to the mobile station, if necessary, by way of another land station of the same 
country or of a neighbouring country, as far as existing conditions or special 
agreements permit. 

2137 § 2. When a radiotelegram received at a mobile station cannot be delivered, 

that station so informs the office or mobile .station of origin by a service advice. 
In the case of a radiotelegram originating on land, this service advice is sent, 
whenever possible, to the land station through which the radiotelegram passed 
or, if necessary, to another land station of the same country or of a neighbouring 
country, as far as existing conditions or special agreements permit. 
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AFC, 84 

AVC, 64 

Abbreviations, operating, miscellaneous, 872 
police, 781 
Q code, 862 

Absorption frequency meter, 224 
Absorption, in auroral zones, 688 
Absorption, in ionosphere, 688 
Absorption wavemeter, 224 
Accelerating electrode, 442 
Acoustic feedback, 353 
Adcock direction finder, 661-665 
Advance ball, 350 
Alarm signal, 533, 578, 585, 856 
Alford slotted tubular antenna, 745 
Allocation of call signs, 835 
Alternating current, 14 
effective value, 16 
harmonics, 14 
peak value, 16 
rms value, 16 

single and polyphase, 16, 35-37 
Alternating current circuits, resonance in, 17 
Alternating current generator, 23 
Alternating current motor, 31 
Alternating current systems, delta, 36 
polyphase, 16, 35-37 
star, 36 
Y. 36 

three-phase, four-wire, 35 
three-phase, three-wire, 36 
two-phase, four-wire, 35 
two-phase, three-wire, 35 
Alternating current transformers, 17-19 
Alternator, inductor, 24 
revolving armature, 24 
revolving field, 24 
Alto troposphere, 685 
Ammeter, 8 
hot-wire, 16 
thermocouple, 16 
Ampere, 4 
Ampere-hour, 40 
Ampere-turns, 8 

Amphenol television antenna, 733 
Ampliation, transmission by, 877 
Amplification factor, 54 
Amplifier, automatic gain-adjusting, 356 
bister, 291 
bridging, 328 
cathode follower, 98 
grounded grid, 435 
limiting, 356, 364 
monitoring, 296 
peak-limiting, 356 
preliminary, 285 
program, 291 
push-pull, 65 
push-push, 66 

Amplifier classes, A, 66, 91, 92-99 
AB, 66, 91, 99 


B, 66, 91, 99, 100-112 

C, 66, 91, 112-118 
Amplitude modulation, 152 

elementary methods, 153 
form of modulated waves, 153 
grid, 160, 815 
Heising, 158 
high level, 164 
plate, 155, 815 
series, 163 
side bands, 154 
suppressor grid, 162 
power in side bands, 154 
with complex waveforms, 157 
Andrew 40-C phase monitor, 709 
Angle of declination, 7 
Anomolous propagation, 695 
Antenna, 697 

Alford slotted tubular, 745 
balloon supported, 604 
broadcast, 704 
circular, 739 
coaxial, 750 
colinear, 728 
colinear coaxial, 751 
concentric, 750 
Demars turnstile, 739 
diamond, 727 
discone, 747 

FM and TV broadcast, 737 
Franklin, 728 
ground plane, 752 
horn, 737 
kite supported, 603 
Kraus flat top, 730 
lazy-H, 729 

lifeboat, 601-609, 610-612 
long wire, 727 
loop, 656 h 659 
loop dipole, 749 
metal plate lens, 735 
parabolic, 676 
rhombic, 727 
sailing mast, 605 
square loop, 740 
Sterba, 728 
super-turnstile, 738 
television receiving, 733 
turnstile, 737 
V, 727 

VHF and UHF directive, 733 
vertical VHF, 750 
Western Electric 54-A, 742 
YUgi, 734 

Antenna arrays, close-spaced, 729, 730 
enfl-fire, 728 
Kfaus flat top, 730 
laly-H, 729 
multiple stacked, 728 
poWer gain of, 732 
rotary, 732 
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Sterba, 728 

television receiving, 733 
unidirectional dipole, 730 
X-H, 729 
Yagi, 734 

Antenna coupling circuits, 132-139 
Antenna current, during modulation, 156 
Antenna field gain, 411, 714 
Antenna power gain, 714 
Antenna power, during modulation, 157 
Antenna resistance measurement, 699 
variation method, 701 
substitution method, 702 
Appleton, E. V., 686 
Armstrong system, of F-M, 188 
Aspect ratio, 442 
Astigmatism, 442 
Asymmetrical modulation, 171 
Attack time, 356, 358, 364 
Attenuator, resistance, 302-308 
Atmospheric ducts, 695 
Audience reaction, broadcast studio, 353 
Audio facilities, broadcast studio, 265-353 
Audio jackfield, 311 

Audio oscillator, resistance tuned, 185, 187 

Authority of Master, 787 

Autodyne receiver, 80 

Automatic field intensity recording, 715 

Automatic frequency control, 84 

Automatic gain control, 64 

Automatic starter, 31 

Automatic starter. General Electric, 31 

Automatic volume control, 64 

Back porch, 445, 458 
Balloon supported antenna, 601-608 
Bandwidth, radar, 618 
table of required, 859 
television, 442 

Barkhausen-Kurtz oscillator, 73 
Base loading antenna, 705 
Batteries, 4, 5, 38-49 
Battery charging panel, 48 
Baume scale hydrometer, 42 
Bazooka, 719 
Beam power tube, 60 
Bearing and range resolution, 635 
Bessel zero, 202-205 
Black level, 442 
61acker-than<black, 442 
Blanking, 442 
Blanking pulse, 442 
Booster amplifier, 291 
Bridge, capacitance, 21 
Hay, 21 
inductance, 21 
Maxwell, 21 
resistance, 21 
Wheatstone, 20 
Bridged-T attenuator, 288 
Bridging amplifier, 328 
Bridging pad, 307 
Bridging transformer, 307 
Brightness control, 442 
Broadcast antenna, 704 
Broadcast pick-up, remote, 331 
Broadcast studio, 261 


control room, 265 
dead spots, 263 
echoes, 265 

microphone receptacle, 267 
noise, 261 

public address facilities, 350-353 
^•everberation, 261 
sound diffusion, 265 
sound isolation, 261 
sound lock, 261, 266 
sound reinforcement, 350 
standing waves, 263 
storage, 267 
sub-studio, 267 
talk-back loudspeaker, 266 
Broadcast tran^^mitter audio facilities, 365 
Bunching of electrons, 147 
Hursts of signals, 692 
Butterfly circuHs, 144 

Calling frequencies, 848 
Camera control unit, 457 
Capa^'kance. 11 
Capacitive reactance, 15 
Capacitor, 12 
Capture effect, 207 

Carbon microphone, single-button, 271 
double-button, 271 
Cardioid microphone, 281 
Cardioid pattern, 658 
Carrier shift, 164, 171-173 
Carroll, Thomas J., 695 
Cathode follower, 98 
Cathode ray oscillograph, 169, 468 
Cathode ray tube, 76, 446 
Cathodes, filamentary, 50 
indirectly heated, 51 
Cavity resonance, in microphone, 271 
Cavity resonator. Klystron, 147 
CBS 3B studio audio console, 313 
Cell, primary, 5, 38 
storage, 5, 39-49 
Censorship, 785 
Center frequency, 411, 442 
Certificate, Safety Convention, 787 
Channels, F'M broadcast, 411 
standard broadcast, 355 
television broadcast, 446 
Characteristic impedance, transmission line, 721 
Charge, of capacitor, 13 
storage battery, 46 
Charging rate, of battery, 41 
Circular antenna, 739 
Circular polarization, 684, 749 
Class A samplifier, 92 
cathode follower, 98 
distortion, 94 
grid current, 92 
load resistance, 92 
output circuit, 97 
output power, 93 
push-pull, 95 
voltage amplification, 96 
Class 6 amplifier, audio, 99 
computations, 103 
distortion, 102 
driver stage, 101 
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output circuit, 105 

putput transformer efficiency, 105 

plate efficiency, 100 

power limit, 103 

predicting driving power, 105 

push-pull, 100 

Class B amplifier, r-f, 106, 164 
bias supply, 107 
Doherty high-efficiency, 109 
driver loading, 107 
driver power, 107 
improving efficiency 109 
performance computations, 106 
plate supply, 108 
practical adjustment, 108 
Class C amplifier, 112 
excitation, 113 
grid bias, 114 

performance computations, 114 
plate dissipation, 115 
practical adjustment, 117 
Close-spaced arrays, 729 
Coaxial antenna, 750, 772 
Coaxial cable, 719, 721 
Co-channel interference, 208 
Code, color resistors and condensers, 766 
Code test, 795 

Colinear coaxial antenna, 751 
Collector rings, 23 

Color code, resistors and condensers, 766 

Color television, 479, 480 

Colpitts oscillator, 119 

Common channel interference, 208 

Communication, single side band suppressed carrier, 165 

Communications Act of 1934, 783 

Commutator, 25 

Compass, 7 

Compass, radio (see radio direction finder) 
Compleiiicntary diversity reception, 695 
Composite television signal, 440 
Composite vacuum tul)cs, 72 
Concentric antenna, 750 
Concentric cable, 71-9 
Condenser, 3, 12 
capacitance of, 13 
color code, 706 
safety gap, 14 
Condenser microphone, 272 
Conductor, 5 
Contrast, 442 
Contrast control, 442 
Control electrode, 442 
Control room audio facilities, 283-353 
Convention of Atlantic City 1947, 830 
Converter, rotary, 33 
synchronous, 33 
Corner reflector, 736, 771 
Corona, 689 
Coulomb, 4 
Counter emf, 11, 29 
Counterpoise, 700 
Coupling circuits, antenna, 132 
interstage, 126 
output, 128 
Critical angle, 681 
Critical frequency, 687 
Cross-modulation interference, 168 


Crystal controlled oscillator, 122, 234, 258 
adjusting frequency, 126 
circuits, 125 

constant temperature ovens, 124 
frequency changes with temperature, 123 
frequency drift, 125 
temperature coefficient, 123 
Crystal filters, 85 
Crystal holders, 123, 234 
Crystal multipliers, 241 
Cumulative connection, motor, 30 
Current, 4 
alternating, 14 
audio-frequency, 14 
dielectric, 12 
direction of flow, 5 
displacement, 12 
effects, 6 

radio-frequency, 14 
Current-fed diptde, 720 
Current loop, 697, 716 
Current node, 097, 716 
Current and phase meters, 708 
Cut-off bias, 64 

Damaged filaments, reactivation of, 72 
Damped waves, 680 
D’Arsonval movement, 8 
Daven variable bridgcd-T attenuator, 289 
Daven variable ladder attenuator, 290 
Db, dbm and vu, correct usage of, 270 
Dbm, 269 
D-c restorer, 442 
D-c transmission, 442 
Decibel, 268 
De-emphasis, 200 
Definitions, AM 814; FM, 411 
Deflection plates, 442 
DeForest, Dr. Lee, 676 
Degeneration, 67 
Delay screen, 442 
Delta-match antenna, 721-722 
Depolarizer, battery, 39 
Designation of emissions, 832 
Detector, bias or plate, 63 
diode, 61 
grid leak, 62 
ratio, 207 
regenerative, 67 
triode, 62 

Determination of polarity, 47 
Deviation measurement, 202 
Deviation ratio, 192 
DeWitt, John, 676 
Diagonal polarization, 749 
Diamond antenna, 727 
Diaphragm resonance, 271 
Dielectric, 5 
constant, 12 
current, 12 
hysteresis, 13 

Differential connection, motor, 30 
Differential network, 290, 306 
Diode, high-vacuum, 51 
Diode, mercury-vapor, 75 
Diplexer, 496 
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Dipole, voltage-fed, 720 
current-fed, 720 
Direct current generator, 25-28 
Direct current motor, 28-31 
Direct wave, 690 

Direction finder (see radio direction finder) 

Direction of rotation, motor, 29 
Directional arrays, measurement of, 700 
feeder systems, 706 
Directional broadcast antenna, 705 
Discharge rate, of battery, 40 
Discharge voltage limit, of battery, 40 
Discone antenna, 747 
Discriminator, circuit, 206 
characteristics, 207 
Dispersion, 681 
Displaced targets, 634 
Dissector tube, 442 
Dissipation factor, 22 
Distortion, measurement, 181 
harmonic, 181, 815 
rms value, 181 

Distress, disaster, and emergency communications, 791, 
851 

Diversity reception, 695 

Dividing network, 306 

Doherty high-cfiiciency amplifier, 109 

Dominant station, 814 

Double limiter, 205 

Doubtful reception, 877 

Doublet, 716 

Dow electron-couplcd oscillator, 73 
Drop-outs, 688 
Dry cell, 38 

Dual-channel modulation, 190 
Ducts, atmospheric, 695 
Dummy antenna, 703 

Dumont, Chatham television receiver, 502 
103 television receiver, 501 
TA-134A master control system, 462 
241 cathode ray oscillograph, 499 
280 television test oscillograph, 500 
5057A sync stretcher, 494 
Dynamic microphone, 275 
Dynamic plate resistance, 54 
Dynamo, 23 
Dynamotor, 34 
Dynatron oscillator, 122 

Edison battery, 43-46 
Effective field intensity, 815 
Effective height of antenna, 683 
Effective loss resistance, 699 
Effective radiated power, 411, 737 
Electric current, production of, 5, 23, 38 
Electric field, 682 
Electrical transcription, 336 
Electro-magnet, 7 
Electromagnetic dipole, 749 
Electromagnetic focusing, 442 
Electromagnetic waves, characteristics of, 680 
Electromotive force, 5 
Electron, bunching, 147 
emission, 50 
gun, 442 
lens, 442 
movement, 4 


multiplier, 442 
properties, 1 
theory, 1 
tube, 50 

Electron-coupled oscillator, 120 
Electrostatic focusing, 443 
Elliptical polarization, 684, 749 
Emergency communications, 791 
Emergency services, 753 
Emf, counter, 11 
Emission, electron, 50 
field, 50 

photoelectric, 50, 444 
secondary, 50 
thermionic, 50 
End-fire arra>, 728 
Energized reflector, 730 
Equalization, program line, 308 
Equalizer, lin^, 308 
Equalizing charge, 48 

F? layer reflectors, 694 
Fade-outs, 688 
Fading, 687, 688 
False targets, 634 
Farad, 13 

Federal, FM broadcast equipment, 421 
frequematic, 424 

frequency and modulation monitor, 216 
Feeder, nonresonant, 721 
Feeder systems, for directional arrays, 706 
Field, 443 
Field emission, 50 
Field frequency, 443 
Field gain, 714 
Field intensity, 683, 714-716 
Field strength measurement, 714 
accuracy, 715 
automatic recordings, 715 
standard antenna method, 715 
standard field method, 715 
units, 678, 684, 715 
Filamentary cathode, 50 
Film pick-up, 475 
Filters, band-pass, 311-313 
crystal, 85 
high-pass, 311-313 
low-pass, 311-313 
smoothing and regulatit)n, 77 
sound-effects, 311 
Fluorescent screen, 443 
Flyback, 443 
Flying spot scanner, 453 
Focus, 443 

Focusing electrode, 443 
Folded dipole, 716 
Folded doublet, 716 
Frame, 443 
Frame frequency, 443 
Franklin antenna, 728 
Free space field intensity, 411 
Frequency of generator, 25 
Frequency meter, absorption, 224 
crystal, 226 
heterodyne, 226, 229 
Lecher wires, 231 
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Frequency modulation, 164, 188, 205, 411 
Armstrong system, 188 
broadcast band, 411 
broadcast channel, 411 

broadcast transmitter, 194, 197, 411, 412, 414-435 
frequency and modulation monitors, 208^220 
frequency control, 190, 194, 197, 424, 432 
modulation characteristics, 188 
pre-emphasis, 202 
receiver alignment, 206 
requirements of system, 188 
rules governing broadcast, 412, 821 
Frequency monitors, standard broadcast, 242, 248, 255 
Frequency standard, microwave, 240 
primary, 234 
secondary, 234 
Frequency swing, 411 
Frequencies, television, 446 
Front porch, 445, 458 

General Electric FM system, 194 
FM broadcast transmitter, 416 
BA-5-A limiting amplifier, 357 
BM-l-A frequency and modulation monitor, 220 
General Radio, 720-A heterodyne frequency meter, 229 
724 precision wavemeter, 225 
1100-AP primary frequency standard, 234 
1100-AQ secondary frequency standard, 234 
1170-A frequency and modulation monitor, 208 
1181-A frequency deviation monitor, 242 
1301-A oscillator, 185 

1931- A modulation monitor, 177 

1932- A distortion and noise meter, 181 
Generator, alternating current, 23 

care of, 34 
direct current, 25 
protective devices, 35 
Getter, 51 
Ghost, 443 
fixed, 507 
negative, 507 
smear, 508 

Goldsmith, Thomas T., 438 
Grid, 53 

Grid modulation, 160, 815 
Groove width, 346 
Ground plane antenna, 752 
Ground reflected wave, 690 
Ground systems, 700 
Ground wave, 685 

Ground wave propagation beyond horizon, 691 
Grounded-grid amplifier, 435 

Grounded vertical antennas, vertical directivity patterns, 
750 

Gun, electron, 442 

H pad, 303 
Halation, 443 
Hand-starting box, 30 
Harmonics, 14, 181, 815 
Harmonic radiation, 133 
Harmonic reduction, 131, 134, 135 
Hartley oscillator, 119 
Hay bridge, 21 
Heater cathode, 51 
Heising modulation, 158 
Henry, 11 


Hertz, Heinrich, 675 
Hertz antenna, 697, 716 
Hertz resonator, 675 
Heterodyne frequency meter, 226, 229 
High-level mixing, 286 
High-level modulation, 164, 815 
High-pass filter, 311-313 
High-vacuum, 51 
diode, 51 
pentode, 59 
tetrode, 58 
triode, 53-58, 71 

Horizontal polarization, 684, 749 
Horn antenna, 735, 737 
Horn radiators, 735, 737 
Hours of service, for ships, 874 
Hull, Ross, 692 
Hydrometer, 42 
Baume scale, 42 

IconoBcope, 443, 449 

Identification of transmissions, 791, 835 

Ignitron, 74 

Image dissector, 443, 452 
Image orthicon, 451 
Impedance, 15 

Impedance matching network, 722 
Indecent language, 785 
Index of modulation, 192 
Indicators, radar, 619, 620, 625, 678 
Indirect system of F-M, 188 
Indirectly heated cathode, 51 
Induced charge, 2 
Inductance, 11 
Induction coil, 19 
Induction, electromagnetic, 10 
mutual, 11 
self, 10 

Induction field, 683 
Induction motor, 31 
Inductive reactance, 15 
Inductor alternator, 24 
Inductor, binocular, 11 
honeycomb, 11 
spider web, 11 
toroid, 11 
solenoid, 11 

Inductor microphone, 276 

Insertion loss, in ladder attenuator, 289 

Inspections, 788 

Inspection of mobile stations, 836 
Instantaneous recording, 340 
Insulators, 5 

Intensifier electrode, 443 
Interelectrode capacitance, 58 
Interference radio, 164, 689 
sound waves, 263 
Interference zone, 686 
Interlaced scanning, 443 
International morse code, 609 
International Telecommunications Convention, 830 
Interstage coupling, radio frequency, 126 
Ion spot, 443 
Ionosphere, 651, 685-689 
Ionospheric measurements, 687 


Jackfield, audio, 311 
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Kennelly-Heaviside layer, 685 
Keystone effect, 443 
Kinescope, 443 
Kite supported antennas, 603 
Klystron, 146-150 

L pad, 304 

Ladder attenuator, 288 
Langevin, 116-A amplifier, 287 

117- A amplifier, 2^ 

118- A amplifier, 330 
Lateral recordings, 336 
Lead-acid battery, 39 
Lecher wires, 231 

Lens, metal plate antenna, 735 
License for radio communication, 783 
License, operators, 793-799 
Lifeboat antenna, 601-609, 610-612 
Lifeboat radio installation, 599, 787, 808 
Lighting, television studio, 471 
Lightning, 3 

Lightning protection, antennas, 705 
Limiter, 205 

Limiting amplifier, 357, 364 
Line equalizer, 308 
Line frequency, 443 
Line pad, 302 
Line transformer, 306 

Link Radio, 25-FMTR-7C mobile radio equipment, 773 
50-FMTR-7C mobile radio equipment, 773 
50-UFS FM radio transmitter-receiver, 757 
230-D crystal frequency monitor, 226 
1890 remote control unit, 768 
1938 remote control unit, 768 
Local action, in primary cell, 38 
I^ocalion of FM broadcast transmitter, 411 
Location of standard broadcast transmitter, 355 
Locked oscillator, 232 
Long lines, 308 
Long shunt, 27 
Long wire antennas, 727 
Loop, 656-659 
Loop-dipole antenna, 749 
Loran, 644-656 

Lotteries, gift enterprise, broadcasting of, 784 

Loudspeaker placement, studio stmnd reinforcement, 352 

Lowest useful high frequency, 687 

Low-level mixing, 286 

Low-level modulation, 164, 815 

Low-pass filter, 311-313 

Lumen, 443 

Mackay Radio, 101B auto alarm, 529 
FT-106 marine radio unit, 511 
106B radio direction finder, 665 
107A antenna transfer switch, 550 
123BX radio receiver, 543 
128AV radio receiver, 541 
150AY radio transmitter, 591 
155AY radio transmitter, 515 
167AY radio transmitter, 521 

168B portable emergency marine radio transmitter, 
613 

SLR-F radio receiver, 544 
Magnetic field, 7, 682 
Magnetism, 6 
attraction and repulsion, 7 


molecular theory, 8 
poles, 7 
residual, 7, 26 

Magnetron, 73, 623, 636-642 
Maintenance procedures, TV transmitter, 494 
Marconi, Guglielmo, 675 

Master Control facilities, radio broadcasting, 327 
television broadcasting, 461 
Master gain control, 290 
Master volume control, 290 
Matching stub, 722 

Maximum expected operating value, 706 
Maximum range, of radar, 618 
Maximum usable frequency, 687 
Maxwell Bridge, 21 
Maxwell equations, 675 
Maxwell, James Clerk, 675 
Measurements, field strength, 714 
Meissner, oscillator, 120 

MEOV, maximum expected operating value, 706 
Mercury-vapor diode, 75 
rectifiers, 78 
t^'t.ode, 75 
triode, 78 

Meteors, ionization effects of, 694 
Meter multiplier. 9 
shunt, 9 
Microfarad, 13 
Microhenry, 11 
Micromicrofarad, 13 
Microphone, audience reaction, 353 
carbon, 271 
cardioid, 281 
condenser, 272 
crystal, 283 
dynamic, 275 
inductor, 276 
polydirectional, 282 
pressure-actuated rilibon, 276 
unidirectional, 280 
velocity, 278 

Microwave frequency standard, 240 
Microwave propagation, 689, 695 
Microvolts-per-meter, 678, 684, 715 
Millihenry, 11 

Millivolts-per-meter, 678, 684, 715 
Minimum power, use of, 785 
Mixer circuits, 288 
high-level, 286 
low-level, 286 

Mixer control, bridged-T, 289 
ladder, 290 

Mixer matching network, 290 
Modulation, 152 
asymmetrical, 171 
difficulties, 164 
dual-channel, 190 
frequency, IM, 188, 411 
grid, 160, 161, 815 
Heising, 158 
high-level, 164 
of class C amplifier, 66 
oscillograms of, 171 
phase, 164 
plate, 155-160, 815 
power requirements, 155 
reactance, 192 
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series, 163 
suppressor grid, 162 

uncertainty of measuring by antenna circuit, 163 
with complex waveforms, 157 
Modulation grid, 443 
Modulation index, 203 

Modulation measurement, cathode-ray oscillograph, 169 
commercial devices, 176 
component method, 174 
direct reading double rectifier, 176 
double rectified method, 175 
Modulation monitor, FCC requirements, 176 
General Radio 1931A, 177 
Monitoring amplifier, 296 
Monochrome transmission, 443 
Morse code, 609 
Mosaic, 438, 443, 449 
Motion-picture projector, 474 
Motor, 23 

Motorola, FMT-25V F-M radio transmitter, 757 
FMT-30D F-M radio transmitter, 753 
Motor-generator, 33 
Motor starting box, hand, 30 
automatic, 31 
Motors, care of, 34 
Multipath transmission, 443, 691 
Multiple reflection, 686 
Multiplex transmission, 411 
Multipliers, crystal, 241 
Multivibrator, 232, 236 
Mutual conductance, 54 
Mutual induction, 10 

Navigation, aids to, 617 
Negative ghosts, 443 
Negative transmission, 443 

Network, resistance (see resistance attenuation net¬ 
work) 

Neutralization, of r-f amplifiers, 69, 140 
Neutrino, 1 
Neutron, 1 

Noise, in audio amplifiers, 285 
Nomenclature, of frequencies, 791, 834 
Non-conductors, 5 
Non-delivery of radiotelegram, 879 
Non-resonant feeders, 721 

Ohm, 5 

Ohms law, S 

Operating procedure, maritime mobile, 837 
aeronautical mobile, 837 
Operating techniques, television, 471 
Operator’s license, 793-799 
Optical path, 690 

Orchestral music, intensity level, 201 
Orthicon, 443 

Oscillators, Barkhausen-Kurtz, 73 
Colpitts, 119 
crystal-controlled, 122 
Dow electron-coupled, 73 
dynatron, 122 
electron-coupled, 120 
Hartley, 119 
interpolation, 238 
Klystron, 149 
locked, 232 
magnetron, 73 


Meissner, 120 
tri-tet, 73 

tuned-plate, tuned-grid, 120 
ultraudion, 120 
vacuum tube, 118 
Oscilloscope, comparison, 240 
Output circuits, r-f amplifier, 128-131, 404 
Overmodulation, 164 
Overmodulation indicator, 173 
Oxide coated cathodes, 51 

Pad, 302 
bridging, 307 
differential, 306 
dividing, 306 
H type, 303 
L type, 304 
split, 306 
T type, 303 
U type, 304 

Parabolic reflector, 676, 734 
Parallel feed, 91 
Parasitic frequencies, 164 
Parasitic oscillation, 141 
Parasitic reflector, 730 
Patchcord, 311 
Peak factor, 270 
Peak limiting, 356, 357, 364 
Peak-reading diode, 493 
Pedestal, 444 

Pentode, high-vacuum, 59 

Percentage modulation, 152, 169-187, 192, 411, 815 
Performance requirements for FM broadcast systems, 
412, 821 

Permanent magnet, 7 
Permeability, 8 
Phase displacement, 15 
Phase modulation. 164 
Phase monitors, 709, 712 
Phase reversal, in tube, 58 
Phasitron tube, 194 
Photoelectric emission, 50, 444 
Phosphor, 444 
Picofarad, 13 
Picture element, 440, 444 
Picture monitor, 457, 463 
Picture noise, 444 

Plate construction, battery, 39, 40, 44 
Plan position indicator, 619, ^5, 631, 633 
Plate detector, 63 

Plate modulation, 155, 158, 160, 815 
Plate resistance, dynamic, 54 
Polarization, in primary cells, 38 
Polarization, of radio waves, 684, 749 
Police networks, 771 
Police signals, 781 
Polydirectional microphone, 282 
Polyphase systems, 35 
Portable broadcast audio facilities, 331 
Positive transmission, 444 
Positron, 1 
Potential, 3 

Potential, difference of, 3 
Power gain, 714 

Power and impedance monitor, 725 

Power measurements, picture transmitter, 488 

Power supply, 19, 20, 77-79 
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PPI, plan position indicator, 619, 625, 631, 633 

Precipitation static, 689 

Pre-emphasis, 200 

Preliminary amplifier, 285 

Pre-selection, 83 

Pressure-actuated ribbon microphone, 276 
Pressure doubling, 271 
Primary cell, 38 
Primary service area, 703, 814 
Primary frequency standard, 234 
Principles of loran, 647 
Priority of communications, 858 
Program amplifier, 291 
Program distribution, 328 
Program line, audio, 308 
Program loop, 308 
Program loop transmission, 309 
Progressive scanning, 444 
Propagation, 675 
beyond horizon, 691 
constant, 722 
effects of rainfall, 695 
over hills, 692 
Proton, 1 

Protective devices, motor, 35 
Pseudo-selectivity, 88 
Public-address, broadcast studio, 350 
Pulse duration, 618, 654 
Pulse length, 618, 654 
Pulse rate, 618, 654 
Pulse repetition frequency, 618, 654 
Pulse width, 618, 654 
Push-pull amplifier, 65, 95, 98 
Push-push amplifier, 66 

Q code, 862 
Quartz crystals, 122 

Radar, 617 

shipboard installation, 619 
Radar scope pictures, 631, 633, 678 
interpretation, 630 
Radiation, 682 
Radiation field, 682 
Radiation resistance, 699 
Radio direction finder, Adcock system, 661 
antenna effect, 658 
cathode ray indicator, 662 
compensation for error, 660 
determination of sense, 658 
fundamental principles, 656 
polarization errors, 660 
wavefront distortion, 659 
Radio direction finding, procedure, 875 
Radio frequencies, classification of, 678, 834 
Radio receiver systems, for unmodulated signals, 86 
radio telegraph, 88 
superheterodyne, 81 
superregenerative, 80 
tuned radio frequency, 80 
Radio frequency measurements, 224 
Radio log, 808 
Radio program line, 308 
Radio telephone system, single side-band, 165 
Radio waves, 675-696 

Rainfall, effect on microwave propagation. 695 
Raster, 444 


Ratio detector, 207 

RCA, FM broadcast transmitter, 428 
1-K broadcast transmitter, 396 
BA-3A program amplifier, 293 
BA-4A monitoring amplifier, 297 
OP-6 portable remote amplifier, 332 
OP-7 portable mixer preamplifier, 334 
44-BX velocity microphone, 278 
70-C transcription turntable, 338 
73-B professional recorder, 340 

76- B consolette, 320 

77- D polydirectional microphone, 282 
88-A dynamic microphone, 276 
300-C phase monitor, 712 

311-AB broadcast frequency monitor, 248 
Reactance, capacitive, 15 
inductive, 15 

Reactance modulation, 192 
Reactivation Ci damaged filaments, 72 
Receiver, autodyne, 80 
for unmodulated signals, 86 
pseudo-selectivity, ^ 

1 egenerative, 80 
selectivity, 85 
sensitivity. 86 
single side band, 167 
superheterodyne, 83 
superregenerative, 80 
telegraph, 88 
telephone, 9 

tuned radio frequency, 80 
Receiver installation, television, 508 
Receiving antenna, 509 
Recording equipment, 340 
Recording head, 343 
Record playing time, 346 
Recovery time, 357, 358, 364 
Reference volume, 269 
Reflected wave, 690 
Reflection, 680 
from ionosphere, 686, 687 
from aircraft, 208 
Reflection scanner, 453 
Reflector, energized, 730 
parasitic, 730 
Refraction, 680 
Regeneration, 67-70 
Regenerative receiver, 80 
Regulated power supply, 455 
REL FM broadcast transmitter, 418 
Relation of modulation frequency to percentage of 
modulation, 168, 192 
Relay equipment, 478 
Remote broadcast equipment, 331 
Remote control, 768 
broadcast, 331 

Remote pickup, television, 476 
Residual magnetism, 7 
Resistance, 5 

Resistance attenuation network, 302 
bridging, 307 
differential, 306 
dividing, 306 
H type, 303 
L type, 304 
T type, 303 
U type, 304 
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Resistance-tuned oscillator, 187 
Resistor color code, 766 
Resonance, 17 
Resonant frequency, 17 
Resnatron, 150 
Resolution chart, 465 
Return trace, 444 
Reverberation time, 261 
Reversed feedback, 67 
R-f amplifier, class B, 164 
R-f waveforms, oscillograph, 470, 471, 490, 491 
Rhombic antenna, 727 
RMA resolution chart, 465 
RMCA, 4U marine radio unit, 554 
CR-101 radar equipment, 619 
ET-8010-C radio telegraph transmitter, 588 
ET-8010-CA emergency radiotelegraph transmitter, 
590 

ET-8022-C lifeboat transmitter-receiver, 609 
ET-8023 high-frequency radiotelegraph transmitter, 
559 

ET-8024A main radiotelegraph transmitter, 563 
ET-8025 radiotelegraph transmitter, 568 
ET-8030 lifeboat transmitter, 599 
AR-8506-B intermediate and high-frequency receiver, 
572 

AR-8510 radio receiver, 575 
AR-8601 auto-alarm, 577 
AR-8651 alarm signal keyer, 585 
AR-8703-BX radio direction finder, 671 
RMCA type D crystal radio receiver, 577 
Rotary converter, 33 
Rules and regulations, FCC, 790 
FM broadcast, 821 
ship service, 799 
standard broadcast, 814 
television broadcast, 826 
Rumble, 336 

Safe dissipation limits, of tubes, 72 

Saturation current, 52 

Saw-tooth, 444 

Scanning, 444 

Scanning line, 444 

Scattering, 687 

Scott SLR-F radio receiver, 544 
SCR-271 radar, 677 
Scrambled speech, 168 
Secondary emission, 50, 59 
Secondary frequency standard, 234 
Secondary service area, 703, 814 
Secondary station, 814 
Self-induction, 10 

Sense, determination of in radio direction finder, 658 
Sequential system, color television, 480 
Series and parallel connection, cells, 5 
condenser, 13 
resistance, 6 

Series-fed broadcast antenna, 705 
Series loading, 704 
Series modulation, 163 

Service areas, standard broadcast, 411, 703, 814 

Shading, 444 

Shading circuits, 456 

Shadow areas, 692 

Shadows, 692 

Shipboard radar, 619 


Ship service, rules governing, 799 
Shunt-fed broadcast antenna, 705 
Short shunt, 27 

Side bands, amplitude modulation, 154 
frequency modulation, 192 

Signal strength required, for standard broadcast, 355 
for FM broadcast, 412 
Single side-band communication, 165 
Simultaneous system, color television, 480 
Skin effect, 17 
Skip distance, 686 
Sky-wave, 685 

Slap-back, in sound reinforcement, 353 
Slip rings, 23 
Snow, 509 

Soil conductivity, 355 
Sound diffusers, acoustivanes, 263 
curvilinear, 265 
cylindrical, 265 
diffusispheres, 265 
polycylindrical, 264 
serrated walls, 265 
Sound diffusion, 265 
Sound effects filter, 311 
Sound isolation, 261 
Sound lock, 261. 266 

Sound reinforcement, broadcast studio, 350 
Space charge, 52 
Space wave. 690 
Spectrum analyzer, 241 
Speech, scrambled, 168 
inverted, 168 
Split pad, 306 
Sporadic E reflections, 694 
Spot, 444 

Square loop antennas, 740 

Standard antenna method of field strength measurement, 
715 

Standard broadcast band, 355, 814 
Standard broadcast plant, 355 
antenna, 704 
audio facilities, 365 
location, 355 
program lines, 356 
power, 356 
transmitter. 367, 396 

Standard broadcast station, rules governing, 814 
service area, 703, 814 

Standard field method of field strength measurement, 
715 

Standard volume indicator, 269 
Standing waves, 263, 724 
Static electricity, 2 
Sterba curtain, 728 
Storage batteries, 39 
charging, 46 
Edison, 43 
lead-acid, 39 
Storage factor, 22 
Stratosphere, ^5 
Stub, harmonic suppressor, 724 
impedance matching, 722 
wavetrap and filter, 724 
Studio audio console, 313, 317, 320 
Studio lighting, 471 
Studio technical crew, television, 472 
Stylus-angle adjustment, 349 
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Stylus, recording, 344 

Substitution method of antenna resistance measurement, 
702 

Sulphation, of battery, 43 
Super-control, 64 
Super-refraction, 695 
Superheterodyne receiver, 81-85 
Superregenerative receiver, 80 
Super-s>nc, 460 
Super-turnstile antenna, 738 
Suppressed carrier, 165 
Suppressor grid modulation, 162 
Surface wave, 690 

Surge impedance, of transmission lines, 721 
Suspension of operator licenses, 790 
Synchronizing generator, 440, 456 
Synchronizing waveform, television, 445 
Svnehronometer, 236 
Synchronous converter, 33 
Sync-stretcher, 494 

T pad, 303 

Talk-back loudspeaker, 266 
Tank circuit, 128-132, 408 
Targets, displaced. 634 
1 argets, false, 634 
Telegraph receiver, 88 
Telephone receiver, 9 
Telephone, wire, 152 
'lelevision, 438 
camera, 448 
channels, 446 
film projector, 474 
receiving antenna, 508, 733 
receiver installation, 508 
receivers, 501 

1 emote pickup equipment, 476 
studio technical crew, 472 
transmission standards, 444 
transmitter, 481 

transmitter monitoring desk, 489 
transmitter monitoring facilities, 486 
transmitting antenna, 493 

Television broadcast stations, rules governing, 826 
Temperatuie coefficient, crystal, 123 
Ten signals, 781 
Terrain, effects of, 691 
Test pattern, 444, 465, 469 
Test equipment, television, 499 
Tetrode, high vacuum, 58 
mercury-vapor, 75 
Thermal agitation, 285 
Thermionic emission, 50 
Thoriated tungsten cathode, 51 
Thyratron, 74 
Top loading, 697, 704 
Total antenna resistance, 699 
Total reflection, 681 
Transconductance, 54 

Transcription reproducing facilities, 336, 338 
Transformers, power, 17 
bridging, 307 
line, 306 

Transit time, 146 

Transmission lines, 719 

Transmission of information by ships, 787 

Transmission standards, television, 444 


Transmitter location, FM broadcast, 411 
standard broadcast. 355 
Transmitter, single side-band, 166 
Transmitting antenna, television, 493 
Trapezoid pattern, 170 
Trapping, 695 
Trickle charge, 47 
Triode, high-vacuum, 53 
mercury vapor. 75 
Tn-tet oscillator, 73 
Troposphere, 685, 692 
Tuned opcn-^Mre lines, 720 
Tuned-grid, tuned-plate oscillator, 120 
Tuned radio frequency receiver, 80 
Tungsten cathode, 50 
Turnstile antenna, 737 
Twisted-pair lines, 719-721 

U pad, 304 

Ultraudinn oscillator, 120 

Unauthorized publication of communications, 788 

Undamptd waves, 680 

Liigrounded high-frequency antennas, 716 

Unidirectional broadcast antennas, 737 

Unidirectional microphone, 280-283 

United Nations audio facilities, 332 

Useful receiver sensitivity, 86 

V antenna, 727 
\ acuum, 51 
Vacuum tube, 50 
diode, 51 
pentode, 59 
tetrode, 58 
triode, 53 58, 71 

Vacuum tube peak voltmeter, 173 
Vacuum tube, safe dissipation limits, 72 
Variable-mu, 64 

Variation method of antenna resistance measurement, 
701 

Velocity factor, 722 
Velocity microphone, 278 

Vertical broadcast antennas, methods of feeding, 705 
Vertical directivity patterns, 750 
Vertical height, of layer, 687 
Vertical polarization, 684, 749 
Vertical recordings, 336, 339 
Vertical VHF antennas, 750 
Very high frequencies, propagation of, 689 
Vestigial, side-band filter, 486 
transmission, 444 

VHF F-M mobile equipment, 753, 757, 773 
Vibrator power supply, non-synchronous, 19, 757 
synchronous, 20 
Video amplifier, 453 

Video frequency oscillograph waveforms, 470, 471, 490, 
491 

View finder, 444 

Viewing screen, 444 

Violation of rules, regulations, 788 

Virtual height, 687 

Virtual suppressor, 61 

Volt, 5 

Voltage and current distribution, on antenna, 697 
Voltage-fed dipole, 720 
Voltage loop, 697, 716 
Voltage ncxle, 697, 716 
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Voltmeter, 8 

Volts-per-meter, 678, 684, 715 
Volume control, bridgcd-T, 289 
ladder, 290 

Volume indicator, 268 
Vu, 269 

Water-cooled tubes, 71, 378 
Watt, 6 

Wattmeter, 16 ' 

Waveguide, 720 
Waveform data, television, 461 
Wavefront, bending in layer, 686 
Waveform monitor, 457, 489 
Wavemeter, absorption, 754, 224 
Wave motion, 679 
Waves, damped, 680 
undamped, 680 

Western Electric, lA frequency monitoring unit, 255 
1C frequency monitoring unit, 255 
3A power and impedance monitor, 725 
5A frequency and modulation monitor, 214 


23-A line equalizer, 309 
25-B audio console, 317 
S4-A antennai 742 
109 reproducer group, 336 
405A-2 radio transmitting equipment, 367 
405B-2 radio transmitting equipment, 367 
639-A cardioid microphone, 281 
640AA condenser microphone, 273 
’ 1126C program-operated level governing amplifier, 
364 

Westinghouse F-M transmitter, 414 
Wheatstone bridge, 20 
Wireless relay transmitter, 478 
Wire telephone, 152 
Wobbulator, 499 
Working frequencies, 848 
Wows, 336 

Yagi array, 734 
Yoke, 444 

Zeppelin feed system, 720 






